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ABSTRACT. Monthly mean total column ozone (TCO) over Indiagion for the years 1982, 1983, 1987 and
1988 has been utilized to study the TCO distributiaring dry and wet monsoon years. TCO data fon@i&an stations
for the above years have been considered in thdy.s€omparison of TCO distribution during dry andtwnonsoon
years suggested that TCO values are found highr@rgddry years than those in wet years. The chaimg@€0O may be
attributed to difference in convective activity ohgr dry and wet years. The suppressed (enhancedgction during dry
(wet) years may lead to increase (decrease) in TG0e statisticat-test is applied to test the significance of TCO
difference during monsoon months between dry andyears. The difference is statistically signifita 5% level of
confidence for all stations except Dumdum. It canshid that the relation between OLR and TCO hgtatsd during
Indian summer monsoon months, as convection isgéroduring this period.
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1. Introduction Chowdaryet al., 1988; Hartmann and Michelson, 1989;
Hartmannet al., 1992; Singlet al., 1992).
The mean distribution of the global total ozone &as
minimum in the equatorial belt and an increasirendr
towards both the poles. An extensive research vaork Ziemke and Chandra (2003) have studied La Nina
ozone has explored the ozone variability on difietene and El Nino induced variabilities of ozone in thepical
scales of days to decades, which is governed bylower atmosphere during 1970-2001. During EI Nino,

atmospheric dynamics and chemistry (Londéteal., tropospheric ozone is enhanced over the westerifidPac
2003). The total column ozone (TCO) variability is and reduced over the eastern Pacific because iodétply-
governed by annual cycle (Londle al., 2003), Quasi- scale shifts in sea surface temperature and cdowect

Biennial Oscillation (QBO) (Randel and Cobb, 1998),  Their study suggests that El Nino produces an wast-
Nino-Southern Oscillation (ENSO) (Shiotani, 1992ida  dipole difference in tropospheric ozone over theifia
solar cycle (Chandra and McPeters, 1994). The -intra ranging from about 5-10 DU for weak events and ap t
seasonal variability of TCO over Indian region teen 15-20 DU for strong events. La Nina indicates nearl
studied by Londhet al. (2005). They found three intra- opposite spatial distribution in tropospheric cofuozone
seasonal modes of TCO variability with periods 8a8/s in the tropics compared to El Nino. Monsoon ciatigin
(weekly), 10-20 days (quasi-bi weekly) and 30-6¢sda induced variability in TCO and association between
(Madden Julian Oscillation). Similar type of modes monsoon rainfall and TCO over Indian region has
variability was observed in Indian Summer Monsoon provoked us to examine the TCO distribution duriity
Rainfall (ISMR) (Krishnamurti and Bhalme, 1976; and wet monsoon seasons.
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Fig. 1(a). Monthly mean TCO for the years 1982, 1983, 198d 2988 for the stations New Delhi,
Varanasi, Ahmedabad, Dumdum, Nagpur and Mumbai

The particular year i" is categorized as dry/wet 2. Data
depending on rainfaR(i) in that year if
The daily Total Ozone Mapping Spectrometer
R < R-0 /'R(i) >R +0 (TOMS) data over 13 Indian stations (Table 1) foe t
years 1982, 1983, 1987 and 1988 have been utifmed
where Ris long term ISMR normal (852 mm) aod the study. TOMS (Nimbus7) data have been collected
is standard deviation of ISMR (80mm) [Parthasarathy from the following website: http://jwocky.gfsc.nagav/
et al., 1992]. This criterion has been adopted to seteet  €ptoms/EPTOMS_V7_Ovp.N. The daily TCO values
dry and wet monsoon years. The years 1982 and 4887 were utilized to derive the mean monthly TCO anesth
dry monsoon years as the rainfall was deficientb§.4%  mean monthly TCO values were used for the analysis.
and —17.9% respectively, while 1983 and 1988 are we seasonal mean (June through September) Outgoing
monsoon years as the rainfall was excess by +1288 Longwave Radiation (OLR) data for the above yeangeh
+13.2% respectively. been taken from NCEP/NCAR Reanalysis data.
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Fig. 1(b). Same as Fig. 1(a) but for the stations Pune, téymet, Bangalore, Chennai, Kodaikanal and Trivandrum

3. Resultsand discussions extremes. During wet years convection is more coegpa
to dry years, which may affect the total column rezo
The monthly mean TCO for the years 1982, 1983, by transport of tropospheric ozone into stratospher
1987 and 1988 for the twelve Indian stations were The Indian summer monsoon rainfall (period June
depicted in Figs. 1(a&b). It is seen from the figgithat through September) is essentially convective inuneat
TCO values on an average are higher during thesyearand the ascending motions within the areas of
1982 and 1987 for almost all the stations as coathtw rainfall have compensating divergence motions datsi
those in the years 1983 and 1988. The years 1982 ansuch areas (Ananthakrishnan and Pathan, 1971;
1987 were dry years while the years 1983 and 198&w Rao, 1976; Webstait al., 1998).
wet years. Thus the ozone values are comparathigher
during dry years than the wet years. Convective activity is inferred using NCEP/NCAR
derived OLR flux. The OLR data have been extengivel
The difference observed in the ozone distribution used for the study of interannual and intraseasonal
during wet and dry years may be attributed to the variability of tropical convection (Lau and CharfgB).
difference in the convective activity during theseo Change in OLR is a good indicator of changed dtistion
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240 TABLE 1
Selected thirteen Indian stationsand their Latitudesand Longitudes

