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ABSTRACT

Continuous periodogram analyses of 115 years (1871-1985) summer monsoon rainfall over the Indian region
show that the power spectra follow the universal and unique inverse power law form of the statistical normal distribu-
tion with the percentage contribution to total varjance representing the eddy probability corresponding to the
normalized standard deviation equal wo [{log L/ log Ts) — 1] where L is the period length in years and T, the
period up to which the cumulative percentage contribution to total variance is equal 1o 50. The above results are con-
sistent with a recently deveioped non—deterministic cell dynamical model for atmospheric flows. The implications of

the above result for prediction of interannual variability of rainfall is discussed.
I. INTRODUCTION

The interannual variabilities of atmospheric flows as recorded in meteorological
parameters such as windspeed, temperature and pressure at the earth’s surface and in the at-
mospheric column extending up to the siratosphere have been investigated extensively and
major quasiperiodic oscillations such as the QBO (quasi~biennial oscillation) and the 2-5
year ENSO (El Ninc / Southern Oscillation) cycle have been identified (Lamb, 1972; Philan-
der, 1990). Such dominant cycles are however superimposed on an appreciable “background
noise”contributed by a continuum of eddies of all scales within the time, space scales investi-
gated (Lorenz, 1990; Tsonis and Elsner, 1990). It is important therefore, to identify the phys-
ics of multiple scale interactions (Barnett, 1991) and quanti{y the total pattern of fluctuations
of atmospheric flows for predictability siudies. Long-range spatiotemporal correlations man-
ifested as the sellsimilar fractal geometry to the global cloud cover pattern and the inverse
power law form for atmospheric eddy energy spectrum documented by Lovejoy and Schertzer
{1986) are signatures of self-crganized criticality (Bak et al., 1988) or deterministic chaos
(Mary Selvam, 1990; Mary Selvam et al., 1992} in atmospheric flows. The physics of self—or-
ganized criticality is not yet identified. In this paper a cell dynamical model for atmospheric
flows (Mary Selvam, 1990} is summarized. The model predicts sell-organized criticality as in-
trinsic to quantum-like mechanics governing atmospheric flows and, as a natural conse-
quence leads to the result that the atmospheric eddy energy spectrum represents the statistical
normal distribution. The model predicticns are in agreement with continuous pericdogram
analyses of 115 years summer monscon rainfall over the Indian region. Such unique
quantification. namely the inverse power law form of the statistical normal distribution for
the atmospheric eddy energy spectrum implies predictability of the total pattern of atmos-
pheric fluctuations, The applications of the above result for prediction of interannual variabil-
ity of atmospheric flows are discussed.
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II. CELL DYNAMICAL SYSTEM MODEL

In summary, (Mary Selvam, 1990; Mary Selvam, et al., 1992) the mean flow at the plan-
etary atmospheric boundary layer (ABL} possesses an inherent upward momentum flux of
surface frictional origin. This upward momentum flux is progressively amplified by the
exponential decrease of atmospheric density with height coupled with latent heat released dur-
ing microscale fractional condensation by deliquescence on hygroscopic nuclei even in an
unsaturated environment. This mean upward momentum flux generates helical vortex roll {(or
large eddy) circulations in the ABL seen as cloud rows / streets, mesoscale cloud clusters
(MCC) in the global cloud cover pattern. Townsend (1956) has shown that large eddy circula-
tions form as the spatial integration of enclosed turbulent eddies intrinsic to any turbulent
shear flow (Fig. 1). The relationship between the roct mean square {r.m.s.) circulation
speeds W and w, of large and turbulent eddies of respective radii R and r is then ob-
tained as:

W=, (1)
A continuum of progressively larger eddies grow from the turbulence scale at the plapetary
surface with two—way ordered energy feedback between the larger and smaller scales as given
in Eq. (1). Large eddy is visualized as the envelope of enclosed turbuient eddies and large eddy
growth occurs in unil length step increments equal to the turbulent eddy fluctuation length .
Such a concept is analogous to the non—deterministic cellular automata computational tech-
nique where cell dynamical system growth occurs in unit length step increments during unit
intervals of Gme (Cona and Puri, 1988). Also, the concept of large eddy growth in length step
increments is equal to r, the turbulence length scale, i.c. length scale doubling is identified as
the universal period doubling route to chaos eddy growth process. The large eddy of radius

CONCEPT OF LARGE EDDY CIRCULATION FORMATION
FROM SPATIAL INTEGRATION OF ENCLOSED
TURBULENT EDDIES
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Fig. 1. Concept of large eddy formation from spatial integration of enclosed turbulent eddy circulation.
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R, at the nth stage of growth goes to form the internal circulation for the next stage, i.e.
(n+1)th stage of large eddy growth. Such a concept, leads as a natural consequence, to the re-
sult that the successive values of the radii R and the r.m.s. eddy circulation speeds W follow
the Fibonnaci mathematical number series, i.e. the ratio of the successive values of R
{or W) iscqualto T, the golden mean [=(1++5) /2= 1.618].

