
RBLATIONSHIP OF THE ANTARCTIC OZONE HOLB WITH INDIA
AND OTHER REGIOI{S IN THE NORTHERN AI{D SOUTHERN

HBMISPHBRBS AS DBTBRMINED FROM DOBSON DATA

Il. P. Kanc

A stucly of'thc ulonthly valucs of'totalozonc in thc lndiarr rcgion inclicatcd long-
tcnn trcncls gcncrally lcss than 5Yo itt 13 ycars ll9TT - 1 989) arrcl solar cyc lc cf'f-ects
also lcss tharr 50lo (solar tttaxinlunl to solar nlininrunr).'l'lrc quasitricrrnial oscilla-
tion (QBO) rvas at tinrcs as largc as l0%. Sinlt¡ltarrct'rusly rvitlr thc Antarctic ozonc
clc¡"rlctiort r'¡l'-45o/o in Octotrcr 1987. thc lncliarl rcgiort shorvccl l0-l5yo clcplctions
in Novcnrbcr ancl [)cccnlbcr 1987. I)c¡rlctit-rls rvcrc obscrvccl at othcr latituclcs
arrcl lorrgituclcs also. llorvcvcr. thc pcrccrrta-uc clcplctions in lorv latituclcs sccnl to
bc snrallcr than tltosc at nliclcllc lntituclcs in lroth Soutllcrn ancl Northcnl Ilcnli-
s¡rltcrcs.'l'hc chartgcs otrscrvccl irr thc Northcrn lleurispllcrc at lrigh latitudcs arc
tttost probably rrot lclatcclto thc Antarctic ozonc dcplction lrut arc, illstcacl, causccl
by rvintcr ¡rlanctary \vavcs. llorvcvcr, lorv latituclcs, cvcrì irr thc Nortlrcnl Ilcnli-
sphcrc rnay lravc sonlc cf'f'cct clf'tlrc Antarctic ozonc hrllc.

Kcy rvords: An(arclic; Stratosphcric ozonc.

tìIiLACIONAMENTO DO IìUIIACO DIi OZONIO DA ANTÁIìTICA COM A iN-
I)IA II OUTIIAS IIIIGIÕES NOS IIIÌMISFÉRIOS NOIìTIì Iì SUL, OIìSEIIVADO
IIM DADOS DOIìSON Unt a,sltrlo dt¡:; t'ttlt¡ra:; tttcu:;rti:; rla r¡:ôttit¡ lt¡lttl tttt rcgiîio
ittdiontt ittdic'rttt latrclêttc'itt,s da lottgo ¡tru:o tnattora.\ do qtta 5(%¡ ant l3 ttno:; ( 1977-
Ir)89) a e/Þitos do c'ic'lo.sttlur tttnl¡út,t tnauora,\ tlo t¡tra 5%, (rrtú.rintr¡:;olttr tt ntítti-
rrto :;olttr). A O.sciluç'îio Qtttrse-bianul (QllO) .foi, prtr ì'c?;c.\', da uté l0'%.
,\intttllûttautnculc c'ottt rt dc¡tlaç'ífut tlc t¡:ôttir¡ tttt /ttlúrlic'tt tlc -15%, ent t¡tttttltro dc
l987, tt t'rtgião ittdiuutt tnoslr(t daplaç'õas dc l0- 1 5'%, t'tn ttr¡t'c,ntl¡t't¡ a tla:atttbrt¡ tla
1987.'lhnthént,/irunt t¡lt:;arvtultt:; dapleç'õc'.s (nt ottlru,t lutiltttlc:; a ltntgitudc,s. Iirr-

lratuttl(), os l)(rc'cnlu(ri:; da da¡tlcç'íia:; attt hrti.ru.t lutittula:; ¡ttrrcc'cttt:;ar ntattt¡ra.s do
qtte trr¡uala.s ant lutitudas tttëdius attt ttntbos os IIanti:;.fërios,,\ul a Nt¡rlc. A.s turiu-
ç'õc,s olt:;arvtttltt.r uo Ilcntisfório Nt¡rla cttt loliludc:; ttltu.s ttîir¡.sãt¡ rclucir¡uutlu.s ìt
da¡tlaç'ão dc t¡:ôuit¡ nu,4nlúrtic'(t. nt(t.\,sät¡ c'tttt:;ttrltt,t por t¡tttltt,s ¡tluttalúrius dc
ittvarno. Iluì.ru.ç lulitudc.s, ttlë ut¡ IIanri:;fërio Nortc, ¡xxlant tcr ttlgunt a.fÞito do
ltttruc't¡ tle o:ôttit¡ tltt Aulúrtit'tt.
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INTRODUCTION

