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3.1
Introduction

Volatility is one of the critical concepts in option pricing and risk management.  Organized exchanges use volatility of the underlying commodities to determine the required level of margins that futures traders are required to post with the clearing house.  Volatility has been traditionally defined as the standard deviation of price returns and is routinely estimated from historical price series in countless spreadsheets all over the world.  In spite of its popularity, the notion of volatility is often misunderstood, especially when one applies this tool to the energy markets.  This concept has been defined and extensively researched in the context of financial instruments and one has to be very careful making generalizations.  It is critical that in practical applications in the energy industry one makes an effort to capture the salient features of the energy markets.  The points to make are:

· Volatility can be defined and estimated in a meaningful way only in the context of a specific stochastic process for the prices (price returns).

· The volatility definition and measure should capture the key features of energy markets, such as seasonal dependence on the price level

In the following we identify a number of practical problems of price process modelling in energy markets.

One implication of the assumption of the GBM process of equation (1.4) is the continuity of the line representing the sample trajectory of the price over time.  The line could be drawn, in principle, without removing the pencil from the sheet of paper.  The assumption of GBM as the process that describes the dynamics of the prices of financial instruments is an approximation of the behaviour observed in real markets and has to be treated as a stylised fact.  As a matter of fact, there is growing evidence that the behaviour of market prices did not conform in many past time periods to this standard assumption of financial economics.   One especially troubling observation is that the empirical frequency of the occurrence of extreme outcomes is larger than the probability implied by theoretical models.  This issue will be revisited below.

The assumption of GBM strikes anyone with practical experience in energy commodity trading as an unrealistic description of the observed behaviour of energy prices.  This has been recognized by a growing number of academics and practitioners who have devoted a lot of attention to developing more realistic models of energy commodity price behaviour, many of which are referred to in the following pages.  What follows is a brief review of the most important issues that have been overlooked in early modelling efforts and have been fully addressed only in recent research.  One should note that energy commodities are not created equal and many of the observations made below apply only to some subsets of their entire universe.

Investment assets vs. consumption goods.  The most obvious observation is that energy commodities cannot be treated as purely financial assets, which are treated by owners as an investment.  Energy commodities are inputs to production processes and/or consumption goods and this explains why many models based on a mechanical extension of the approach developed for financial markets may break down in the case of energy related contingent claims.  For example, the GBM assumption does not allow negative prices.  This assumption may be violated in practice often enough to require attention, especially in the case of electricity.  In some cases, prices of electricity bid into a power pool may drop to zero if some generators want to guarantee that their plants are dispatched for contiguous blocks of time, longer than a single time slot for which separate bids are accepted.  In some cases, the price may become negative, as power plants have to get rid of excess output and have no option to store electricity.  In other words, an assumption of free disposal, customarily made in theoretical models, does not hold. This problem has been addressed by some recently published papers (see Routledge, Seppi, Spatt (1999)).

Prices of energy commodities display seasonality.  By this we mean recurring regularities in price levels and/or price volatility observed over time.  Seasonality may correspond to the time of the year (winter vs. summer vs. shoulder month), or may be observed in intramonth, intraweek, and in some markets (like power) intraday prices.  Seasonality results primarily from regular demand fluctuations, driven in most cases, by recurring weather related factors.  Fluctuations in demand interact with the supply side factors: increased demand can be satisfied only from more expensive sources or by using more expensive production units.  In many cases, increased demand resulting from weather related factors might reach the levels at which supply becomes constrained by the capacity of the existing transportation or the transmission grid.  In many markets, seasonality may change over time due to the changes in economic conditions and technology.  For example, many natural gas marketers expect a change in seasonal price patterns in the US natural gas markets starting in year 2000, due to increases in the gas-fired generation capacity.  It is expected that in addition to the winter peak, one will observe a more pronounced July/August peak, related to air conditioning load. 

Recognition of the existing and possibly changing patterns of seasonality creates a need for forward-looking modelling. The information about future seasonality is often derived in formal models from the futures/forward prices that summarize all the information available to the market about future demand and supply patterns. Some recent papers offer ingenious methods of calibrating prices to forward price curves. (see for example Clewlow and Strickland (1999))

Commodity prices often display jump behaviour.  Jump behaviour, or ‘gapping’, is driven in many cases by fluctuations in demand and low elasticity of supply, reflecting rigidities in the transportation and transmission system and limited inventories.  We saw in section 2.7 a model to incorporate this affect.