The overall envelope of the large eddy traces a logarithmic spiral with the quasi—periodic
Penrose tiling pattern for the internal structure. Atmospheric circulation structure therefore
consists of a nested continuum of vortex roll circulation {vortices within vortices} with a
two-way ordered energy [low between the larger and smaller scales. Such a concept is in
agreement with the observed long-range spatiotemporal correlations in atmospheric flow
patterns.

The cell dynamical system model also predicts the following logarithmic wind profile re-

lationship in the ABL.
W=iw, /k)nZ, (2

where the Von Karman’s constant & is identified as the universal constant for deterministic
chaos and represents the steady state fractional velume dilution of large eddy by turbulent
eddy fluctuations. The value of & is shown to be equal to 1./ 7%(=0.382) where I is the
golden mean. The model predicted value of & is in agreament with observed values. Since the
successive values of the eddy radii follow the Fibonacci mathematical number series the
length scale ratio Z for the nth step of eddy growth is equal to Z, =R, /r= r.
Further, W represents the standard deviaton of eddy {luctuations, since ¥ is computed as
the instantaneous r.m.s. eddy perturbation amplitude with reference to the earlier step of eddy
growth. For two successive stages of eddy growth starting from primary perturbation
w., the ratio of the standard deviaticns #,,, and W, is given from Eq. (2) as (+1) / n.

Denoting by o, the standard deviation of eddy fluctuations at the reference level
(n=1), the standard deviations of eddy fluctuations for successive stages of eddy growth are
given as integer multiples of o, ie. o, 27, 30 ctc.

The concept of large eddy formation as the spatial integration of enclosed turbulent ed-
dies leads as a natural consequence (o the result that the atmospheric eddy energy spectrum
follows normal distribution characteristics, i.e. the square of eddy amplitude represents the
eddy probability density. Incidentally, the above result, namely that the additive amplitudes
of eddies when squared represent the eddy probability density is inherent to the observed
sub—atomic dynamics of quantum systems and is accepted as an ad hoc assumplion in
quantum mechanics (Maddox, 1988).

Atmospheric flow structure therefore follows quantum-—like mechanical laws where the
eddy energy spectrum represents the eddy probability density and the apparent wave—particle
duality is physically consistent in the context of atmospheric flows since the bimodal (forma-
tion and dissipation) form for energy manifestation in the bidirectional energy flow intrinsic
to eddy circulations results in the formation of clouds in updrafts and dissipation of clouds in
downdrafis. The physical concept of quantum—like mechanics in atmospheric flows is illus-
trated in Fig. 2 and explained in the following:

The subatomic dynamics of quantum systems such as electron, photon, etc., are des-
cribed by quantum mechanics in terms of a group of waves, i.e. a wavetrain that can be built
up of a large number of sine waves of slightly differing frequency. Where the waves together
produce an amplitude ¥, this region advances with a group velocity that can represent the
velocity of a particle whose position is represented by the region of amplitude 3. The
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PHYSIGCAL CONCEPT OF QUANTUM-LIKE MECHANICS IN
ATMOSPHERIC FLOWS
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Fig. 2. Physical concept of quantum—like mechanics in atmospheric flows.

probability of finding a particle al the coordinate where eddy amplitude # is evaluated is
then found to be proportional to lﬁrz.

Atmospheric flows associated with cloud formation may also be considered to be due to
wavetrains such as that shown in Fig. 2 with alternating regions of updrafts and downdrafts.
The square of the eddy amplitude, i.e. ¥ represents eddy kinetic energy and is proportional
to the intensity of the weather system at the location where y is measured. The passage of
the wavetrain over location O at the surface will be associated with progressively increasing
cloud cover followed by progressive dissipation. The signature of the passage of the wavetrain
will be recorded in the meteorological parameters at 0. Power spectral analysis of such me-
tearological time series data will enable resolution of component eddies in the wavetrain,

The conventional power spectrum plotted as the variance versus the frequency in log-log
scale will now represent the eddy probability density on logarithmic scale versus the standard
deviation of the eddy fluctuations on linear scale since the logarithm of the eddy wavelength
represents the standard deviation, i.¢. the r.m.s. value of eddy fluctuations (Eq.2). The r.m.s.
value of the eddy fluctuations can be represented in terms of statistical normal distribution as
follows. A normalized standard deviation 7=0 corresponds to cumulative percentage proba-
bility density equal to 50 for the mean value of the distribution. Since the logarithm of wave-
length represents the r.m.s. value of eddy fluctuations the normalized standard deviation ¢ is
defined for the eddy energy as r=(log L /log T4,)— 1 where L is the period in years and
Ty is the period up to which the cumulative percentage contribution to total variance is equal
to 50 and ¢=0. Log Ty, also represents the mean value for the r.m.s. eddy fluctuations and
is consistent with the concept of the mean level represented by r.m.s. eddy fluctuations.

