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ISSO funds were used to support graduate student Angel L.
Alejandro-Quinones for the summer months of 2004. Our
work during that time led to two papers.2,3 In the first paper,
submitted to Physical Review E, we show that continuum
limit of the model can be solved exactly, and that, depending
on the functional form of the diffusion coefficient, the price
return distribution can be either an exponential, or a “fat-
tailed” power-law. Furthermore, the range of critical expo-
nents found that describe the “fat-tailed distributions” is
exactly the range observed in real markets. In the second
paper,3 which will also be orally presented in the upcoming
SPIE conference “Fluctuations and Noise 2005” in Austin,
Texas, in May, 2005, we investigate the effects of discreteness
on the continuum limit solution. Real financial markets are, of
course, discrete. Discrete distributions were determined using
simulations as well as numerically exact calculations and
compared to the corresponding distributions of the continuum
model. Interestingly, a novel type of phase transition is dis-
covered in discrete models that lead to “fat-tailed” distribu-
tions in the continuum limit, shedding light on the nature of
such distributions. The transition is to a phase in which infi-
nite price changes can occur in finite time.
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RESEARCHERS HAVE BEEN INVESTIGATING A DIFFUSIVE

model with a price dependent diffusion coefficient to
understand the occurrence of non-Gaussian price

return distributions that are observed empirically in real
financial markets. The work also applies to other physical
processes that have non-Gaussian distributions of associated
quantities, including temperature fluctuations in hard turbu-
lence and diffusion in inhomogeneous media.

Empirical studies of price returns in financial markets have
shown that their distribution is not Gaussian. Instead, they
have either an exponential distribution, or a “fat-tailed”
power-law distribution. In either case, large deviations occur
more frequently than expected from a collection of independ-
ent, identically distributed finite events. To explain the occur-
rence of these empirical distributions, Levy flights have been
proposed as the underlying dynamical processes responsible
for the distributions of returns that are observed. Recently,
however, an alternative dynamical model was proposed to
explain the occurrence of the non-normal distributions. The
model is a diffusive model with a price dependent diffusion
coefficient. The continuum limit of the model can be solved
exactly, and, depending on the functional form of the diffu-
sion coefficient, we have shown that it can produce either
exponential or power-law return distributions.

The model1 is defined by considering a stock whose price at
time t is given by S(t). The “return” of the stock is then
defined as x(t) = ln[S(t)/S0], where S0 is a reference price. The
value of the return is assumed to have a diffusive dynamics in
which the diffusion coefficient depends on the current value
of the return. In particular, the model assumes that the diffu-
sion coefficient can be expanded as

D(u) = D0(1 + ε1|u| + ε2u
2 + …)

where u = x/√t is a scaling variable, and the εis are non-nega-
tive constants.
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