Implementing non-normal distributions of log-returns in 1 day VAR model

The goal of this development is to capture fat tails in the distributions of daily log-returns which is especially pronounced in power price data (see an example of normalized log-returns for Cinergy (curve R4) below) but is also visible in some other commodities prices (gas basis prices).  

Implementation involves addressing the following issues:
1. Choosing the appropriate distribution for every contract;
2. Generating correlated random variable having chosen distributions.

In order to come up with the distribution for each contract I suggest:
1. Collecting time series of daily prices based on the “promptness” of the contract as long as these prices are available in Enron’s database (5-6 years of data for gas, 2-3 years for power).
2. Normalization of daily log-returns by subtracting 21 day rolling average from each log-return and dividing by 21 day rolling volatility. 
3. Fitting empirical distribution with RTDM distribution (named after Ramberg (1979)) with 4 parameters a, b,  and  (see below the figure with an example of fit for power region R4 data and the comparison of some statistics for the fitted RTDM distribution versus standard normal distribution in Appendix 1). RTDM distribution is defined as follows:
		(1)

4. This analysis can be done prior to running VAR model for each primary curve, for each contract up to certain maturity. The analysis can be repeated regularly as the new data arrives to update RTDM parameters. This analysis does not have to be repeated frequently since it is based on long time series. The outcomes of the analysis (fitted distributions) are not going to change significantly with each update (stability of VAR inputs is guaranteed).


A method of generating non-normally distributed correlated random variables is suggested by Stein(1987). This method requires generating normal correlated random variables and transformation of each simulated normal value x into non-normal value y by calculating:
				(2)
(using Latin hypercube is also recommended). This transformation distorts the original correlations, and the distortion depends on actual distributions used. Some numerical experiments should be done to examine resulting correlations.

The prices would be simulated according to the stochastic equation:
,				(3)
where  has RTDM distribution,  is chosen so that expectation of p(t+) equals p(t) (see Appendix 2),  and standard deviation of  matches forward forward daily volatility for this price.


Appendix 1:	Statistics for a fitted RTDM distribution versus the same statistics for standard normal distribution.

The table below is based on RTDM distribution parameters that were calculated for R4 prompt month prices data for a period from 1/1998 to 9/2000. 
As a result of “fat tails” in the fitted distribution the Conditional Mean Loss for the fitted distribution under the condition of returns being less than 1% quantile equals to –4.293 versus   –2.665 for standard normal distribution.

	Percentile
	Quantile 
(RTDM)
	Quantile 
(Normal)
	Conditional Mean Loss
 (RTDM)
	Conditional Mean Loss 
(Normal)

	5
	-1.498
	-1.645
	-2.436
	-2.063

	1
	-2.888
	-2.326
	-4.293
	-2.665

	0.5
	-3.681
	-2.576
	-5.357
	-2.892

	0.1
	-6.165
	-3.090
	-8.695
	-3.367




Appendix 2:	Choosing the drift in stochastic equation for forward prices simulation with non-normal log-returns

We would like keep martingale property for forward prices simulated using equation (3). That means that
,
or


The last equation implies that



The integral can be calculated numerically.
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R4 prompt contract data fit with RTDM distribution
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