720 S.No. Station Latitude  Longitude
1. New Delhi 28°40 N 7r13 E
220 2. Varanasi 2527N 8 OLE
3. Mt. Abu 24° 36 N 7243 E
210 4. Ahmedabad 20IN  7239E
5. Dumdum 22°38 N 88 26 E
200 6. Nagpur 21° 06 N 7903 E
7. Mumbai 19° 07 N 7250 E
an 8. Pune 1®3IN  7¥50E
9. Hyderabad 17722 N 78 28 E
80 10. Chennai 1304 N 80 10 E
11. Bangalore 12258 N 7Tr 34 E
12. Kodaikanal 10°13 N 728 E
240 13. Trivandrum 08 19 N 76° 36 E

years has been observed. During dry years TCO hsasve
270 OLR flux are more and in wet years both are less.

Therefore the present study indicates the in phals¢ion

between OLR and TCO which is in consistence wit th

o results obtained by Chandehal., 1998 and Willams and
Toumi, 2001.
200
Convection is deep and maximum over the Indian
land mass region during the summer monsoon season
130 (June — September) (Meehl, 1987). Rainfall is dssed
with convection, therefore, rainfall amount can be
Sges LA : - considered as the convenient indicator of the cotive
A0PE 50°F BOE 7O°E BOSE 90°E 100°E 110°E activity. Kulkarni and Verma (1993) have studieck th

relation between tropopause height over India dmel t
_ Indian summer monsoon activity. They noticed that a
Figs. 2(a&b). Contour plot of seasonal mean (June through India mean tropopause height shows statisticalghéx
September) OLR flux for (a) dry monsoon years . .
1982 and 1987 and (b) wet monsoon years 1983 and Value in the composites of good monsoon years than
1988 value in bad monsoon years for the months May tjinou
September. Steinbreclat al., 1998 have examined the
correlation between tropopause height and totainezo
of deep atmospheric convection. Low (high) valués o They suggested that a high tropopause is correlaitd
OLR indicate the presence of strong (weak) conwacti low total ozone and low tropopause with high tazbne.
(Chandreet al., 1998). The contour plots of seasonal mean Independent of season, total ozone decreases HyUL6
OLR flux (average of June — September) for dryryea per km increase in tropopause height. Simple aisabyfs
(1982, 1987) and wet years (1983, 1988) are shawn i about 15 years of monthly total ozone data has been
Figs. 2(a&b). It is seen from the figure that OLRIues carried out in the tropical and sub tropical regioof
during the years 1982 and 1987 are higher tharearsy  northern hemisphere by Hingane and Patil 1996. They
1983 and 1988 over Indian region. The higher OuK fl  observed the pronounced maximum (~17.5 km) in the
means weak convection. Thus, it is confirmed thatng tropopause height and well-marked trough in totare
dry years (1982, 1987) convection is suppressec Th during the months of July and August over the most
OLR flux during dry years is more by 10-20 W/than in humid part of the region, which comes under thiiarice
wet years. Northwestward shift in OLR flux ohg wet of monsoon circulation. It appears that the o@nce of
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TABLE 2 relation has been observed between TCO and comgecti

Significance of the differ ence in mean ozone for activity during monsoon months over tropical and

dry and wet years by t-test subtropical stations of India.
Station t- value In addition to dynamical processes (convective
Ahmedabad 2.45 activity) tropospheric KD chemistry may be playing a
Bangalore 2.35 role in the redistribution of TCO. In genera} @&d HO
Chennai 2.4% are negatively correlated with high (low)s@nd low

(high) humidity in the region of enhanced (suppee3s

Dumd 1.97 ;

H“;n “bmd p e convection (Chandrat al., 1998). Q may be destroyed
yderaba : by the reaction of OD) with H,O in the following way
Kodaikanal 2.09

Mumbai 284" O;+hv = O(D) + O,

Mt.Abu 2.89"

Nagpur 255 o(D) +HO -~ OH + OH

New Delhi 2.51"

Pune 2.38 HO, +O; - OH + 2Q

Trivandrum 2.77 OH + HO, +

Varanasi 2.28 O - 2+ O,

% 10%: ** 5%; *** 204 The enhanced convection, which is associated with

rich water vapor during wet monsoon season, may be
responsible for more LJosses than in the dry monsoon
season.

trough may be due to lifting of air mass by theeige
convective activity over areas of the low level )
convergence, which is fed normally from the equator 4. Conclusion

belt.
Comparison of TCO distribution during dry and wet

onsoon years suggested that TCO values are found
igher during dry years than those in wet yearse Th
difference in convective activity during dry andtwears
may be responsible for the changes in TCO. The
suppressed convection during dry years may be
responsible for the increase in TCO. The TCO diffiee
during monsoon months between dry and wet years is
examined for the significance hytest. The difference is
statistically significant at 5% level of confidenéer all

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

The difference in TCO values between wet and dry
years have been tested wittest (Table 2) and it is found
that the difference is significant at 2% level ohtidence

for the stations Hyderabad, Mumbai, Mt. Abu, Nagpur ati ¢ Dumd It b d that thatiosi
New Delhi and Trivandrum, while it is significant 8% stations except bumdum. 1t can be sal at tret
level of confidence for the stations Pune, Vargnasi between OLR and TCO holds good during Indian summer

Bangalore, Chennai, Kodaikanal and Ahmedabad monsoon months, as convection is stronger during th

However, the difference is significant at 10% lewdl period.
confidence for the station Dumdum.
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