Parameter Estimation for Some Stochastic Processes

Alex Huang

This is continuation of a similar parameter estimation work Tanya initiated.  The idea is to make the estimation procedure more consistent.  We restrict attention to four processes:  (1) Geometric Brownian Motion; (2) Mean Reversion; (3) Jump-Diffusion; and (4) Jump-Diffusion with Mean Reversion.  Model fitness is measured by comparing sample distribution with the theoretic distribution with the estimated parameters, using Kolmogorov-Smirnov test. 
(1) Geometric Brownian Motion

a) Process:
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b) Method:
Since we can rewrite the price process as follows:
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we can estimate 
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 by estimating the mean and variance of 
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(2) Mean Reversion

a) Process:
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b) Method:
We rewrite the price process as follows:
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We then regression 
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 to obtain the desired parameter estimation. 

(3) Jump-Diffusion

a) Process:
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where 
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 is a standard Brownian motion, 
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 measures the mean percentage jump size conditional on one jump happening, and 
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 is normally distributed with 
[image: image16.wmf])

,

(

2

J

J

N

s

m

. 

b) Method:
Again, we rewrite the process as:
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Let 
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  Its first to the fifth moments are given below:
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We use generalized method of moments to estimate these parameters, using simulated annealing to minimize the objective function.  This is a highly unstable process.  However, it turns out that this procedure yields consistent 
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.  So we make additional iteration.  We use GMM on the full model first.  Then with given 
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 from the third and the fourth moments.  With the estimated 
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 from the fifth moments.  This iteration yields consistent estimates. 

(4) Jump-Diffusion with Mean Reversion

a) Process:
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b) Method:

The process can be written as: 
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The left hand side then has the following probability density function: 
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where 
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 EMBED Equation.3  [image: image33.wmf].
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We use simulated annealing method to minimize the distance between the sample distribution and the theoretical distribution and obtain estimated parameters.  Again, the values of estimated 
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are not consistent.  This is corrected by regressing 
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