'fhc ozonc lcvcl in lhc Antarctic stratosphcrc has bcen

clecrcasing sincc 197(r (l''arntan ct al., 198-5). At I lallcy tlay

(76"3,27'W), thc Octobcr valucs clccrcascd f rolll'.300 I).lJ.

in 197(r to - 200 D.tJ. in l9{ì5. Sinrilar changes wcrc rc-

portcd fbl Syorva ((r9'S,39"1:) arrcl fbr Sotrth Polc

(Cìhubachi ancl I(a.l irvara, l9tl(r; Korllryr ct al., 1986;

Bo.ikov, 198(ra,b). Mcasurcllcltts [r1, 111. ¡tolar orbitling

Nirnbus satcllitc sltorvcd similar clccrcascs (Stolarski ct al.,

198(r) in thc Antarctic rcgion attcl thc cle pletion rvas ntostly

con finccl to 0-30"W longituclcs (Clrandra & McPe tcrs, I 9[ì6),

Sahai ct al. (l9tt7) shorvccl that thc clcplction clicl not sccrrr

to cxtcnd to lorvcr latitudcs in thc Sotrth Atncrican rcgioll.

ln Octobcr l9tì(r, thc ozonc lcvcl rccovcrccl to --15-30%r

abovc thc Octobcr l9[ì5 lcvcl. Ilorvcvcr, in Oc(obcr l9tì7,

thclc rvas scvcrc clc¡tlctiort again ancl thc Antarctic tlzt'rllc

lcvcl clro¡.1¡rccl bclorv thc Oclobcr l9tl-5 lcvcl.
'l-hc causc ol'thc Alttarctic oztttrc clcplction scctlls no\v

to bc rvcll-cstablishccl, viz. halogcn chcnristry (z\lrclersolr

ct al., 199 l). Iìcgarcling tlrc cxtcltsion tll'thc Arltarctic ozollc

"holc" to lorvcr latittrcles, a thrcc-clintcnsional chcnlical

transllort rnoclcl lìlr thc slratoslthcrc rvith lillcarizccl chclll-

istly (l)rathcr'& .lal'f c, 1990; l)rathcr ct al., 1990) inclicatcd

that nlcast¡rablc clcct'cascs (e xcccding l'2,) shoulcl bc ob-

scrvablc up lo 30"S in at¡stlal stlltltllcr. Satcllitc obscrva-

tions dicl sltorv a clctcctablc clccline itr colt¡llln tlzotrc

tlrrotrglrotrt thc 1'car fionl lhc Anlarctic as lar as 50"S

(l(rucgcr ct al., 1988). Fronr grottncl-basccl I)obson spcc-

trollhotonrctcrs, Atki¡lsorl ct al. ( 1989) rcportccl that clt¡r-

ing Dcc. 7-15, l9tÌ7, thc ozonc levcl ill At¡stralia and Nov

Zcalancl clccrcasccl by scvcral lcns ol'D.[J. (--:i094) ancl thc

satcllitc l'OMS clata lìrr tlrc corrcspotrclirrg pcriod sllotvccl

that lhc clccreasc extcnclccl Lrp lo -3OnS. Itt a rcccttt colll-

rnr¡nication (l(anc, 199 l), it rvas shorvlt lì'onr Ittorrthly val-

r¡es lhat lhc -45o1' Alrlarctic ozonc clcplc(ion in Octobcr

l9tì7 (conrparccl lo Octobcr 1911) had a corrcsponcling

dccrcasc of'^- l0%, at Buctlos Aircs (35"S, 59"W) ancl only

-(l-2)nl, at Cachocira PaL¡lista (23"S, 4-5"W), Natal ((r"S,

35"W) ancl Iluancayo ( l2'S, 7-5"W) in thc Sotrth Anlcricall

rcgion. Whcn clata fbr incliviclual clays in Octobcr, Novcltr-

bcr, Dccenlbcr l9tl7 rvcrc cxalltincd, all thcsc Sotltll Alllcl i-

can lorv latitt¡clc locatiolls sllorvcd clccrcascs lionl Oclotlcr'

to [)cce nrbcr'. IJut a lalgc ¡tart of'thcsc clccrcascs rvas clttc

to nornral scasotral variations ancl, allorvirrg lìrr thc salttc,

thc nct clccrcasc rvas alnlost zcro at all thcsc lclcatiotts cx-

ccpt at llttancayo. rvhcrc a nct resicltral clcplction ttl' -5(X,

lìclltiorrship of'thc Ântitrctic ( )zollc I lolc

\vas secn during f)ccclnbcr 1987. lncidcrrtally, thc clcplc-

lions in thc Australian rcgiorr rvcrc alst:r partly cluc to llor-

nlalscasonal vat'iations, so that lhc nct rcsiclual clcplctions

rvcrc only ' l\tY<t at Mclbotrrnc (37'S. 145"1ì) and '50Á al

Pcrth (32"S, I l(r"D) in thc lattcr half ol'Dccenrbcr 1987

ancl vcry snlall at Blisbane (27'S, l-53"11).

