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Abstract : The ozone data obtained from Nimbus-7 and Earth probe Total Ozone Mapping Spectrometer (TOMS) has been used to study the
impact of coronal mass ejection (CME) on the columnar ozone concentration in India. A comparison of columnar ozone vafiegerfosalar

proton events (SPE) observed at Srinagar indicates that although®tdar202005 SPE was the most intense in the last 15 years, the ozone depletion
was found to be maximum in the "234arch, 1991 event followed by 2@an., 2005, @ Nov., 2001, 19 Oct., 1989 and 280ct., 2003 events. A
comparison between the ozone levels observed in different Indian cities for a few days aftér the. 20005 SPE indicates that the ozone values were
found to decrease sharply at higher latitudes compared to places located in the tropics .The ozone values measured bysb@NPe®aimeter

and AURA Ozone Monitoring Instrument (OMI) were found to decrease for a short period ffbda@0ary to 25 January after which the ozone

levels started recovering to normal values. The vertical ozone profiles obtained from Microwave Limb Sounder for New RBatki tirad the ozone-

mixing ratio in the 3.0 to 10.0 hpressure range decreased consistently frofhJah., 2005 to 25Jan., 2005 and thereafter, recovered by thé 31
January, 2005.
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1. Introduction by breaking them up into forms where they react with ozone.

Large solar storms rain electrically charged particles Ca"é-éo\{vever, these mqlecules, called hydrogen oxides, last only
protons down on Earth’s atmosphere, which break up molecufdying the time period of the solar proton event. These short-
of gases like nitrogen and water vapour, and once freed, th&&in eﬁectg of hydrggen oxides can destroy up to 70 percent of
atoms react with ozone molecules and deplete the upper—lemﬁ ozone in the middle me_sosphere.-At the same time, !ong—
ozone for weeks to months thereafter[1]. The enhanced ionizatfGi™ ozone loss caused by nltrogeq oxides destroys a maximum
affects not only the ionosphere but also some of the min%frabOUt nine percent of the ozone in the upper stratosphere(2].
neutral constituents between upper stratosphere and dagkmaret al [3] usgd their two-c.jlmensmnallchemlstry and
mesopause. Odd hydrogen (HE H+OH+HQ) and odd transport atmospheric model to simulate the influence of solar
nitrogen species (NG N+NO+NQ) are produced by proton proton events (SPESs) over the 1965 to 1995 time period. They
and secondary electron impact on. \hen nitrogen gas found that extremely large particle events with huge fluxes of
molecules split apart, they create molecules, called nitrog}éﬂry high-energy protoqs occurreq mAuggst 1972 a}nd October
oxides, which last several weeks to months depending on whé?@g and caused large increases in long-livegduastituents,

they end up in the atmosphere. Once formed, the nitrogen Oxi&\ggch affected ozone for several months to years past the events.
react quickly with ozone and reduce its amounts. Whe-lHﬂIe SPE-produced N@onstituents in the upper stratosphere
atmospheric winds blow them down into the middle stratospheF@,‘used direct ozqne losses. They pred_|cted a seasonal
they can stay there for months, and continue to keep ozone g{agendence for the impact on polar ozone, with larger (smaller)

reduced level. Protons similarly affect water vapour moleculgsecreases predicted for SPEs occurmg in the fall or yvmter
(spring or summer). Verronaat al[4] studied ozone depletion
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in the northern hemisphere middle atmosphere due to threasures the ultraviolet sunlight back scattered from the clouds
October-November, 2003 solar proton events. They observedthe ground to measure the total ozone amount.

an mcregse n Npconcentraﬂon_ by several hundred percent The variation in columnar ozone values determined from
and a simultaneous decrease in ozone by tens of percent

saéftellite-based TOMS data is supported with ground-based

. . 0 .
altitudes above 36 km. The maximum effect, a 60% redUCt'oné%%ne data measured with Dobson Spectrometer at Téi.

o:ton(:hat 42|km‘ w?s obser\:eifT the egd of Nox;e:nber, a mOB]Eo son Spectrometer is widely used for measuring the total
ater the so arg)zo on svetg ' jrv}/?; S a pei]r |ale:::co;/ery 8blumnar ozone content in the atmosphere. It uses the fact that
ozone occurred towards the end of the year. Jaclkmal{s] since ozone has a series of bands in the ultraviolet absorption

studied the impact of solar storms in October—November, 2Oggectrum, by measuring the solar ultraviolet radiation transmitted

on the middle atmospheric polar cap regions. to the surface at several pairs of wavelength’s, one close to an
They observed that the highly energetic protons associatdssorption maxima, and one away from it, the total columnar

with the SPEs produced ionizations, excitations, dissociatiormzone content can be calculated.

