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ABSTRACT

Continunus perindopram analyses of sets of 50 o d6d daily mean aimosphenc colomnar (ol ozone conient ai
19 phobally representative statbons indicale that the power spectra follow the warversal inverse power law form of the
statistical normal distribation. The resalls are consistent wilh prodiction of a cell dynamical system moide] for atmos
pheric flows extending up (o the stralosphere apd above. The arigee guantification for noolinear varinbality of daily
atmespheric tolal ozone implies predictability of the todal pattern of fluciuations.

Kooy wordss Crone, Columnaar total ozone
I. INTRODVICTROMN

Atmospheric columnar tmal orone content exhibits non—linear variablity on all time
scales from days o years. A major portion of the total ozone resides as a thin layer in the
stratosphere and plays the very important role of absorbing solar ultraviolet radiation which
1% harmiul for life on earth. It i3 important o identify and quantify the phvsics of the wtal
pattern of fluctuations for predictability studies. Earlier studies have shown that total ozone
exhibits short term periodicities of about 2—3 days, 5—6 days, 10—15 days, 30—40 days etc.
Such penodicities have been associated with wave activity in the middle atmosphere
(Maruyama, 1991} In the present study, it is shown that continuous periodogram analyses of
22 gets of 30w 364 days total ozone at 19 globally representative stations follow the universal
inverse power law form of the statistical normal distnbution. Inverse power law forms for
power spectra indicating long—range temporal correlations {persistence) are ubiguitous to real
world dvnamical svstems, in particular geophysical parameters (Agnew, 1992) and are now
identified as signatures ol self-organized criticality (Bak, Tang and Wiesenfeld, 198%), The
physics of self—organized criticality 15 not vel wdentified. The results presented in this paper
are in agreement with a recently developed cell dvnamical system model for atmosphenc flows
iMary Selvam, 1990; Mary Sclvam et al., 1992; Mary Selvam, 1993) which predicts inverse
power law form of the statistical normal distribution for the power spectra as a natural con-
sequence of quantum=like mechanics governing flow dvnamics. Such unique quantification
for self—orgamized critcality imphes predictability of the total pattern of fluctuations in total
QEONE,

Il CELL DY MWAMICAL SYSTEM MODEL

In summary {(Mary Selvam, 1990, Mary Selvam et al.. 1992} the model is bazed on the
concept of Townsend (1956) that large eddy structures: form in (urbulent shear flows as the
spatial integration of enclosed turbulent eddies. Therefore, the energy (kinetic) of
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progressively larger eddies follow the normal distribution characteristics according to the
Central Limit Theorem in Statistics. The square of the eddy amplitude will then represent the
probability of occurrence of eddv fluctuations. Similar laws govern the subatomic dynamics
of guantum systems (Maddox, 1988). Almosphenic flows therefore follow quantum=hke me-
chamcal laws as a natural consequence of Townsend's concept of the physics of large eddy
grovwth in turbulemt shear Mows stated abowve. Further, the model predicts am overall
logarnithmic spiral trajectory for atmosphenc flows with the quasipeniodic Penrose tiling pat-
tern for the internal structure. The quantitative model predicted governing equations are giv-
en in the following.

The logarithmic wind profile relationship is given as

W=""logZ . (1
where W and w, are the root mean square (r.m.s) circulation speeds of eddies of respective
radili & and r, with length scale ratio £ egual :-::n£ A r. The von Karman's constant kK is equal
to 17+ where « is the golden mean [=(] ++ 5)/2=1.618] and represents the fractional
wolume dilution of large eddy by enclosed turbulent eddy flectuations and consequent mixing
with environment,

The r.m.s. circulation speed W at each stage forms the mean level for the next stage of
large eddy growth. Therefore W represents the standard deviation of the eddy fluctuations at
each stage and also the mean for the next stage of eddy growth, The logarithm of the length
(and therefore the tme) scale ratio Z represents the standard deviation of the eddy fluctua-
tions (Eq.1). Therefore if L represents the period,

log L = W, ()

The conventional power spectrum plotted as the percentage contribution to total vari-
ance versus the pericd in log—log scale will now represent the eddy probability on loganithmic
scale versus the standard deviation of the eddy Muctuations on Lnear scale, Since the r.m.s.
eddy fluctuwation W probabilities follow normal distribution charactenstics because of
quantum=lke mechanics governing flow dynamics, normalized standard deviation 1 can now
be defined as

p=dogl |

g7 L (3)

where L is the period and Ty, the period up to which the cumulative percentage contribution
o tolal varance 15 equal to 50. ¢ as derived above corresponds to the normal variate in

conventional statistics defined as

where X and & are the mean and standard deviation of the variable ¥ which is distributed
normally. The mean Jl_'mrrespnnds to cumulative percentage probability of cocurrence equal
to 50. In the present study log L represents the vanable X" and log Ty, represents the mean X
and also the standard deviation ¢ of the distribution of r.m.s. eddy fluctuation W as ex
plained above (Eqgs.1 and 2).

The power spectrum when plotted as cumulative percentage contribution to total van-
ance versus the ¢ values (Eg.3) will represent the statistical normal distribution.

The signatures of the model predicted logarithmic spiral flow structure will be seen in
conventional power specira of meteorological parameters as a continuum of eddies with a
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smooth rotation of phase angle concomitant with increasing period length. The model pre-
dicted gquasiperiodic Penrose tiling pattern for the internal flow structure will be seen in the
eddy continuum as embedded dominant wavebhands, the bandwidth increasing with period
length. The peak period £, for the mth waveband is given as

L, o=t"(24+n , (4)

where n ranges from negative to positive integer valoes including zero and ¢ is the solar pow-
ered primary perturbation time period. ¢ refers to the diurmal cyele of solar heating for the
daily total ozone time series wsed in the present study.