'l'hc 
I ntcrnat iollal Ozonc'l-rcncls Pancl lìcport ( tJN DP-

WMO, l9tl9) concltrclccl that llrc I)obson clata in tlopics,

subtropics ancl Sotltllcrn llentis¡lhcrc wcrc llot aclcqttatc tt'r

clctcr¡linc lrcncls. Sitlcc thcn, Ilo.ikov ct al. ( l98tì) conlparccl

grouncl-basccl l)obson clala rvith 'l'OMS Ninlbt¡s 7 satcllitc

clata ancl iclcntiliccl tltore lhan 20 stations having cxccss vari-

ability arrcl allothct' clozcn having long-tcrnt clrills ancl/or

sr¡clclcn chanscs. Ilo.¡kov ct al. ( 1990) prcscntccl a trcnd analy-

sis fbr rcvisccl l)obson clata; btrt stations in Illclia \vcrc Ilot

consiclcrccl, probably bccat¡sc thcse data lvcrc considcrccl

tunrcliablc. WMO ( l99l) & Stolarski ct al. ( 1992) rcportccl

trcncl analysis lìrt' scvcral inclividtral locations. But, fionl

lrrclia, only cla(a lbr Ahrncclabacl rvcrc ttsccl. ln this cottlllltt-

nication, u,c exanlinc in clctailthc ozollc lcvcl in thc Illclian

rcgion ( l0"N-3-5"N. 74"1:-tl3"lr) ancl contparc thc rcst¡lts rvith

thosc at othcr latitrrclcs artcl Iotrgittrclcs, altcl chcck rvhcthcr

thc lnclian clata are rcally ulrrcliablc.

MONTIILY MEAN OZONE FIIOM 1977TO 1989

Irig. I slrorvs a plot ol'ntonthly tltcalt valttcs ol'total

ozonc at thc Arttarctic locations (a) SoLrth I)olc alld (b) Syotva

ancl lbr thc Inclian locations (c) Koclaikanal, (cl) I)oona, (c)

Varanasi (l) Ncrv I)cllri ancl (g) Srrnagar in tltc llot'tltcrtl ltclni-

splrcrc. Iior lhc Antarctic locatiolls, tlrc spring (Scpt.-Oct.)

valucs clro¡r¡rccl slcaclily lionr 1977 to l9tÌ4, rnorc rapiclly in

l9tì-5. partly rccovcrins in l9tì(r, clccrcasittg largcly irl I 9tì7,

lccovcring consiclcrably in 198[ì altcl clropping agailr in 1989.

l:or thc Indian locations, thcrc is a scasonal variation ol'^( l0-

l-5)%r riìngc rvilh nlaxinla in latc spring attd st¡llrtllcr atlcl

rnininra in rvintcr. Ilorvcver. ncitllcr thc lllaxillla nor thc

rnininla secnl lo inclicatc a stcacly clcclinc, cxccllt a tìoticc-

ably lorv valuc lbr [)cccnlbcr l9tì7.-l-o bring out thc trcncls

in rrronthly valt¡cs Illorc clcarly, Iìig.2 shorvs a plot ol'

rlonthly valucs sc¡raratcly (.lan., lìcb. ctc.) lìlr total ozollc at

Srinagcr.'l'lrc to¡r ctrrvc (clashcs) shorvs thc allnt¡al sr¡tlspot

nunltrcrs. 'l'o cslinratc thc lillcar trcncl arlcl sttttspot cyclc cl'-

lcct sinrrrltancousl¡,, a rlultiltlc rcgrcssion analysis \\/its car-

riccl or¡t usirtg a lìllnttllatiort of'thc ty¡.lc:

y -4,, lA,x 1A.z tl'-rror

/?¿'r,i,s/r¿ llrusiIcirtt tlt' ( ìatli,sit'tt, l'oL l 2(2 ), I t)t)J



\vhcrc y = ozonc, 4,,: cotlstiìnt basc lcvcl of' ozotlc, x -
ycars, z : sunspot ¡tulllbcr, A, : ozotrc changc pcr ycar', A,:
ozc'rnc clrange pcr sullspol. Irr [rig. 2, thc ¡rcrccntagc lincar

changcs in l3 ycals givcn by (1300 Ar/4,,) arc inclicatcd f'or

cvcry nronth. 
-fltcsc 

arc also listccl ill'l-ablc I rvhcrc tlrc pcr-
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Figurc I - I)lots of'tltc nlonthly vnlucs of'totitl tlztlttc fiottt

1917 to 1989 fbr (a) South I']olc, (b) Syorva in tltc
Antarctic rcgion ancl thc lndian stations (c) Koclaikanal.