and dissociative ionizations of the background constituents

which led to the production of odd hydrogen (ji@nd odd Monitoring Instrument (OMI) and vertical ozone profiles

nitrogen (NQ) which was observed by the UARS / HAI‘OEmeasured by Microwave Limb Sounder (MLS) have been

mstrgment o increase over 20 ppbv throughout the SOUthEf)rtr)]tained through GES-DISC Interactive Online Visualization and
hemisphere polar lower mesosphere. The NOAA 16 SBUV

. i . /gnalysis Infrastructure (Giovanni).
instrument measured a short-term ozone depletion of 40% in the

southern hemisphere polar lower mesosphere, which was Ozone Monitoring Instrument (OMI) monitors the recovery
probably due to an increase in HGBUV / 2 observations of the stratospheric ozone layer. It measures both ultraviolet
showed ozone depletion of about 5-8% in the southern pogiid visible radiation and provides daily high-resolution global
upper stratosphere lasting for days beyond the event, whit¥ps and profiles of ozone. MLS is a microwave sensor, which
was attributed to enhancement in NThe Goddard Space Flight is able to measure trace gases inside the clouds. It focuses on
Center two-dimensional model predicted long-term northethe upper troposphere and stratosphere, measuring microwave
hemisphere polar total ozone decrease greater than 0.5% toRéiation emitted by ozone, chlorine compounds and many other
for over 8 months past the events. They concluded that althoutfes gases.

the production of NQ constituents is the same in both ) )

hemispheres, the N@onstituents have a much larger impact ir?- Results and discussion

the northern than the southern polar latitudes because of Kigomparison of columnar ozone obtained from Nimbus- 7 and
seasonal differences between the two hemispheres. Betwgepy,. probe TOMS for three to six consecutive days after
January 18and 19, 2005, four powerful solar flares eruptedgifferent SPE events observed at Srinagar (34 N, 74.8 E) is shown

from sunspot 720. Then on January 20, the fifth explosiGh Figure1.1t is observed that although thé 2@n., 2005 SPE
produced a coronal mass ejection (CME) that achieved velocities

incomparably greater than anything astronomers had seen
before. While it generally takes more than 24 hdarsthe
charged particles of a solar outburst to reach the earth, this one
was a profound exception. Just thirty minutes after the explosion,
Earth (some 96 million miles away from the sun) was immersed in
what NASA scientists called the most intense proton storm in 3
decades. The solar energetic particle event of January 20, 2005 ¢
has been the most intense in 15 years, with a greater than100 §
MeV proton intensity comparable to that of the October, 1989
event [6-8].This event was also the largest ground-level neutron
monitor event in many years, providing evidence that protons
were accelerated to energies of several GeV [9].

" The total columnar ozone values obtained from AURA Ozone
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2. Dataand analysis 220

The ozone data obtained from Nimbus-7 and Earth probe Total 200 ; . . .
Ozone Mapping Spectrometer (TOMS) for the years 1989 -2005 1 2 3 4 5 6

has been used to study the impact of CME on the columnar Day Number.

ozone in India. TOMS is a source of high-resolution globaigure 1. Comparison of columnar ozone for three to six consecutive
information about the total ozone content of the atmospheredgys in different SPE's observed at Srinagar.
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was the most intense in the last 15 years, with >100 MeV protoxides, which can affect ozone through the i@ HQ catalytic
intensity comparable to that of the October, 1989 event, thgcles.

ozone depletion was found to be maximum in thié [2arch, The decrease in ozone values using TOMS data was
1991 event followed by Z0Jan., ZOQS,tElNov +2001, 190ct,, observed for a short period from'20anuary to 25 January
1989 and 280ct., 2003 events. This may be because a volcanige hich the ozone levels started recovering to normal values
eruption Hekla was reported in Iceland on théJahuary, 1991. (gjgure 2). Similar results were observed for ground based
The eruption cloud was north of the terminator in the polafyymnar 0zone values measured with Dobson spectrometer at
night region for the first few days of atmospheric residence, apgh|ni from 19 January to 28January (Figure 3). These effects

then it moved south across Russia and was detected by TOME short-lived because the hydrogen oxides which cause the
near the Black Sea. Volcanic eruptions are potential sourcesy@fnary ozone loss recombine within hours.

