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We use HJM technology to simulate forward prices. At any given time in the future, we have prompt month price, prompt+1 month price, and so on.  In this note we propose a new spot price process. To demonstrate the usefulness of this proposal we firstly start with historical data analysis.  

The spot prices have high correlation with the prompt prices. Taking the spot price sample for Henry Hub and NYMEX prices between April 98 to September 99, we did a regression



where  is the prompt month price and  is the residue .  We find the R-Square for this fit is 78%.
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 However if we include the slope of the forward curve as explanatory variable, or a regression as follows

,
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The R-Square is improved to 80%.  Since the slope of the forward curve at the front end contains important information about seasonality, therefore  is a better predictor of the spot price. 
In Fig. x we plot the spot price, F0, prompt (F1) , and prompt+1 (F2)  prices. 
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Based on the data analysis, we propose the following process to model the spot price process of nature gas,

,   
where  is the seasonal bias,   is the maturity date of the latest matured forward, and  is normal random variable with zero mean and standard deviation one.   The seasonal spread is modeled as a Wiener process with mean  and variance , its correlation with the prompt month price returns can be specified as .  

A few observations about the price process are worth to mention.  The first term  converges to the maturing forward  at time .  Immediately after the prompt month rollover,
 is pulled back to  at the beginning of new prompt month, that is set at the last matured forward price.  Therefore the non-arbitrage requirement is reinforced up to the seasonal bias.  

Traders usually have good ideas about forward-forward volatility (omicron volatility  ),  thus  is not independent.  If we assume the volality for  is the same as  ( empirically it is
a good approximation, see Fig. x),  then we can calibrate the spot volatility by choosing appropriate  through the following equation

.
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The left hand side of the above equation is the variance of the spot prices at time T1, the first term on the right hand side is the variance for F0.  We can solve  in a quadratic equation.   This way the spot prices will have the correct omicron volatility that trader inputs.  In general, omicron volatility is greater than the prompt month volatility. However, if the opposite occurs (only possible in summer time) we will not have a real number for .  In such occasion  is set to zero. The consequence is, spot price equals  + s , which is very good already according to historical data (see Fig. ‘Predict spot price from forward curve’).


























Schematic illustration of the spot price process
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HJM+Spot Simulation
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F1 vs. Spot
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Spot Price vs F0
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predict spot from foward curve
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F0 & F1 30 days rolling Vol
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