(cl) Poona, (c)Valanasi, (f) Nov Dclhiand (g) Srinagar..l

-.lanuary, Ir - lìcbruary, M: March, A: April, MY:
May, JN - .lt¡trc,.ll, -.luly, AtJ: Atrgust, S-= Scptcnrbcr,

O .- Octobcr', N : Novcrnbcr, f) * Dcccnlbcr. 'l'lrc right

siclc vcrticalscalc shorvs ozonc vatiations its llcrcctltagcs
o l' tlrc I 911-l8 lcvcl.

119

ccntagc solar cyclc cllòcls l'or a suns¡tot rangc 142 (ntaxi-
nlullr l5-5 in 1979,nlinirlru¡lr l3 in l9tÌ(r)otrtainccJas(14200

A2lAo) arc also listcd. In acldition, estintatcs of. thc r¡¡¿r.ri-

lrrll QIIO (Quasibicnnial oscillation, pcrccntagc clrangc

liortr ¡tcak to trough) alìcr corrccting f'or long-tcnll trctld
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,/uncirt¡, ['-: lìevc'rairo, /r'l - A'lut'ç't¡, A: Ahril, A4Y = Aluit¡,

,lN - ./unht¡, ./1. : ./ulho, lLl : Agt¡.tlo, S : Satamht'r¡, () =
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Figurc 2 - I)lots fìlr 1977-tÌ9 lbr annual sunspot lltttllbcrs

(top plot) arrcl rrronthly nlcan valucs of ozonc at Srinagar,

lnclia, l'or dif'l'crcnt nrontlts and l'or thc ycally avcragc (bottorl

plot). -l-lrc claslicd lirtcs lcprcsctrt thc long-ternl lincar trcncls

and thc nunlbcrs inclicatc pcrccntagc changc in l3 ¡,cars

( r e77-8e).
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and solar cyclc cflccts arc also givcn in Tablc l. As can bc

sccn. thc lincar trcnds shorv in l3 r'cars -l-31Z¡ dcclinc for

Kodaikanal and Poona. -l-5ol' dcclinc for Vtranasi and N.

Dclhi and -3-l(0tZ¡ dcclinc for Srinagar. though thc Dcccm-

bcr valucs for Srinagar arc oftcn missittg. Also. statistical

crrors arc largc. T:rblc 2 lists thc ¿icc adal rrcnds during I 977-

119 for thc lndian stations for u'intcr (Dcc.-March), sunrmcr

(Mav-August) and for u'holc vcar. For comparison. sintilar

I'alucs obtaincd bl' WMO (1991) and b¡' Stolarski ct al.

(1992) for Ahmcdabad and for thc tropical rcgion (30"N-

l-l"S) arc also givcn. For Srinagar (34"N). thc trcnds arc

signihcantll' ncgativc and thc valucs (-3 to -5%,) arc compa-

rablc to thosc o[ somc of thc mid latitudc stations in Eu-

T¿rblc I - Estinlatcs o[ pcrccntagc lincar trcnds during
(1977-tl9), pcrccntagc solar cl,clc cffccts (pcak to trough.
l -12 sunspots) and pcrccntagc QBO (pcak to trough. largcst
valuc, l.rot â\'cragc r,aluc) at r,arious locations lor diffcrcnt
nronths and lor thc annual avcragcs.

lfll

ropc. At Ncw Dclhi and Vrranasi. thc trcnds arc slightly
rrcgativc (-21'lt).but not statisticallr,signiñcant at a 2o lq,cl.
At locations ncar cquator, thc trcnds arc almost zcro, in
agrccncnt n'ith WMO (1991) and Stolarski ct al. (1992).

Thus, thc Indian data ntay not bc as unrcliablc as WMO
assumcd and sccm to shorv trcnds appropriatc to thcir lati-
tudcs. Thc total solar o'clc cffcct is small (lcss than --5%r

lor a 142 surìspot rangc). Thc QBO rangc is highlv vari-
ablc. QBO sccms to bc prcscnt in sonlc vcars and almost

abscnt in somc othcr tcars but can bc occasionalh'as largc

¿ls l0(Zr. Tltc at,erag,c lalucs l'ould bc in thc rangc l-5%r,

samc as thosc rcportcd by Zcrcfos ct al. (1992) for lorv to

high latitudcs.

'l'uhcla I - listitttolit,as tlc pcrce nlagens de tlc.rit'o lincar du'
ranlc (1977-89), pe rccnlagens tlc cfbito cla ciclo 
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Ozone Dccadal trcntls in lndi¿r (1977-89)

Tablc 2 - Ozonc clccaclal trcncls in Inclia ( 1977-ll9).

