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1.

The ozone plays a significant role in the chemisfry
the Earth's atmosphere, even though it is a mipeciss
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ABSTRACT. The total column ozone variation over India haserbstudied using monthly mean ozone for the

period of 18 years from 1981 to 1998, which werkected with Dobson Spectrophotometer at folmdian stations,

New Delhi (28 N), Varanasi (24N), Pune (18N), and Kodaikanal (ON). The effect of atmospheric phenomena like

Quasi Biennial Oscillation (QBO), solar cycle analcanic eruptions (ElI Chichon of 1982, Mt. Pinatutifol991) on
ozone variations has also been explored in thiempdpe results of the analysis has shown thabzio@e variations in
the tropical region seem to have mostly caused&etiuatorial QBO in zonal wind at lower stratosptand solar cycle.
During the period 1981-90, there is no much yearear variability in total ozone, whereas durthg period 1991-98,
much variability is observed between year to ydae total ozone is decreased from 1991 to 19@Blaer started
recovering. The ozone anomalies calculated fop#reod 1981-98 showed positive anomaly for théqoet981-90 and
negative anomaly for the period 1991-98. Thoughdbrtribution of QBO and solar cycle to total oedior the two
different periods of 1981-90 and 1991-98 is alnszshe, the total ozone amounts for the later pexfedower. These
lower ozone amounts may be attributed to the tatiBbo volcanic eruption.

Key words — Quasi-Biennial Oscillation, Solar cycle, Volcanieruption, Ozone variation, Dobson

Spectrophotometer, TOMS.

Introduction during recent vyears (WMO, 1998).

Considerable

measurements based on both space and ground exlicat

that ozone is decreasing even in the subtropithlidees
also. This is a region for concern, because thesehe

in terms of abundance. The ozone concentrations ar@egions where ozone concentrations are naturallyaod

rather variable, but the mixing ratio with respéetthe

further decrease in this ozone layer will expode li

entire atmosphere is a few tenths of a part pdiomilThe (highly populated) to high risks due to UV rays.

importance of atmospheric ozone has been recadjfize
more than sixty years and it is apparent now that t Spectrometer (TOMS) data for 14 years,
stratospheric o0zone concentration has been deglinin detail for the behavior of ozone

(671)

Comprehensive studies of the Total Ozone Mapping

analyzed in

layereodifferent
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Fig. 1. Comparison of Dobson and TOMS total ozone data

latitudes and regions (Hermaah al., 1993 ; Randel and Schoeberlet al., (1993). Grant (1992) have estimated a
Cobb, 1994). Mt. Pinatubo eruption which took pléce relatively larger decrease in o0zone content inttbpics
June 1991 has injected a large amount of volcaaienal from the analysis of ozone profiles from the ECQdes

into the stratosphere. An estimated amount of 12530 obtained at Brazzaville, Congo °(4S, 15 E) and
megatons of SPhas been injected by Pinatubo and is Ascension Island 6N, 14 W). The global satellite
rated as the strongest eruption of the centuryafd@yan  ozone records since 1979 show evidence for a decada
et al., 1995). Solomoret al., (1996) noted that the oscillation of total ozone with maximum amplitude26)
occurrence of two major volcanic eruptions ninergea at low latitudes (Hood and McCormack, 1992; Chandra
apart during each of the last two declining phasesolar and McPeters, 1994; Hood, 1997).

activity could lead to some confusion in separating

volcanic and solar effects on ozone. This may trohgly Climatologically, the column abundances of ozone
influence trend estimates for the long time recotuls is lowest over the tropics (Salby and Callagha#93)
may have implications for isolation for the solacle in due to which these regions experience larger efuaf
the short observational record. solar UV radiation. This fact underlines the need f

continuous monitoring and analysis of ozone leugkhe
Chandra (1993) has analyzed ozone data collected byropical and sub tropical regions, especially thegl term
NIMBUS 7 - TOMS and NOAA/11 Solar Back-scatter trends and fluctuations. India is a second largest
Ultra Violet (SBUV)/2 Spectrometers and reportédtt  population country in the world. A very few studiage
the decrease in total ozone in the tropics mayoeanore  available on long term variations of total ozoneemv
than 2-4 % after Pinatubo eruption. Similar dases in Indian stations (Mani and Sreedharan, 1973; Tivl#92;
TOMS total ozone in the tropics are also reported  Kundu and Jain, 1993). Hence the ozone variataver
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Fig. 2. Monthly total ozone anomalies for the period 198

