
M l1IuunI. (1995). 46. 3. 297·302

551.510.534': 539.12.18

Universal spectrum for short period (days) variability
in atmospheric total ozone

A M. SELVAM and M. RADHAMANI
Indian Instiuue of Trapical Meteorology. Pune

(Received 24 December 1993. Modified 16 September 1994)

..,.. - "",fn; arfl<mu ~ ~~ t~~ fo"", ~ "'"~~~~ >'Ill : _ Pm

"'lIfllfa~ "'" It r.rolltl!~ 'II! ;t\ 0/11: """ i\~ floi~ _ maltt fUo lil~ QIflI It "t"""lI II0/11:
om ill It "" "'" "'" II fO; • I'fTI~~~ ....... t I~ """' It m ~~~ ;rn ........
ollr>rr-Ililll"R" "'lIfllfat "'" It~ t <:1R "!j'I. G!JQ I/o{ a·~ rmum It~~ f.I1lll t "'" It~ t 1 Q;l

It "'$i"h. ""'! q om illIt~ """'"~ QIflIoIrn '"' ..row """ II1""""' ..... <:1R m "'''IT t ~ 00; i;
"'1~.G!JQ Il'JIir t~m lil '"""" nit o1!lnf.\ t~ oft>lm i; "" It ol'm t~ i\ OI!j'1lo1lQ .m:~
~ q~ """'"~ t~~ f.I1lll 1/1~~ iI'If I ol'm i\ ~iI'If~.~ t 'PI
"""'"' t~ ....l!m"'"' ~"""" i\ il'm om!! i I~ iI~ """'"'~ (ft"r il') i\ m \\'>Tft><r v.1IlIo! i;~
''''''''-~ ~ rmum q~~ f.I1lll '"' "'" ""'" i, wt ar!llftoRI '" floi..mtr...r.to!~. I'fTI

ARSTRAcr. Long-runge sp etio-rem po ml co rrel ations ma nifeste d as the self-simil ar fractal gecmetry to
the spatial paneru cunco mitant with inve rse powe r la w fonn for the po wer spectrum of temporal fluctu ations
lire ubiquitous 10 real world dyn amical SY.~ ll'lI1!; and are recently identified as signatu res of self-organ ized
criticality. Self-organised critical ity in eunosphe ric now", is exh ibited as the fractal geometry 10 the glob al
cloud cove r pattern an d the inve rse power law form Ior the atmospheric eddy en ergyspectrnm.In thi s paper, a
recently develo ped cell dynamical system mod el for atmospheric flows i.' summarized. TIle model predicts
inverse po wer la w fo rtu of the statistical normal distribut io n for atmo sp heric e.J.J)' en ergy spectrum as a
natu ral conseque nce of qu aruu m-Iike mechanics gowmin8 atmosphe ric flows extend ing uptc st ratosph eric
levels an d above , Model p redict ion s are in agreeme nt with continuo us periodcareru anal yses of atmospheric
IOIUI ozo ne. Atm ospheri c total ozone vari ab ility (in days) exhibits the temporal signature of self-org anized
critical ity, nam ely. inverse power law form fo r the power spe c tru m. Further. the long-range tempo ral co r­
relations implic it 10 sel f-org anized criticality can be quanti fied in tenns of the universal chuncle risl ics oflh~
norm al cJi Slrihuli o n l1u·n:{nre. Ih e tnlal pall~rn o f nU(,1llationll. of lotal oz on e over a period of time is
J.H·('llictable.

Kc)' ~llrd '\o - Powe r spec lra. Eddy. Perturbal ion . Turhulenl. PerioJ0irram. Fluctuation, Pt-riodicilies.
AUlllo.'nlTclali on .

I. Intrnd uctin n

AI1l\osphcric lotal co lumnar ozone exh ibits
nonlinear variability o n a ll time sca les fro m days 10

years (WMO 1985. Gao a nd Stanford 1990. P ra ia
1990). The quantificali on "f the no nli near varia­
bility. in partic ular. l ong~term trends in atmos­
pheric total ozone is an area of intensive researc h
since the identification in recen t years o f Ihe major
sp ring-lime Antarctic ozone ho le and Ihe general
.dccrcllsing trend in stratospheric ozone throughout
the high la tiludes (Ilojk ov er al. 1990. Callis el al.
1991 ). In thi s paper . a recen tly deve loped cell
dynamical sys tem mo del for atmospheric nows
ISelvam 1990. Sel vam el al. 1992. Selvam 1993.
Srlvam and Raah a n," ni 1994. Selvam and Joshi
1994) is summarized . T he model pre d icts quantu m-
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like mechan ics for a lmos p heric flows extending up­
to Ihe stra tosp here and above (Sikka el al. 1988). T he
model predictions a re in agreement with con­
tinu ou s periodogram an al yses o f sets of twenty to
twenty five daily or u p 10 6-days' means of
atmospheric co lumnar total ozone content at five
differen l locat io ns.

The po wer spectra ofatmospheric colum na r tota l
ozone foll ows the inverse po wer law form of th e
stalist ical nonna1 dist ribu tio n. Inverse po wer law
form for the po wer spectra o f temporal fluctua tions is
ubiquilous to rea l world dynamical syste ms and is a
tempora l signalUre of self-o rga nized cri ticalilY (Bak
el al. 1988) or dClenninist ic chaos (Selvam 1990) and
implies long-range temporal correia lions. Un iversal
q Uilntificati on for self-organized criticality in the