'lithclu 2 - Dct'it'tt tlt'tlt': ttttt¡,ç tltt t¡t)ttitt tttt itttlitt ( t977-Sq)

OZONIì VAIIIATIONS DTIIìIN(; OCT.-I)EC. I987

'l'o strrcly thc spccil'ic cl'f.:ct ol'lltc ozottc holc itt thc

Antarctic cluring Oct.-l)cc. l9l'ì7, I:ig. 3 shorvs a plot of'claily

valLrcs ol'total ozonc. As shorvtt i¡l lhc bottotrl part, thc ozonc

lcvcl in Octobcr clro¡r¡rccl to 150 D.tJ. in thc Alltalctic lc-

gion ancl lcnlaincd lorv ahrost up to tlìc ntidclle ol'Novcnt-

bcr. Whcrcas South I'olc shotvs allltost stcacly lcvcls, Syorva

shon,s larsc variations irrclicating that the ozotlc holc clicl not

cxtcncl up to Syorva all thc tillc. []y Novcrnbe t'cncl, rccovcry

startccl ancl rvas conr¡rlctc by nticl-[)cccrntrcr. Iror the lllclian

locations, tllc lìrll trianglcs (joinccl by clashcs) rellrcscnt tlìc

¡rrc-ozonc-holc scasonal variations obtainccl as avcragc

rrontlrll, valucs lìrr at"lottt 7 y,cars ltrior to l9ll5. 'l-hc stanclarcl

clcviatio¡l of'thcsc nrcans is about tltc lrcigltt ol'tlrc triattglcs

(o .- t2'\t). -l'hc thick lirtcs rcprcscnt -5-clay ¿ìvcraqcs. Âs catr

bc sccn. all locations c\ccllt I(oclaikanal shorv largc

clcprcssions (5-10%,) in rnicl-Novcnttrcr allcl all locations

shorv largc clc¡rrcssions (-5- I 59{,) in thc lìrst hall'of'l)cccntbcr

fìlr Koclaikanal ancl l)oona ancl in altnost rt'holc of'[)cccrllbcr

lìrr thc othcr locations. cvctt alìcr allorving lìlr thc scasonal

variations.'l'llis rcsr¡lt is vcry sur¡rlisirru illdcccl as tlìcsc

rnagnituclcs lìrr thcsc locations in thc Northcrrt I Ictttislthcrc

arc larscr lllan those lìlr Australiart locations in thc Sotrthcrn

Ilcnris¡rhcrc shorvn in lìig. 4 rvlrcrc clcpt'cssiorts iuc scclt itt

cally Novcnrbcr also. llcre again, as also in Iriss. 5. (r. 7, thc

stanclarcl clcviations ol'tlrc nlcans arc cqual to tlrc hcight ol'

tlrc tlianglcs (o " t2ol,). I:or At¡stralia atrcl Ncn, Zcalanrl,

Atkinson ct al. ( I<)89) rc¡rortccl a dccrcasc of'scvcral tuls ol'

l{clltiunship ol'f hc 
^ntarctic 

Ozonc I lolc

D.lJ. (- 30ol)) during Dcc. I l-12, l9tl7. As catr bc sccn lì'onr

Iiig.4. a largc ¡rart ol'thc i0'Zn clccrcasc irr Dccenlbcr is dt¡c

to thc 20%, scasorral variation (fìrll trianglc), lcaving, thtrs.

only a fbrv pcrccnt as probablc ozttnc holc cll'cct. I lorvcvcr,

Atkinson ct al. ( 1989) conlìr'nrcd this decrcasc liom 'l'OMS

data, rvhich shorved tlrat (hc cl'fòct could cxtcnd up to 30"S

ancl also condL¡ctcd a tra.jcctoly analysis. Our I:ig. 3 shorvs

sirnilal clc¡rrcssions, but rvith largcr ncgativc rnagnitudcs ancl

it is tcnrpting (o clainr lhat thc Antarctic ozonc holc cfl'cct

cxtcndcd riglrt up (o Slinagar. l lorvcvcr, this rcsult llccds to

bc considcrccl rvith grcat caution. Irirstly, thcsc lluctuations

coulcl bc natural variations drivcrr by rlirlcl planctary wavcs

(one coulcl not raisc thc sanrc clor¡bt fìrr Irig.4 as thcrc, Oct.-

I)cc. arc .\uüncr nronlhs!). Scconclly, as sccn in Irig. I, cven

hc/itt't'Ihc Antarctic ozonc holc. i.c. in | 979-1982, thc Nov.,

[)cc...lan. valtrcs at thc lnclia¡l klcations arc lorv, altltost trvtl

nronlhs alicl thc natt¡ral atrstlal s¡tring (Scpt. Oct.) lorv in thc

Antarctic. 'l'hus. tltis nray [re indicativc ol'a natt¡ral dyrranric

rclationship lrctrvce n thc trvo. ttltcotlttcctccl rvith tltc Antarc-

tic ozonc holc lhat clcve lopcd ill latcr )/cal's. 
'l'htts. rvhcrcas

thc rclationshi¡r lrctrvcen thc Nov. I)cc. l9tl7 clc¡trcssitltts at

Inclian locati<lns ancl thc l9tì7 Antarctic ozonc ltolc cotrlcl

bc bccarrsc ol' othcr rcasons, a ¡rrotratrlc rclationship rvilh

Antarctic ozonc Ilolc shorrlcl lrc consiclcrccl as all ol)ct] clttcs-

tion. (o be stucliccl fìrrthcr in rrtorc clctails.