Continuous periodogram analyses of daily total orone content at globally representative
stations are in agreement with model predictions as shown i the following section.

M. DATA AND ANALYSIS

Daily values of atmospheric total ozone for 19 globally representative stations were ob-
tained from OLONE DATA FOR THE WORLD (1987-1991). Continuous periodogram
analyses (Jenkinson. 1977) were done for 22 sets of 50 to 364 daily maen total ozone time se-
rics, The broadband power spectrum of total ozone time series can be computed accurately by
the elementary but powerful method of analysis developed by Jenkinson (1977) which pro-
vides a guasi—continuous form of classical periodogram allowing systematic allocation of
total varance and degrees of freedom of the data series to logarithmically spaced elements of
the frequency range (0.50). The periodogram is constructed for a fixed set of 10000 (m)
periodicities  which  increase peometncally as L = Zexp (Cm) where O = .00]1 and
m=10,1.2+== m. The data ¥, for the ¥ data points were used. The periodogram estimates the
set of A, cos{Zar | — @ )dwhere 41, and ¢, denote respectively the amplitude, frequen-
cy and phase angle for the mth period. The cumulative percentage contribution to total vari-
ance was computed from high frequency side of the spectrum. The period T, at which 50%
contribution to total variance occurs is taken as reference and the normalized standard devia-
tion ¢, values are computed as (Eq.3)

by =llog L, AlogTy)—1 .

The spectra as determined by continuous periodogram analyses are plotted in Fig. 1 as
cumulative percentage contribution to total variance versus the normalized standard devia-
tion 1. The statistical normal distnbution 15 also plotied as crosses in Fig. | and represent the
cumulative percentage probability for the normalized standard deviation 1. The power specira
follow the normal distribution charactenstics as determined by the statistical chi—square test
for * goodness of N7 at 95% confidence level (Spiegel. 1961). Table 1 gives the mean and
standard deviation of the data, the periodicities Ty, Ty, Ty up to which the cumulative
percentage contribution to total variance is equal to 50, 75, 90 respectively and the peak
pericdicities for dominant wavebands for which the normalized variance is equal 1o or greater
than 1.

The fine structure characteristics of vanance and phase are shown in Fig. 2 for a repre-
sentative periodogram. 1t is seen that the spectrum is broadband with embedded dominant
eddies, the bandwidth increasing with peried length. Further, there 15 a continuous smooth
rotation of phase angle concomitant with increase in perniod within a waveband and from one
waveband 1o the next implying spiral-like flow structure in the stratosphere and are consis-
tent with model predictions (see Section IT).
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CONTINUOUS PERIODOGRAM SPECTRAL ANALYSIS
GLOBAL TOTAL OZONE-DAILY TOTALS
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Fig. 1. Contbnuoas peficdopram spoctral analvies of daily almospheric columnar total ozone for

21 sets of time series daia fisted in Table 1.

IV, DISCUSSI0ON AND CONCLUSION

The spectra of temporal (davs) fluctuations of atmosphenic columnar total orone follow
the universal and unique inverse power law form of the statistical normal distribution. Inverse
power law form for power spectra indicates long=range temporal correlations (persistence)
and 1% a signature of sell—organized criticality in the day to day fluctuations of total orone.

The results are consistent with the cell dynamical svsiem model prediction of such a uni-
versal spectrum for self—organized cniticality in atmospheric flows as a natural conseguence
of quantum—like mechanics governing flow dynamics, The unique quantification for self= or-
ganized criticality implies predictability of the total pattern of fluctuations in the atmosphernc
total columnar ozone over a period of time. It may therefore be possible to predict future
trends in atmospheric total columnar ozone content, The applications of the above result for
predictability studies will be presented in a separate paper.

The peak periodicities in the wavebands with normalized vanance equal 1o or more than
I (Table 1) correspond (o the time periods of the quasiperiodic Penrose tiling patiern traced
by internal circulations of the large eddy (sec Section [I) and are respectively equal to
2/ + =220 2+t =360 2+ =58 2+ =95 (24 =153, "2
+ 1)t = 248, T (2 + ) = 40.1¢ where 1, the primary perturbation time period, is the diurnal
cycle of solar heating. The dominant periodicities in atmospheric columnar total ozone time
series may therfore be expressed as functions of the polden mean. Other studies of total ozone
variahility (Chandra, 1986; Gao and Stanford, 1990; Prata, 1990; Dunkerton, 1991) also
show quasiperiodicities close to those predicted abowve.
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Continued Table 1. Perindogram Estimates for Total Ozone
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FINE STRUCTURE CHARACTERISTICS OF
VARIANCE AND PHASE-DAILY COLUMNAR
TOTAL OZONE FOR CAIROQ
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Fig. 2. Fine structare charsetenstics of variance and phase in the continuous perigdogram ana-
lvses of atmospheric colemnar Lotal ozone al Caire for & seq of 180 davs (1 Jon—2T7 Mov BE). The
cumulative percentage coniribation to total variance is plolled as a conlinuous lme The phase an-
gle for dominanl pericdicitics with percentage coptmbuiion 10 1omal varance excesding 0.01 alone

i plotted as continuous lines,
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