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Volatility Smile, Relative Deviation and
Trading Strategies:
A General Diffusion Model for Stock Price
Movements Based on Nonlinear
Birth-death Process

WEI ZENG

(China Investment Corp.)

Pine CHEN

(Peking University and Fudan University)

Abstract Empirical observation of volatility smile in stock returns and stable relative de-
viations in stock indices introduce new direction in modeling option pricing. Nonlinear sto-
chastic model of population dynamics is a better alternative for the representative agent mod-
els in stock price movements. In behavioral finance, investors can be simplified into two cate-
gories with different trading strategies: the contrarian investors and the momentum investors.
The birth-death process is introduced to describe stock price fluctuations. The general diffu-
sion process can be obtained as a limiting case, so that we have a unified framework in under-
standing existing models in option pricing theory,including the geometric Brownian Motion,
the model of Constant Elasticity of Varianc, the Residual Volatility and term structure of in-
terest rates. Our model is capable of demonstrating volatility smile and stable relative devia-
tion from real data. Parameter estimations and empirical tests are conducted in fitting
S&.P500 indices and price forecast in index option. It is a better alternative to the Black-
Scholes model in option pricing.
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