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Abstract

We report analogies and differences between the fluctuations in an economic index and the
fluctuations in velocity of a fluid in a fully turbulent state. Specifically, we systematically compare
(i) the statistical properties of the S&P 500 cash index recorded during the period January 84—
December 89 with (ii) the statistical properties of the velocity of turbulent air measured in
the atmospheric surface layer about 6 m above a wheat canopy in the Connecticut Agricultural
Research Station. We find non-Gaussian statistics, and intermittency, for both processes (i) and
(ii) but the deviation from a Gaussian probability density function are different for stock market
dynamics and turbulence.

Stock exchange time series have been modelled as stochastic processes since the
seminal study of Bachelier published at the beginning of this century [1]. Several
stochastic models have been proposed and tested in the economics [ 2—9] and physics
[ 10—14] literature. Alternative approaches based on the paradigm of chaotic dynamics
have been also proposed [ 15—17]. Several statistical techniques (e.g. the measure of the
probability density function, the measure of the spectral density, etc.) commonly used
in the study of the stochastic processes have been used for a long time in turbulence
[18,19]. Moreover, in recent years there has been much effort to select stochastic process
with statistical properties that are close to the one observed in turbulence [20]. Here
we report analogies and differences between the quantitative measures of fluctuations
in an economic index (i) and the fluctuations in velocity of a fluid in a fully turbulent
state (i1). We observe non-Gaussian statistics, and intermittency, for both processes (i)
and (ii) but the time evolution of the second moment and the shape of the probability
density functions are different for stock market dynamics and turbulence.
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Fig. 1. (a) Time evolution of the S&P 500, sampled with a time resolution Ar=1h, over the period
January 1984 -December 1989. (b) Hourly variations of the S&P 500 index in the 6-year period January
1984-December 1989. (c) Time evolution of the wind velocity recorded in the atmosphere at very high
Reynolds number; the Taylor microscale Reynolds number is of the order of 1500. The time units are given
in arbitrary units. (d) Velocity differences of the time series given in (c).
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Fig. 1. contd.

The economic data set consists of all 1447514 records of the S&P 500 cash index
recorded during the period January 84-December 89. In our analysis we define a “trad-
ing time” starting from the opening of the day until the closing, and then continuing
with the opening of the next trading day. The time intervals between successive records
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Fig. 2. (a) Standard deviation az{At) of the probability distribution P(Z) characterizing the increments Zx,(¢)
plotted double logarithmically as a function of As for the S&P 500 time series. After a time interval of
superdiffusive behavior (0 < Ar<15min) a diffusive behavior close to the one expected for a random process
with independent identically-distributed increments is observed; the measured diffusion exponent 0.53 is close
to the theoretical value % (b) Standard deviation oy(At) of the probability distribution P(U) characterizing
the velocity increments Up,(¢) plotted double logarithmically as a function of At for the velocity difference
time series in turbulence. After a time interval of superdiffusive behavior (0 < Ar<10), a diffusive behavior
close to the one expected for a fluid in the inertial range is observed (the measured diffusion exponent 0.33
is close to the theoretical value %). (c) Spectral density of the S&P 500 time series. The 1/f2 power-law
behavior expected for a random process with increments independent and identically distributed is observed
over a frequency interval of more than 4 orders of magnitude. (d) Spectral density of the velocity time series.
The 1/ inertial range (low frequency) and the dissipative range (high frequency) are clearly observed.



























