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Abstract

Continuous periodogram analyses of 28-years (1961-1988)
seasonal (Sept.-Nov.) mean COADS surface (air and sea)
temperature time series show that the power spectra follow
the universal inverse power-law form of the statistical
normal distribution. Such long-range temporal correlations
are signatures of self-organized criticality. Identification
of the universal quantification for self-organized critical-
ity in the interannual variability of surface temperature
implies predictability of the total pattern of fluctuations.
The other important results of the study are as follows.
(1) The power spectra are broadband implying an eddy contin-
uum structure for atmospheric interannual variability. (2)
The eddy continuum has embedded dominant wave-bands, the
bandwidth increasing with period length. Further, there is a
smooth rotation of the phase angle with period length within
a wave-band and from one wave-band to the next, implying a
spiral-like structure for the eddy continuum. (3) Periodici-
ties up to 5 years contribute to as much as 50% of the total
variance. (4) Dominant periodicities of 2-3 years and 3-7
years corresponding respectively to the high and low fre-
quency components of El-Nino/Southern Oscillation (ENSO)
cycle are present in almost all the data sets. The above
results are consistent with a recently developed cell dynam
ical system model for atmospheric flows.

s 1 Introduction

The surface (air and sea) temperatures exhibit interan-
nual variability of all time scales up the length of record
investigated. Major quasiperiodic oscillations such as the
QBO (quasi-biennial oscillation) and the 2-7 years ENSO (El-
Nino/Southern Oscillation) cycle have been identified in
surface temperature records (Ghil and Vautard, 1991; Tsonis
and Elsener 1991, Cole et . al., 1993). Such guasiperiodic
dominant cycles characterising atmospheric flows are however
superimposed on an appreciable "background noise" contribut-
ed by a continuum of eddies of all scales up to the period
length investigated (Lorenz 1990; Tsonis and Elsner 1990).
It is therefore important to identify the physics of multi-
ple scale interactions (Barnett, 1991) and to quantify the
total pattern of fluctuations. of atmospheric

predictability studies.




Deterministic chaos in computer realizations of tradi-
tional non-linear mathematical models of atmospheric flows
impose a limit on realistic simulation of flow dynamics and
prediction. Mary Selvam (1993b) has shown that round-off
error of finite precision numerical computations approx-
imately doubles for every iteration. Such round-off error
enters the mainstream computation and gives 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 computa-

tions.

In this paper, a recently developed non-deterministic
cell dynamical system model (Mary Selvam, 1990; Mary Selvam
et al., 1992; Mary Selvam, 1993a; Mary Selvam, 1994) con-
cepts are applied to show that the temporal (years) fluctua-
tions of surface (air and sea) temperatures self-organize to
form a universal spectrum. Such a concept rules out linear
secular trends in surface temperatures.

2. Cell Dynamical System Model

Model concepts have been described in earlier papers
(Mary Selvam, 1990; Mary Selvam et al., 1992; Mary Selvam,
1993a; Selvam and Radhamani, 1993; Selvam and Joshi, 1994).
The model predicts the following. (1) The power spectrum of
temporal fluctuations follows the universal inverse power
law form of the statistical normal distribution such that
the variance represents the probability corresponding to the
normalised standard deviation t given as

t = (Log L/Log Tgp)-1 (1)

where L is the period (in years) and Ty, the period up to
which the cumulative percentage contribution to total var-
iance is equal to 50. (2) Atmospheric flow structure follows
an overall logarithmic spiral trajectory with the quasiperi-
odic Penrose tiling pattern for the internal structure
giving rise to dominant wavebands of increasing bandwidth.
The peak periodicities P, in the dominant wavebands are

given as

P, = T(2+r)1" (2)
Where 7 is the golden mean equal to (1+v5)/2 = 1.618, T the
primary perturbation time period (equal to the annual cycle
of solar heating in the present study) and n ranges from
negative to positive integer values including zero.
(3) Spiral-like structure for flow pattern will be seen as a
progressive increase in phase angle with increase in period
length.



In the following section it is shown that continuous
periodogram analyses of seasonal (Sept.-Nov.) mean surface
temperature for the 28-year period 1961-1988 agree with
model predictions.

3. Data and Analysis

The seasonal mean SON (Sept.-Nov.) surface air tempera-
ture and sea surface temperature for available grid points
numbering 1716 and 1641 respectively for the 28-year period
(1961-1988) was taken from the Comprehensive Ocean At-
mospheric Data Set (COADS, 1985). Figures 1 and 2 show
respectively the location of grid points for which unbroken
data is available for surface air temperature and sea sur-
face temperature for the period under study.