lrig. 5 slrorvs sirnilar ¡rlots fìrr scvct'al othcr lorv Ia(i-

ttrdc stations it"t lhc Nt¡rtltcln Ilcntisphcrc. 'l-he right-hancl

scalc is pcrccntagc ( 100'Zr "' Octobcr lcvcl). Station nanlcs

arc abovc tllc 100'2, linc ancl gcographic coorcliltatcs arc

bclorv thc 100%, linc. In thc lìr-castcnr scclot', Manila
( l4'N), Nalra (2(r"N) ancl l(agoshirna (3 l"N) sltorv clcprcs-

sions ol"-l0%, in latc Novcnrtrcr, but 'l'atcno (3(r"N) clocs

not shorv any sirlilal clc¡rrcssion. OIr thc othcr hand,

I(agoshirla sllorvs anothcr clc¡rrcssiort of' . I0'X, by I)cccttt-

bcr cncl ancl 'l'atcno also shorvs a sinrilar clcprcssiorr. If it is
asstrnrccl (hat isolatccl ¡rarccls ol'ozonc-¡'rour air fionl thc

Antarctic nlovccl slorvly northrvarcls ancl cxtcttclccl up to
nriclclle latitr¡clcs i¡l thc north in thc lìtr-castcrtt scctor. thcsc

parccls sccrìl to ltavc nlissccl Sirrgaporc ( l"N. l40"ll). IIorv-

cvcr, it nlay as rvcll lrc that all tllcsc arc clrivcn b¡, rvintcr

¡rlanctary rvavcs ancl arc utrrclatccl (o Alltarctic ozonc holc.

Irr I:ig. -5, thc sixth plot is lbr Quctta, I)akistan (30"N,

(r7"1:), at a latiluclc sirnilar to Ncrv I)clhi. lnclia but aboL¡t 10"

rvcst. A sruall clcprcssion ol'- tl(X, is sccn at tltc cnd of Dc-

ccrn ["rcr at Qtrctta. I I'thc cl I cct is cluc to ozonc-¡.loor air ¡rarccls,
thc air ¡rarccl ¡rassing ovcr Illclia clicl not cxtcncl nluch rvcstrvarcl

in I)akistan.'l'his is also indicatccl by thc plots ol'Mahc (4"S,

55"1:) (top ¡rlot in lrig. l0), rvlrcrc no clc¡rrcssions arc sccn.

Âgain. all tllcsc cottlcl bc ¡rlanctar¡, rvavc pltcttorttctta.

llL't'islu llttt.silcirtt tlt' ( ìt'ofi:;ittr. I't¡l I 2t 2). I ()91

l.itt. I )cc.-lVliu ch Ma¡-,AugLtst Ye'¿u.rtxrnrl

Srinagiu' 3+N -5.5 r,2.5 -3.Lt\.7 -.1. j r, L5
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NOVEMBER

Figurc 3 - Plots of claily values of total ozone fbr thc 3

nronths Octobcr, Novenrber, Dccentber, I987 f'or'

Srinagar, New Delhi, Varanasi, Poona and Kodaikanal in

India and South Pole (crosscs) and Syowa (lìrll lines) in
thc Antarctic. 'fhc thick lincs lepresent -5-day averagcs.
'fhe tliangles.joincd by clashed Iincs reprcsent avcragc
values I'or October, Novenlbcr and Dócember, obtained
fi'onl data fbr atrout 7 ycars prior to 198-5.
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Figuru 3 - Grti/ico clc vctlorcs ditirios clc trôttio tolul ¡tura
o:; !rc.s mesc,s cle oulubro, novcmbro c dezcml¡rt¡ cla 1987
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()s tt'iungulos ligttdos com us linhus quchruclus rc¡tre'sen-

!um t¡uli¡rc,s clu.s néclitts ¡turu oulubrt¡, ttt¡ttcmbro e dezcnt-

l'trr¡ t¡blitlos dc clutlo,s clc sctc cttlos unlcs ¿lc l9lJ5.
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ln Fig. 5, thc plots fbr nriddlc-cast (Cairo and Asrvan)

show rro largc dc¡rrcssions, only srrrall dcprcssions of --5%n

in latc Novcnlbcr. At Mexico City (19"N. 99'W), clata arc

insufïcicnt. bLrt rro clcprcssion is inclicatcd. At Mar¡na l.oa

(20'N, l5(r'W). a clc¡rrcssiorr ol' -.tì% by Dcccrlbo' encl is

indicatcd. Il'thcsc arc Antarctic ozonc lrolc cfìècts, grcat

lorrgitudinal dif'f'crcnces r.vould bc indicatcd. Morc likcly.
tltese rvoulcl bc dilfclcnt ¡rlanetary rvavc cflòcts.