In the following section it is shown that continuous periodogram analyses of rainfall time
series over India exhibit the signatures of quantum-like mechanics, namely, the cumulative
percentage contribution to total variance, computed starting from the high frequency end of
the spectrum, follows the cumulative normal distribution.

III. DATA AND ANALYSIS

Indian region summer monsoon (June—Scptember) rainfall for 29 meteorological
sub—divisions for 115 years {1871—1985) (Parthasarathy et al., 1987) was used for this study.
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The broadband power spectrum of the rainfall time series can be computed accurately by
an elementary but very powerful method of analysis developed by Jenkinson (1977} which
provides a quasi—continuous form of the classical periodogram allowing systematic allogation
of the total variance and degrees of freedom of the data series to logarithmically spaced ele-
ments of the frequency range (0.5, 0). The periodogram is constructed for a fixed set of
10000(m) periodicities which increase geometrically as L, =2 exp (Cm) where C=.001
and m=0,12-~m. The data series ¥, for the ¥ data points was used. The pericdogram es-
timates the set of A, cos(2zv, t— @, ) where A,, v, and ¢, denote respectively the
amplitude, frequency and phase angle for the mth periodicity. The cumulative percentage
contribution to total variance was computed starting from the high frequency side of the spec-
trum. The period T, at which 50% contribution te total variance occurs is taken as
reference and the normalized standard deviation ¢, values are computed as:

r, =(log L, /log Tg4)— 1.

The cumulative percentage contribution to total variance and the corresponding ¢ val-
ues are plotted as continuous lines in Fig. 3 for the rainfall. The cumulative normal probabili-
ty density distribution corresponding to the normalized standard deviation ¢ values is shown
as crosses in Fig. 3. It is seen that the cumulative percentage contribution to total variance
closely follows the cumulative normal prebability density distribution. The “goodness of fit”
was lested using the standard statistical chi—square test (Spiegel, 1961). The short horizontal
lines in the lower part of Fig. 3 indicate the lower limit above which the fit is good at 95%
confidence level.
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Fig. 3. Periodograms of 115 years (1871-1985) summer monsoon {June—Scptember) rainfall
for 29 meteorological sub—divisions (numbers ranging from 3 to 34) over the Indian region,
plotted with progressive shift in zero by one division on the z-axis. The meteorological
sub-division numbers are indicated in the lower part of the figure. The continuous line is the
periodogram while the crosses refer to the corresponding cumulative normal probability den-
sity distributions. The horizontal lines on the lower part of the figure indicate the lower limit
above which the periodogram is the same as the cumulative normal probability density distri-
bution as determined by the chj square test at 95% level significance.
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It is seen from Fig. 3 that the atmospheric eddy energy spectrum derived from rainfall
time series for India exhibits universal characteristics of the statistical normal distribution.

V. DISCUSSION AND CONCLUSION

It is shown that the atmospheric eddy spectrum derived from rainfall time series over In-
dia is the same as the normal probability density distribution. The normal probability distri-
bution follows the inverse power law form % where B, the exponent approaches 1 for small
values of ¢ It is therefore consistent that the atmospheric eddy energy spectrum follows
% power law which is identified as the temporal signature of deterministic chaos or self—or-
ganized criticality in atmospheric flows {(Mary Selvam, 1990; Mary Selvam et al., 1592). The
model predictions are confirmed by determining the atmospheric eddy energy spectrum using
continucus periodogram analysis technique for 115 years (1871-1985) summer monsoon
(June-Sepiember) rainfall time series for 29 meteorological sub—divisions over India. The
important results of the present study are as follows. Temporal (years) fluctuations in rainfall
contribute to form a self-organized unique pattern, namely, that of the statistical normal dis-
tribution with the square of the eddy amplitude representing the normal probability density
corresponding lo the normalized standard deviation ¢ equal to [{log L /log Ty ) — 1]
where L is the period length in years and T, the petiod up to which the cumulative percen-
tage contribution to total variance is equal to 50 and ¢=0. Quantification of the non—linear
variability of atmospheric flows in terms of the unique universal characteristics of the statisti-
cal normal distribution implies predictability of the total pattern of fluctuations.
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