Time evolution of the probability distribution of returns in the Heston model of stochastic volatility compared with the high-frequency stock-market data

V. M. Yakovenko, A. C. Silva, and R. E. Prange

Department of Physics, University of Maryland, College Park, MD 20742, USA

An analytical formula for the probability distribution P_t(x) of the log-returns x after the time lag t was derived in Ref. [1] for the Heston model of stochastic volatility [2]. In Refs. [1] and [3], this formula was compared with the daily data for the major stock-market indexes, and a good agreement was found for the time lags t from a day to a year. Now we compare the formula with the high-frequency, tick-by-tick data for share prices of selected companies, such as Johnson & Johnson (JNJ) and Intel (INTC). With a given set of three parameters, we find a reasonable agreement between the data and the theory for the time lags from 5 minutes to about 3 months. The formula derived in Ref. [1] evolves continuously from an exponential, tent-shape distribution for short t to a Gaussian distribution for long t. This shape evolution correctly captures the main features of data behavior.

Ref. [1] gives a closed-form and relatively simple formula for the characteristic function (the Fourier transform) P̃_t(k) of P_t(x). For this reason, we have developed a method for direct calculation of the characteristic function P̃_t(k) from the data set. Straightforward comparison between the empirical and theoretical characteristic functions greatly simplifies determination of the model parameters and improves the accuracy of the fit. This general method may useful for other quantitative studies of stock market as well.

References

[1] A. A. Drăgulescu and V. M. Yakovenko, Quantitative Finance 2, 443 (2002) [cond-mat/0203046].

[2] S. L. Heston, Review of Financial Studies 6, 327 (1993).

[3] A. C. Silva and V. M. Yakovenko, Physica A 324, 303 (2003) [condmat/0211050].