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The usual assumption made for asset price evolution in many markets is the Geometric Brownian Motion model employed by Black-Scholes-Merton.  However this model allows prices to wander off to unrealistic levels when applied to energy markets.  The same approach, used in the modelling of two related commodities, like natural gas and power, or peak and off-peak electricity prices, may produce unrealistic spreads between them.  Departures from “normal” price spreads are possible in the short run under abnormal market conditions, but in the long-term, supply will be adjusted and the prices will move to the level dictated by the marginal cost of production.  In this article we analyse this so-called mean reversion, which was first described by Vasicek (1977) for modelling interest rate dynamics and which has subsequently been widely adapted.  Figure 1 shows the Henry Hub Natural Gas spot price and the daily average New South Wales (NSW) electricity pool price for the period from 1 January 1999 to 31 December 1999.  Although both time series display differing characteristics, a common feature is the tendency of the prices to revert back to some long term level and not drift off to higher and higher values.

Figure 1: Henry Hub Natural Gas Spot Price and NSW Daily Average Pool Price
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1 January 1999 to 31 December 1999

Mean reversion can be understood by looking at a simple model of a mean reverting spot price represented by the following equation;
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In this model the spot price mean reverts to the long-term level 
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 at a speed given by the mean reversion rate,  which is taken to be strictly positive.  If the spot price is above the long-term level 
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 then the drift of the spot price will be negative and the price will tend to revert back towards the long-term level.  Similarly, if the spot price is below the long-term level then the drift will be positive and the price will tend to move back towards 
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.  Note that at any point in time the spot price will not necessarily move back towards the long term level as the random change in the spot price may be of the opposite sign and greater in magnitude than the drift component.  A key property of a mean reverting process is the half-life.  This is the time taken for the price to revert half way back to its long-term level from its current level if no more random shocks arrive.  For the model in equation (1) we have that the half life is given by t1/2 = ln(2)/  The mean reversion rate of the spot gas price and the average electricity price of figure 1 is approximately 5.2 and 98.5 respectively, implying that the spot price for gas tends to be pulled back to its long term level over a period of roughly 7 weeks whilst for average electricity prices this is 2.5 days.  Table 1 gives the half-life for a range of values of the mean reversion rate.

Table 1: Mean Reversion Rates and the Corresponding Half-Lives

	
	t1/2

	1
	8 months

	10
	25 days

	100
	2.53 days

	1000
	6 hours


It is important to realise that these times are averages.  Only on average over a long time period, will shocks to the spot price take the time given by the half-life to decay to half their deviation from the long term level.

Estimation of the Mean Reversion Rate

The mean reversion rate of the spot energy price can be estimated relatively simply and robustly via linear regression.  Although it is not difficult to extend the analysis to more complicated processes we consider here the simple mean reverting process for the natural logarithm form of the energy spot price in equation (1), 
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This can be discretised as follows;
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where 
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.  This implies that observations of the spot price through time can be considered as observations of the linear relationship between xt and xt in the presence of noise (represented by t).  Therefore, if we regress observations of xt against xt we can obtain estimates of 
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 as the estimates of the intercept and slope of the linear relationship.  Since we know the time interval between observations t we can obtain estimates of  and 
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.  The volatility ( can also be calculated straightforwardly from the normal distribution of the error term.

Estimation of the Mean Reversion Rate of Natural Gas Spot Prices

As an example we take the Henry Hub Natural Gas spot price from figure 1 yielding 260 data items with t = 0.003846.  Figure 2 illustrates the data in terms of changes x plotted against x and also the linear regression estimated straight-line fit to the data.

Figure 2 : Linear Regression Estimation of the Mean Reversion Rate of Henry Hub Natural Gas 1 January 1999 to 31 December 1999 (USD/MMBTU)
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The estimates from the linear regression are (standard errors in parentheses):
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=  0.0168 ( 0.0097 )
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which implies  = 5.21 ( 3.09 ).  This value of  and standard error implies a half-life for price shocks of between 1 and 4 months.

Using data for the calendar year 1999 Table 2 shows the mean reversion analysis for a range of spot energy prices; Brent crude oil, WTI crude oil, Henry Hub natural gas (HH nat. gas), NSW daily average spot electricity prices (NSW daily), NSW half hour spot electricity prices (NSW 1/2h) and California Power Exchange (CalPX) daily prices.

Table 2: Mean reversion analysis for a range of spot energy prices

	Energy
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	(

	Brent crude
	0.0196
	(0.0144)
	-0.0056
	(0.0050)
	1.4664
	(1.3000)

	WTI crude
	0.0234
	(0.0163)
	-0.0070
	(0.0056)
	1.8225
	(1.4445)

	HH nat. gas
	0.0168
	(0.0097)
	-0.0200
	(0.0119)
	5.2115
	(3.0920)

	NSW daily
	0.8301
	(0.1115)
	-0.2699
	(0.0361)
	98.5128
	(13.1649)

	NSW 1/2h
	0.3059
	(0.0101)
	-0.1010
	(0.0033)
	1769.9766
	(57.9761)

	CalPX
	0.4406
	(0.0846)
	-0.1337
	(0.0256)
	48.8159
	(9.3611)


Mean reversion rates for most energy prices, with the obvious exception of electricity, are relatively low with half lives typically between one and six months.  Half lives for electricity prices are generally a few hours – for example the figure for half hourly NSW electricity prices is approximately 3.5 hours.  The low levels of mean reversion imply that typically at least a years worth of daily data is required to obtain reasonably accurate estimates of the mean reversion rate.  In electricity markets the spot price can often be observed on an hourly or half-hourly basis which gives between roughly 720 and 1440 data points per month.  Therefore it is possible, for electricity spot prices, to estimate seasonal mean reversion parameters on a monthly or even weekly basis.  Figure 3 displays estimates of the mean reversion rate for NSW spot prices on a weekly basis, using half hourly observed prices for 1999.
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Figure 3 : Mean Reversion Rate of NSW Electricity Pool Prices on a Weekly Basis

Concluding remarks

For some energy commodities, particularly power, more complex behaviour than the pure mean reversion model of this article may exist and should be incorporated in trading systems.  First of all, the speed of mean reversion may be different below and above the long-term level.  Secondly, in many markets, especially in the case of electricity, one can expect more departures to the upside, than to the downside.  Thirdly, price spikes are often observed which frequently appear to be ‘neutralized’ shortly after the initial spike.  The mean reversion process generally produces a re-adjustment that is less abrupt.  However, in markets such as oil and gas the pure mean reversion model gives a simple and robust way to capture a key property of the data.  In our next article we discuss explicitly incorporating price jumps into the model.
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