The broadband power spectrum of the surface temperature
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 classi-
cal periodogram allowing systematic allocation of the total
variance and degrees of freedom of the data series to loga-
rithmically spaced elements of the frequency range (0.5, 0).
The cumulative percentage contribution to total variance was
computed starting from the high frequency side of the spec-
trum. The period Tgo at which 50% contribution to total
variance occurs is taken as reference and the normalised
standard deviation t, values are computed as

.tm = (log L_ /log Tgqy)-1

The cumulative percentage contribution to total var-
iance and the corresponding t values were computed for
surface air temperature and sea surface temperature respec-
tively for all the grid points (Figures 1 and 2) for the 28-
year period 1961-1988. The cumulative percentage
contribution to total variance was found to closely follow
the cumulative normal probability density distribution. The
"goodness of fit" with normal distribution at 95% confidence
level was tested using the standard statistical chi-square
test (Spiegel 1961). Almost all the spectra follow normal
distribution.

Sets of 26 grid points contained within about 10-degree
Latitude-Longitude boxes were grouped together and the mean
and standard deviation of cumulative percentage contribution
to total variance corresponding to normalised standard
deviation t values were computed. Representative mean and
standard deviation spectra thus computed for grid points
within 10-degree boxes are shown in Figure 3 and Figure 4
respectively for surface air temperature and sea surface
temperature for the northern hemisphere. The location of the
10-degree boxes and the number of grid points contained
therein are given in the inset to figures 3-4. The cumula-



tive normal probability density distribution is also shown
in Figures 3-4. It is seen that the mean spectra closely

follow the statistical normal distribution.

Table 1, summarises for northern hemisphere and south-
ern hemisphere, in terms of the number of grid points, the
following results of continuous periodogram spectral analy-
ses for sea air temperature and sea surface temperature.

(1) The total number of grid points for which unbroken data
is available. (2) time series data which follow normal
distribution characteristics. (3) Spectra which follow
normal distribution characteristics (4) Spectra for which
Tgo 1s less than 5-years, Tg, being the period up to which
tge cumulative percentage contribution to total variance is
equal to 50. (5) Spectra which exhibit dominant (normalised
variance greater than one) periodicities in the wavebands,
2-3, 3-4, 4-8, 12-20 and 20-28 years. The above period
ranges were chosen with reference to model predicted intrin-
sic periodicities 2.2, 3.6, 5.8, 9.5, 15.3 and 24.8 years
for values of n ranging from -1 to 4 (Eq.2).

The smooth rotation of the phase angle with increase in
period is shown in Fig. 5 for air and sea temperatures for
one representative grid point each.

4. Discussion and Conclusion

From Figs 3-4 and Table 1 it is seen that the spectra
of temporal (years) fluctuations of surface (air and sea)
temperature follow the universal and unique inverse power
law form of the statistical normal distribution such that
the square of the eddy amplitude represents the eddy prob-
ability density corresponding to the normalised standard
deviation t equal to (log L,/log Tg,)-1 where L, is the
period in years and T refers to the period up to which the
cumulative percentage contribution to . total variance is
equal to 50. Inverse power law form for the power spectra of
temporal fluctuations is a signature of self-organized
criticality in the non-linear variability of surface temper-
ature. The unique quantification for self-organized criti-
cality in terms of the statistical normal distribution
presented in this paper implies predictability of the total
pattern of fluctuations in the atmospheric surface tempera-
ture over a period of time, 28-years in the present study. It
may therefore be possible to predict future trends in at-
mospheric surface temperature. Fig. 5 shows that there is a
continuous smooth rotation of phase angle with perioed in
the spectra of surface temperatures consistent with model
prediction of spiral like structure for the atmospheric eddy
continuum.



The spectra exhibit dominant periodicities (Table 1)
which correspond to the model predicted time periods of the
internal circulations of the quasi-periodic Penrose tiling
pattern equal teo ' 2.2, 3.6, 5.8, 9.5, 15.3 and 24.8 Yyedrs
(see section 2 above). Periodicities of 2-3 years and 3-7
years have been widely documented in meteorological time
series data and refer respecting to the high and low fre-
guency components of the El-Nino/Southern Oscillation (ENSO)
cycle. The dominant periodicities in the atmospheric surface
temperatured time series may therefore be expressed as
functions of the golden mean and these periodicities are
intrinsic to atmospheric flows powered by the annual cycle
of solar heating.

Most of the spectra show (Table 1) that periodicities
up to 54years contribute as much as 50% of the total var-
iance and therefore near future flow pattern trends may be
estimated by high frequency periodicities up to 5-years.

The present study shows that atmospheric flows self-
organize to form a universal eddy continuum. Such a concept
rules out indefinite linear secular trends in surface (air
and sea) temperatues. Ghil and Vautard (1991) also conclude
that warming signals may not be detectable in the near
future in the presence of bidecadal -and other oscillatory
modes in surface air temperature.
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