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In our last article (EPRM Jan 2001) we discussed the use of Monte Carlo simulation as a numerical technique for the pricing of European style energy derivatives that involve path dependent payoffs, payoffs dependent on multiple energies, and other real world effects.  The model used as an illustration of the technique was a reasonably simple, single factor, mean reverting model.  However as we commented in our December 1999 EPRM article, some energy prices, with electricity being the classic example, often exhibit sudden, unexpected and discontinuous changes and a model of this type struggles to capture this type of behaviour.  To illustrate, Figure 1 shows two time series for electricity prices.  The first (1a) is a plot of the Australian New South Wales (NSW) half hourly electricity pool price for 1999.  The second (1b) shows the daily average CalPX price for the same period.

Figure 1 (a) : Australian NSW Electricity Pool Prices for the Period for 2000
[image: ]
Figure 1 (b) : CalPX Electricity Pool Prices for the Period for 2000
[image: ]
Both figures clearly show that the presence of jumps is a significant component of the behaviour of electricity prices.  In this article we extend the techniques developed in the January article to simulating the mean reverting jump diffusion (MRJD) model we introduced originally in our November 1999 EPRM article, and which can be represented by the following equation;

		(1)

The proportional jump size is  which is random and is determined by the natural logarithm of the proportional jumps being normally distributed.   is the mean jump size and  is the standard deviation of the proportional jump size which we call the jump volatility.  The annualised frequency of jumps is given by , which is the average number of jumps per year.  

For most numerical purposes we prefer to work with a variable which is the natural logarithm of the spot price ,, rather than the spot price itself.  The MRJD model described by equation (1) can be discretised in logarithmic form as follows;

		(2)

where 1 and 2 are independent standard normal random variables and u is a uniform (0,1) random sample.  The term ( ui <  t ) is taken to be one if the condition is true and zero otherwise - this generates jumps randomly at the correct average frequency in the limit as  tends to zero.  When a jump occurs, its size is the mean jump size plus a normally distributed random amount with standard deviation  determined by 2.  In order that the frequency of jumps is correctly simulated, the time step t must be small relative to the jump frequency such that  t is much less than 1.  Once the parameters , , ,  and t have been chosen, at each time step, we first generate a uniform random number, u, in order to determine if a jump should occur.  If a jump is to occur we generate the normally distributed random number 2 which determines the size of the jump.  Finally, we generate the normally distributed random number 1 which determines the usual Geometric Brownian Motion random change in the spot price.

The simulation of a single path, determined by equation (2) over a 1 year period using 10 time steps is shown in the lower set of boxed rows in Table 1.  The first row shows the time, the second shows the sample from the standard normal, , which determines the diffusion volatility, the third shows an independent sample from the standard normal, , which determines the jump size, which occurs dependent on the uniform random number, , in the fourth row.  The fifth row is a check of the condition in equation (2), with the last row computing the evolution of the (log of) the spot price.  The ‘1’ in the 5th row signifies a jump after the 6th time step.  The parameters usd for the simulation are shown in the upper set of box rows in table 1.

Table 1 : Simulation of the MRJD model
[image: ]
Table 1 demonstrates a very simple example for illustrative purposes.  Figure 2 shows a full simulated path for the model represented by equation (1) with half hourly time steps plus diffusion volatility, jump volatility, and mean reversion estimated for NSW data (see the Dec 2000 EPRM article for examples of estimating these parameters) for a 3 month time period. The jumps are indicated by the bold lines with diamonds at each end.

Figure 2 : A Simulated Mean Reverting Jump-Diffusion Path
[image: ]
Derivative pricing via simulation for the model represented by equations (1) and (2) then proceeds exactly as in our last article, as the discounted expectation of the terminal payoff with the expectation evaluated as the average of the simulated payoffs – (see equation (2) from the January article).  For example, table 1 also shows the payoff to the single simulated path to a 1 year European call option, with strike price K = 35, on the spot asset price which has an original value of $20.  At the maturity of the option (time t= 1) the spot price, represented by ST in table 1, is recovered as 40.38 = exp(3.698) and the payoff (CT) evaluated as the difference between this and the strike price.  We should also note that the comments in our last article regarding variance reduction, computation of hedge sensitivities, and random number generation also hold here.

We can illustrate a more realistic example of simulating the MRJD model by using the simulated electricity path of figure 2.  The price spikes in the electricity market have given rise to the demand for options that cap the n highest price spikes over a given period.  For example, consider a 3 month option on the NSW half hourly pool price that caps the 5 highest prices at A$50.  Figure 2 represents the path of the underlying asset under a single path, where we have marked the highest prices.  The payoff to the option under this simulation would therefore be;

	

Although we have concentrated in recent articles on simulation in spot price based models the principals carry relatively straightforwardly to multi-factor forward curve models – a topic we will return to in future articles.
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