compared with the respective instrument once everyr
2 years. The standard instrument (#112) particgpate
regularly in the international comparison of ozonde
error in the Dobson ozone values is estimated tleass
five. The last inter-comparison was made at Tsukuba
Japan from February 26 to March 26, 1996 (Peahat.,
1998). The initial inter-comparison data confirrhattthe
The daily total ozone data for four Indian statioes existing ozone data derived from the instrument NP
New Delhi, Varanasi, Pune and Kodaikanal have beenis accurate. This instrument is used to calibrateero
collected from Ozone Data for the World (ODW) foet  Dobson instruments in the IMD network. Therefore, i
period January 1981 to December 1998. Data ismddai  confirms that the existing data at various IMD istas
from Dobson Spectrophotometer. The measurements ofneet the international standards of reliability.
ozone with Dobson Spectrophotometer are carriechput
India Meteorological Department. The calibration adf Monthly zonal wind data at 30 hPa and 50 hPa for
the Dobson instruments is checked on a monthlysbasi the equatorial station Singapore® (i, 103 E) and
using mercury and standard lamps. The standardddobs sunspot number data have been utilized to studgffeet
instrument (#112) for this region is located at thdia of QBO and solar cycle on ozone variations.
Meteorological Department, New Delhi. Comparison of
this standard instrument with all other Dobsonrinsients
are performed once every 4 - 5 years under idérgioa
conditions. In addition to this data and standamdgds of
standard instrument are circulated to all the atatiand

four Indian stations for the last two decades (981-98)
are explained with QBO in lower stratospheric zomld,
solar cycle and volcanic eruptions of ElI Chichof82
and Mt. Pinatubo, 1991 in this paper.

2. Dataanalysis

The Dobson ozone data collected for the period 1990
to 1993 over four Indian stations is compared with
TOMS (Total Ozone Mapping Spectrometer) ozone data
published by NASA and is shown in Fig. The two
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Fig. 3. Mean annual total ozone for two different perivids 1981-90 and 1991-98

ozone data sets are in good agreement. It is wixbéhat ozone variations over the Indian region. It is rsee
the average difference between two data sets isnoog¢ from the data that the ozone variations duringpbeod
than + 3%. Thus the data utilized for the present stisdy i 1981-90 are more or less same and there is nofigpeci
quite reliable. ozone trend either decreasing or increasing duitig)
decade. However results are interesting from th@éoge

The daily ozone data for the period of 18 years 1991 onwards as ozone values decreased up to 1893 a
(1981-98) is utilized to work out the monthly meaof thereafter started recovering. The ozone anom#diethe
ozone for four stations mentioned above. Thesentinhp period 1981 to 1998 are shown in Fig. 2. The ezon
ozone values were used to study the ozone vargatibm  anomalies are positive for the decade 1981-90 and
remove seasonal changes, the average total ozoradb negative for the period 1991-98. Thus it can be $aat
month has been calculated by considering 18 yedas t ozone values for the period 1991-98 are lower thase
ozone for the same month and this average ozome ¥@l  of 1981-90. This feature is seen in Fig. 3 in whiohan
subtracted from the corresponding month of the srear annual total ozone for the two periods mentiorisava is
Annual means of ozone were also calculated byzirdi plotted for comparison.

the same data.
The ozone variations in the tropics are mainly

3. Resultsand discussion controlled by QBO in lower stratospheric wind arodas
cycle. Inter-annual variability in tropical ozones i
The variations in total column ozone have been dominated by an approximate 2-year cycle, which is
studied by several research workers (Chandra andclosely linked with the QBO in zonal wind and
McPeters, 1994; Grant, 1992; Randel and Cobb, 1984) temperature in the tropical stratosphere. A strQBO
the present study an attempt has been made to studgomponent in ozone is also observed atadxbpical
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Fig. 4. Monthly total ozone anomalies and QBO (mean zuiad of 30 and 50 hPa for Singapore)

latitudes in both hemispheres. Analysis of longmte
records of global satellite data from TOMS haveadie
documented characteristics of the global QBO inucw
ozone (Bowman, 1989; Lait al., 1989; Chandra and
Stolarski, 1991; Randel and Cobb, 1994). The mesnlts
of these analyses show) Column ozone variations near
the equator<10° latitude), approximately in phase with
equatorial zonal winds near 30 hPa, aij extra-tropical
anomalies over approximately °15 6(° latitude in each
hemisphere, approximately out of phase with theital
signal. The amplitude of the column ozone QBO
anomalies is of the order 2-4% of the mean ozoneuaim
In the present study, Singapore averaged wind® cfriti
50 hPa are considered for QBO and plotted in Figjosg
with ozone anomalies for the period of 1981 to 1698
four Indian stations. It is seen from the figurattbzone at
Kodaikanal show in phase relation with QBO up 891
and thereafter this relation is not seen apparefitone
at remaining stations also show in phase relatith
some phase lag upto 1991 and thereafter this oplasi
not seen apparently. As per Schoebeirlal., (1993),
equatorial total ozone normally follows the pha$ehe
QBO in lower stratospheric equatorial winds. Durthg

easterly phase, ozone amounts are lower while gldhie
westerly phase the amounts are higher as a rektiiteo
secondary circulation associated with the QBO. Tinay
concluded that the ozone decrease in the tropltsiiog

the Pinatubo eruption amounts to a 5-6% decrease ov
climatology of easterly phase QBO years.