SO,, HCL, BrO and HO in the lower stratosphere. Séitted

from the volcanoes gets converted intp30, and condenses 330

into small aerosol particles in the stratosphere. These aerosol

clouds provide an increased scope for heterophase chemistry 3 310

and enhanced ozone depletion. Volcanic particles generally take g

two or three years to settle out of the stratosphere. The large g

depletion in ozone levels observed after th€ Rarch, 1991 8 290 |

SPE may be due to the combined effects of the Hekla volcanic §

eruption in Iceland and SPE. © S
270 , , , , , , , , ,

A comparison of ozone values for different Indian cities 19 20 21 22 23 24 25 26 27 28
after the 2@ January, 2005 SPE indicated that the observed Day of January 2005

decrease in ozone values was found to vary with latitude. Thgure 3. Columnar ozone recorded at Delhi using Dobson Spectrometer
ozone values were found to decrease sharply at places situdted 19th to 28th January, 2005.

at higher latitudes like Srinagar and Delhi (First solid line and

first dotted line respectively in Figure 2) compared to places An examination of total columnar ozone values obtained
located in the tropics like Rajkot, Trivandrum and Hyderabalio™ AURA Ozone Monitoring Instrument (OMI) indicates that
(Second, third and fourth solid lines respectively in Figure 21€ 0zone levels in northern and central India on tH2z%

This is because solar storms lead to ejection of large amounggpuary, 2005 were lower by about 20 to 30 Dobson units
high-energy protons that can penetrate the Earth’s magn&;gnpared to 20/215t January, 2005.The ozone levels thereafter
field near the poles. These protons penetrate into the atmosph@i@/ted recovering gradually around th& 881 January, 2005

(40 to 80 km layer) causing ionization of air molecules. As tH&igure 4).The recovery in ozone levels was observed to be
ionized particles recombine, they produce nitrogen and hydrog@sgter in northern India, compared to central India.

—X=— 20/21 Jan., 2005 —A—— 24/25 Jan., 2005
- Srinagar (34N, 74.8E) - Delhi (28.5 N, 77.3 E)

s+ Rajkot (22.3 N, 70.8 E) x  Hyderabad (17.5N, 78.5E) wemeQuesaes 30/31 Jan., 2005
X Trivandrum (8.5 N, 77E) 350
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x 3 = Figure 4. Columnar ozone values for Indian latitudes obtained from
230 : : r : ‘ AURA Ozone Monitoring Instrument for Jan., 2005.
20 22 24 26 28 30
Days of January 2005 NO | is the most important destroyer of ozone in the 25-45 km
Figure 2. Columnar ozone measured by TOMS over different Indiar?'lt'tUde region. Inthe Nx@yde' the radical that deStroyS ozone
cities from 20th to 31st January, 2005 is NO.
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The catalytic cycle is interference of the N(onstituents with the halogen loss cycles
NO +0,—~NO,+0, for ozone destruction might have actually led to some ozone
NO,+0—>NO+0, production in the 15 to 25 hPa pressure range (approximately 27

t029 km altitude range) on the®®&nd 26" January. Jackman et
NET:Q, + 0 — 20, al [3] observed similar results in their two-dimensional chemistry

This process is catalytic since NO initiates ozone destructilaﬂd transport atmospheri-c model. Since the solar proton event
process, but is regenerated, so that no net consumption of i§dound to deplete very little total ozone for a short period in
occurs. In the hydrogen cycle, the radical which destroys ozomedia, its negative impacts on humans will be very little.

is the Hydroxyl radical OH. )
4. Conclusions
The catalytic reaction is: ] ]
Ozone data obtained from Nimbus- 7 and Earth- probe TOMS

OH+0;—HO,+ 0, for the years 1989 - 2005 has been used to study the impact of
HO,+O0—0OH+O0,, CME on the columnar ozone in India. A comparison of columnar
NET: Q,+ 0— 20, ozone for different SPE observed at Srinagar |nd|$:ates th'at
although the 20Jan., 2005 SPE event was the most intense in
Other members of the HBamily which destroy ozone are H e |ast 15 years, the ozone depletion was found to be maximum
and HO, in the 234 March, 1991 event followed by $@an., 2005, &
H+0,— OH+0,, Nov., 2001, 1% Oct., 1989 and 280ct., 2003 events. The

observed decrease in ozone values during the SPE was found
to vary with latitude. The ozone values were found to decrease
sharply at higher latitudes compared to places located in the
tropics. The decrease in ozone values was observed for a short
period of about 5 days, after which the ozone levels started
OH+0O,—HO, + 0, recovering to normal values.

NET: Q,+ 0 — 20,

OH+0—H+0,
NET: O, + 0 —20,

HO, +O — OH + O,
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