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Abstract 

The distribution of price returns is studied for a class of market models with Markovian dynamics. The models have a 
non-constant diffusion coefficient that depends on the value of the return. An analytical expression for the distribution of 
returns is obtained, and shown to match the results of computer simulations for two simple cases. Those two cases are 
shown to have exponential and "fat-tailed" power-law decaying distributions, respectively. 
© 2005 Elsevier B.V. All rights reserved. 
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1. Introduction 

Statistical analysis has established that a wide range of physical and other processes have non-Gaussian 
distributions. They include temperature fluctuations in hard turbulence [1], diffusion in inhomogeneous media 
[2,3], and price variations in financial markets [4,5]. One common characteristic in these distributions is the 
presence of exponential or power-law tails, signifying a more frequent occurrence of large deviations than 
expected from a collection of independent, identically distributed events [6]. The width of the distributions 
have also been shown to scale as the time interval during which the fluctuations occur. Based on these 
properties, it has been proposed that Levy distributions be used to describe fluctuations in the underlying 
processes [7,8]. In this paper, we propose an alternative explanation for the non-Gaussian distributions, 
namely a non-uniform diffusion rate [9,10]. The discussion here is based on fluctuations in financial markets. 

Financial markets are nonstationary, far from equilibrium systems. Consider a stock whose price at time t is 
given by 5(f). Mos t financial market analyses are conducted in terms of the " re turn" of a stock, 
x(t) = ln[5(f)/5o], where So is a reference price [11,12]. Empirical studies find that the variance of the returns 
grows approximately linearly with time, cr2 = ((Ax) 2) oc t, so that statistical equilibrium is never achieved. 
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