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ABSTRACT

Continuous periodogram spectral analyses of 28 years (1961-1988) of seasonal (September—November) mean COADS
global surface (air and sea) temperature time-series show that the power spectra follow the universal inverse power
Jaw form of the statistical normal distribution. An inverse power law form for power spectra of temporal
fluctuations implies long-range temporal correlation and is a signature of self-organized criticality. Universal
quantification for self-organized criticality presented in this paper is consistent with a recently developed cell dynamical
system model for atmospheric flows, which predicts such non-local connections as intrinsic to quantum-like mechanics
governing flow dynamics. The universal spectrum for interannual variabiality rules out linear secular trends in global
surface (air and sea) temperatures.
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INTRODUCTION

Surface (air and sea) temperatures exhibit interannual variability at all time-scales up to the length of record

investigated. Major quasi-periodic oscillations, such as the QBO (Quasi-biennial Oscillation) and the 2-7

year ENSO (El Nifio-Southern Oscillation) cycle have been identified in surface temperature records
| (Ghil and Vautard, 1991; Elsner and Tsonis, 1991) and in proxy climate data (Cole et al., 1993). Such
quasi-periodic cycles characterizing atmospheric flows are, however, superimposed on an appreciable
‘background noise’ formed by a continuum of eddies (Lorenz, 1990; Tsonis and Elsner, 1990). It is therefore
. important to identify the physics of multiple-scale interactions (Barnett, 1991) and to quantify the total
pattern of fluctuations of atmospheric flows for predictability studies.

Deterministic chaos in computer realizations of traditional non-linear mathematical models of
atmospheric flows imposes a limit on realistic simulation of flow dynamics and prediction. Selvam (1993b)
has shown that round-off errors in finite precision numerical computations approximately double for every
iteration. Such round-off errors enter the mainsiream computation and give unrealistic solutions in
long-term numerical integration schemes, such as that used in numerical weather prediction and climate
models which incorporate several thousands of iterative computations.

In this paper, recently developed non-deterministic cell-dynamical-system-model (Mary Selvam, 1990,
1993a; Mary Selvam et al., 1992) concepts are applied to show that the temporal (years) fluctuations of
surface (air and sea) temperatures self-organize to form a universal spectrum. Such a concept rules out
linear secular trends in surface temperatures.

CELL DYNAMICAL SYSTEM MODEL
In summary (Mary Selvam 1990, 1993a; Mary Selvam et al., 1992) the model is based on the concepts of
Townsend (1956) that atmospheric large eddy circulations form by spatial integration of enclosed turbulent
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eddies. The energy (kinetic) of successively larger eddy circulations therefore follow the statistical normal
distribution characteristics according to the Central Limit Theorem. Therefore, the square of the eddy
amplitude represents the eddy probability density. Such a condition, that the additive amplitudes of eddies
when squared represent the probability densities, governs the subatomic dynamics of quantum systems.
Atmospheric flows therefore follow quantum-like mechanical laws.

The root mean square (r.m.s.) circulation speed W of a large eddy of radius R is expressed in terms of
an enclosed dominant turbulent eddy of radius » and r.m.s. circulation speed w, as

2 2r 2
w?= = e (1)

The model also predicts the logarithmic wind profile relationship for atmospheric flows. The overall
envelope of the large eddy traces a logarithmic spiral with the Fibonacci winding number and the
quasi-periodic Penrose tiling pattern for the internal structure. Atmospheric circulation structure therefore
consists of a nested continuum of vortex roll circulations (vortices within vortices) with a two-way ordered
energy flow between the larger and smaller scales (equation 1).

Conventional power spectrum anlaysis of such circulation structure will reveal a continuum of eddies
with progressive increase in phase.

The increase in phase d® as the radius R of the spiral increases from R to R + r is equal to r/R. The
increase in phase d® is therefore directly proportional to the variance W? (equation (1)), i.e.

d® o W? 2)

The phase spectrum will therefore represent the variance spectrum.
The eddy continuum has embedded dominant periodicities P, equal to

,=1"2+ 1T (3)

where T is the golden mean equal to (1 + ,/5)/2 = 1618 and n ranges from negative to positive integer
values including zero. Variable T is the primary perturbation time period equal to the annual (summer to
winter) cycle of solar heating in this study of interannual variability.

Incidentally, the golden mean is associated with self-similar fractal structures generic to natural
phenomana (Jean, 1992a,b; Srinivasan, 1992; Stewart, 1992). The self-similar fractal geometry of
atmospheric flow structure has been documented and discussed by Tessier et al. (1993).

The conventional power spectrum plotted as the percentage contribution to total variance versus the
logarithm of wavelength (period) will now represent the eddy probability density versus the standard
deviation of the eddy fluctuations as explained in the following. The logarithm of the eddy wavelength
(period) represents the standard deviation, i.e. r.m.s. value of eddy fluctuations. This follows from the concept
of the logarithmic wind profile and also that the r.m.s. value of eddy fluctuations at each stage forms the
mean level for the next stage of eddy growth. The r.m.s. value of the eddy fluctuations (standard deviation)
can be represented in terms of the statistical normal distribution as follows. A normalized standard deviation
t =0 corresponds to a cumulative percentage probality density equal to 50 for the mean value of the
distribution. Because the logarithm of the wavelength (period) represents the r.m.s. value of eddy fluctuations,
the normalized standard deviation t is defined for the eddy energy spectrum as

t = (log L/log T5o) — 1 4)

where L is the period in years, and T, is the period up to which the cumulative percentage contribution
to total variance is equal to 50 and t = 0. Log T, 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 (Jenkinson, 1977) of seasonal
(September-November) mean surface (air and sea) temperature for the 28-year period (1961-1988) show
that the power (variance) spectra of interannual variability follow the universal inverse power law form of
the statistical normal distribution.