Changes in solar ultraviolet spectral irradiance
directly modify the production of ozone in the uppe
stratosphere (Brasseur, 1993), and hence it ionahte
to expect a solar cycle variation in ozone amounts.
Analysis of ground- based records extending ovesetto
six decades indicate the existence of a decadal sicale
variation of total ozone that is approximately ihape
with the solar cycle (Angell, 1989; Zerefesal., 1997).
The solar cycle along with the ozone anomalieh@as
in Fig. 5. Two solar minima occurred in 1985, 199&l
solar maximum occurred in 1991. Ozone at all four
stations show in phase relation with solar maxinum
do not show in phase relation in declining phassatér
cycle (solar minima). Thus ozone variations afté91
cannot be explained only with the QBO and solarecyc
and it becomes essential to include the effeeblzanic
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aerosols produced by Mt. Pinatubo eruption. Inpitesent  measured was 0.5 (Stowet al., 1992). It could have
study ozone anomalies which are negative after 198y accounted for a large fraction of the observed itap
be the combined effect of the Pinatubo eruption andozone changes in ozone (Grant, 1992). The radiation

declining phase of solar cycle. Further it is sdem perturbations induced by the aerosols is an impbrta
Fig. 4 that during 1983 ozone minima was obseroecl depletion mechanism for ozone at least at tropical
stations and this may be attributed to El Chichampton latitudes where the optical thickness of volcaractiples

of April, 1982. The Mt. Pinatubo injected larger amts has remained sufficiently high for several montfterahe
of volcanic material into the stratosphere tharCkichon. eruption (Pitari and Rizi, 1993). In fact low latie
Thus the effect of Mt. Pinatubo eruption was seen f stratosphere is the production factory of ozonenfiehere
longer period as compared to ElI Chichon eruptiome T ozone is transported towards the higher latitutleagce it
ozone minima are observed during 1992-93, 1994r86  becomes necessary to study the factors which afffect
1996. The ozone minima occurred during 1994-95 andozone production rate. In the tropics the ozoneeadse is
1996 may be the effect of solar minima however the less than the 2% following all three eruptions afufig,
ozone minimum during 1992-93 might have caused hy M 1963; El Chichon, 1982 and Mt. Pinatubo, 1991 (Ainge
Pinatubo eruption. 1997b). Ozonesonde measurements at Hilo, Hawaii
(20° N), after the eruption of Pinatubo, are compaed t
Earlier studies made to estimate the effects of Mt. measurements made there from 1985 to 1990 in doder
Pinatubo eruption on ozone showed ozone reduction oinvestigate possible volcanic effects. The geneaflire of
about 5% at mid-latitudes (Zerefes al., 1994; Coffey, Oz anomalies in 1991-92 can be summarized as love@r th
1996) and about 2% in the tropics (Angell, 1997&)e normal ozone below about 25 km and higher than abrm
chemical ozone destruction is less effective intthpics, ozone above. The net result was that total ozons wa
but lifting of low ozone concentration layers wakrosol somewhat lower than average and, during late 1923
cloud (Kinneet al., 1992) causes a fast decrease in ozoneas low as recorded in 1982, following the eruptidrEl
mixing ratio in the low latitudes. The aerosols guoed Chichon (Hofmannet al., 1993).
by heterogeneous chemistry reactions are respenfibl
changing the solar radiation fields in ways thasoal Mean annual ozone for the period 1981-90 and
contribute to reduce ozone (Michelangglal., 1989). For  annual ozone for the individual years 1991 to 1994
Mt. Pinatubo, the maximum aerosol optical depth plotted in Fig. 6. It is seen from theuiig that ozone
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values during 1991 are more than average ozone for
1981-90, however ozone values for the years 19993 1
and 1994 are lower than average ozone. It canitiehsat
ozone values started decreasing from 1992, reatied
minimum during 1993 due to Mt. Pinatubo eruptior an
then started recovering from 1994.

Mean yearly total ozone for the four Indian stasion
is averaged for the period 1981-98 to represenydaely
mean ozone over the Indian region. The deviatiohs o

PERCENTAGE DEVIATIONS OF TOTAL O, IN DU

yearly ozone from the 18 years mean ozone haea be 5]
calculated. The percentage deviations computed from : . T . .
P . . . . 1980 1985 1990 1995 2000
yearly deviations are shown in Fig. 7. This figuaso VEAR
shows that ozone deviations are more negative glurin ) o )
Fig. 7. Percentage deviations of average yearly ozoee lodian
1992-93. region

4. Condlusions (i) Mean annual ozone amounts for the period 1991-98

The highlights of the above study are as follows :  are lower than those of 1981-90.

(i) The ozone anomalies are positive for the period (iii) The contribution of QBO and solar cycle to
1981-90 and negative for the period 1991- 98. total ozone for the two different periods of 1981-&nd
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1991-98 is almost same. But the total ozone amaiants
the later period are lower. These lower amounts bay
attributed to the Mt. Pinatubo volcanic eruption.
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