Fig. 6 shorvs sirnilar plots lbr /orl latitr¡clc stations ill
lltc St¡utltct'n I lcnrisphe rc. No cleprcssions arc sccll at Mahc,

r987 oCTOBER

Ilclationship ol'thc u\rrtarctic Ozonc I lolc

NOVEMBERro 20

St. llclcna, Natal, Cachocira Paulista, vcry littlc (-3%) at

BL¡enos Aircs. ^-5%r at Iluancayo and -8%n at Sanloa, all in

thc cnd of'l)cccnlbcr l 9tl7. Sanloa shorvs an additional dc-

pression (---5'2,) in Novclllbcr end. 'lhcsc rcsults arc consis-

tcnt rvith llrc assurr¡.ltir)rì that Arìtarctic ozonc holcs rvould

lìot e\tcrì(l [o verv lorv latitrrtlesl

l:ig. 7 slrorvs ¡rlots lbr' .sontc ntitldlc und ltiglt latitudc

locations in thc N t ¡ r t ltt' t'n I Icnr isphcrc. làrtltcst arvay lì'o¡lr thc

Antarctic. Surprisinely, rnany localions shorv dc¡rrcssions of'
. (5- I0%,) in nlid-Novcnlbcrancl nlid-Dcccnlbcr'. Sornc shorv

DECEMBER
30 ro 20 50

o/o

roo
90
80
70

roo
90
80
70

roo
90
80
70

roo
90
80
70

roo
90
80
70

too
90
80
70

DECEMBER

I"iguru 4 - Alt'sntt¡ (luL' tlu ltig. 3, put'u-os lt¡t'ui,t nt¡ :;ctt¡t

l¡t'nt u lastt,do llctnìsfttt'io Sul (Aù:;I'tiliu t: Nt¡t'u T,clrindiu).

20 30

400
350
300
400
350

300

400
350

300
400
350

300

j
ci

l¡Jzo
No
J
t-oF

350

300

350

300

1987 OCTOBER NOVEMBER

Figurc 4 - Sanlc as l:ig. 3, lìrr locatiorrs irr the ./il-1,u.trL't'tt
,rcclot' it't thc Sor¡tlrcnr Ilcnrisphcrc (Australia and Ncrv

Zcaland).

I I rlrlrl

- 8o/"

--r
-/

54"S, l59oE
-l -lO"/"o/o

MAC. ISL.

-AUSÏRALIA

45 o S,l69o E
-ro

r ru
-5o/o% -lOo/"

LAUDER
N. ZEALAND

-lÙo/"
42S,l47oE

-8
- 

vvr- E{
o/o

HOBART
AUSTRALIA

37o S, l45oE

-8 % - lO"/o

MELBOURNE
AUSTRALIA

,Êeê,-=-
32" S, l160 E - 5o/o

PERTH
AUSTRALIA

27 " S, l53oE

lrlrlrl t

-8o/o-5"/

BRISBANE
AUSTRALIA

llcvisltt llru.silairu tlL' ( i<,oli.situ, I t¡1. I2(2), |()()J



R. P. Kane 185

depressions even in mid-October (e.g. Cagliari, Bismarck).

These could not possibly be related to the Antarctic ozone

hole as some occur in October, too early for the ozone hole

to spread up to the Northern Hemisphere. Also, most of the

plots have wavy structures with periods of -(10-30 days),

which could be a natural routine behaviour for these latitudes
and would show depressions as well as increases relative to
the mean seasonal change (full hiangles joined by dashed
lines). To examine this aspect in detail, it would be neces-
sary to study the behaviour before and after the ozone hole
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Figure 5 - Same as Fig. 3, for locations in the Northern

Hemisphere /ow.latitudes (0-36) in various longitudes.

Fìgura 5 - Como na Fig. 3, para locais de baixas latitudes

do Hemisferio Norte (0-i6) em várias longitudes.
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interval, i.e. before October and after December. The next

section shows the results of such a study.

OZONE VARIATIONS BBFORE AND AFTER
OCTOBER-DECEMBER 1987

Fig. 8 shows plots of daily values of total ozone for
a few selected locations during August-September, 1987.

In the left half, the top plot is for Syowa (Antarctic) and

shows that a first depression started by about September

Relationship of the Antarctic Ozone Hole

NOVEMBER
ro 20

ro 20 30
NOVEMBER

l5. No other location shows any depressions at this time,

except Bismarck (46oN, l5"E) and Edmonton (53'N,

I I 3"E), which show depressions of -10Yo, far beyond sta-

tistical errors. It is unlikely that the Antarctic depression

could have reached these locations (if at all) so early. We

conclude, therefore, that depressions of this type at high

northern latitudes should be due to other causes, prob-

ably winter planetarY waves.

Fig. 9 shows plots for January-February, 1988. In the

top plot of the left half, Syowa shows recovery from the
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Figura 6 - Como na Fig. 3, parø locais de baixas lqtitudes

do hemisferio sul (0-34') em várias longitudes.
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Figure 7 - Same as Fig. 3, for locations in the Northern
Hemisphere middle and high latitudes in various longitudes.
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Figura 7 - Como na Fig. 3, para locais de médias e altas

latitudes do Hemisferio Norte em váriqs longitudes.
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ozone hole in January but a fresh depression seems to

have occurred by January end (-10%) and a large

depression by February end (-15%). At Bismarck and

Edmonton, very large oscillations are seen, -10-20o/o, lar

beyond statistical errors. The magnitudes are larger than

those seen for these locations in October-December,

1987. Obviously, all these large oscillations (15-50%)

could not be due to ozone-poor air parcels arriving all

the way from the Antarctic and must be due to strong,

local effects. In Europe (Cagliari) and middle east (Cairo,

Aswan) also, oscillations are seen, with depressions in

January end. In view ofthe quiet levels seen in Fig. 8 (prior

to ozone hole), it is tempting to attribute the variations

in Fig. 9 to a delayed effect of the October ozone hole.

But the magnitudes are too large and relationship with

Relationship of the Antarctic Ozone Hole

Antarctic ozone hole should be ruled out at least for high

latitudes. In the Indian region, Kodaikanal, Poona,

Varanasi show quiet levels, while New Delhi shows de-

pressions (-10%) in late January and early February'

Tateno also shows depressions (-10%) in mid-January

and mid-February. Singapore and Perth show quiet

levels. In all these plots, an interesting feature is that the

percentqge changes are smqller neqr the equator and

larger at middle latitudes, even in the northern hemisphere,

This by itself probably indicates that the Antarctic ozone

hole effects peter out much before reaching the equator.

However, we want to keep the possibility open that oscil-

lations seen at /ow latitudes in the northern hemisphere

could be due to local causes such as winter planetary

waves, as also partly due to changes in the Antarctic.
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CONCLUSIONS

(l ) For the Indian region (10"N-35"N, 74"E-83'E), a study

of the monthly mean column ozone values showed that

for low latitudes, the long-term linear trends over l3
years (1977-1989) were generally small (less than 5o/o,

for some months very rnuch less). The solar cycle ef-

fects, i.e. decreases of ozone from solar nraximunr to
solar minimum were also small, 5olo or less. This is in
rough agreernent with the assessrnent report of 'ùy'atson

et al. (1988), and subsequent WMO (1991) report. The

Quasibiennial oscillation (QBO), though not always

present, could be occasionally as large as -10%.
(2) The 45o/o Antarctic ozone depletion in October 1987

seems to have spread to lower latitudes and it is tempt-

189

ing to speculate that it penetrated even in the Northern
Hemisphere, with different velocities and intensity in
different longitudes. The Indian region showed large
depletions ( I 0- I 5%) in November and December I 9g7.
At other longitudes also, depletions were noticed up to
30'N and even beyond in sorne cases. However, the
percentage depletions were smaller at or near equator
and larger on both sides (northern and southern). This
by itself probably indicates that the Northern Hemi-
sphere oscillations may have an altogether different
origin, e.g. winter planetary waves. However, we want to
leave the possibility open that, at least for low latitudes,
the effect of the Antarctic ozone hole may reach the
Northern Hemisphere. This needs further detailed
investigation, specially using satellite data.
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Figura 9 - Gráfico de valores diários de ozônio total para

janeiro, fevereiro de I 988 para as estações selecionadas. As
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obtidos de dados dos sete anos anteriores.
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Model predictions by Prather and Jaffe, (1990) and

Prather et al. (1990) envisage distinct parcels ofozone-poor

air spreading from the Antarctic region out to low latitudes,

when the final stratospheric wanning starts and the southern

circumpolar voftex breaks (Bojkov, 1986b). However the

spread extends to only about 40oS during austral summer

(Dec. Jan.) and, one year later, only 30Yo of the original

depletion rernains, nrostly poleward of 30oS. Thus,

penetration into the Northern Hemisphere would seem to

be ruled out. However, this needs further scrutiny.
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