Prices gravitate to the cost of production. The assumption of GBM allows prices to wander off to unrealistic levels. 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.  The departures from the cost of production, or “normal” price spreads is possible in the short run under abnormal market conditions, but in the long-term, the supply will be adjusted and the prices will move to the level dictated by the cost of production.  This adjustment can be captured via mean reversion which was introduced in chapter 2.  One could argue that the use of a mean-reversion process represents another case of looking for the car keys under the street light, even if they were lost somewhere else.  Vasicek (1977) first used a mean reverting model for modelling interest rate dynamics and subsequently the model was widely adapted.  In the case of energy commodities, a pure mean reversion model may not perform well.  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 downside4.  Thirdly, a price spike in one direction is frequently neutralized by a spike of similar magnitude and opposite sign, occurring shortly after the initial spike.  The mean reversion process generally produces a re-adjustment that is less abrupt.

Prices of energy commodities behave differently during different periods of their lives. This is especially true of forward prices. According to the so-called Samuelson’s hypothesis5, forward price volatility increases as they get closer to their maturity. This can be explained by the fact that more information becomes available as the forward contract gets closer to delivery period, and this results in more trading, which in turn produces more volatility. The authors believe that GBM may represent a reasonable approximation to the reality of forward markets. Once a forward contract reaches maturity and we enter the delivery period, the behaviour of prices becomes more erratic and subject to frequent  jumps6. This suggests that one can model price behaviour using more traditional apparatus like GBM or mean reversion during the forward stages of their life, switching to more complex processes to describe the dynamics of the spot price during the delivery month.

3.3
Estimating Volatility
In this section we look at issues concerning the estimation of volatility including both historical and implied measures.

3.3.1
Estimation of Volatility From Historical Data

The first step in the determination of the correct level of volatility is the examination of the historical price data.  In the case that the underlying spot price process is assumed to be GBM, volatility can be estimated from the historical price returns.  The process can be broken into several steps that can be easily carried out in a spreadsheet.

Step 1. Calculate logarithmic price returns.

This can be accomplished by forming the price ratios 
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and taking the natural logarithms of these ratios.  Price returns are typically calculated as 
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.  The logic of the approach described above is that for relatively small x, ln(1 + x) ( x.  Taking the natural log of 
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 is equivalent to taking the natural log of 1 + r, and this in turn is roughly equal to r.

The use of natural log returns has also some other additional advantages.  If one wants to calculate a log return over a longer time period, say from t to t+n, corresponding to the ratio 
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. Given that the log of a product is equal to the sum of the logs, one can easily show that a log return over the longer time period can be calculated as the sum of log returns for the sub periods.

Step 2. Calculate standard deviation of the logarithmic price returns.

Step 3. Annualise the standard deviation by multiplying it by the correct factor.

As a first approximation the annualisation factor depends on the price data frequency.  In the case that the data is monthly, the factor is (12; for weekly data it is (52.  For the daily data available for each calendar day one has to use (365.  If the information is available for trading days only, one should use the relevant number that may vary from jurisdiction to jurisdiction.  The standard usage is (250. 

The logic of annulaisation comes from the assumptions regarding additivity of variance. It is implicitly assumed in this approach that each period return is drawn from a certain probability distribution and we are estimating the variance of this unknown distribution from the time series data for the market closing prices, ignoring the information about price behaviour within the period (intraday, intramonth, etc.).  If the price returns for each period are iid (independent, identically distributed) random variables, the variance of the sum of n random variables, 
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, is equal to the sum of the variances (if price returns are uncorrelated):
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(3.1)

Given that all the variances are assumed to be equal, the variance of the sum is equal to the common variance of the underlying variables multiplied by n.  The standard deviation is equal to the common standard deviation multiplied by the square root of n.

Before we address the annualisation problem in more depth we offer a few warnings to try to avoid common pitfalls.  Firstly, energy price series tend to be of low quality in many cases.  It is therefore necessary to screen the price history for outliers that may significantly distort the estimates of volatility.  Secondly, in many cases the price data is obtained from the organized futures exchanges by stitching the numbers representing closing prices for the first available contract.  One should keep in mind that in calculating price returns, one should discard the observation corresponding to the contract rollover date (the day following the expiration of one contract, when we switch to the price data representing the new prompt contract).  The logic of this approach is that one can, hopefully, mitigate the seasonality problem in the price data.  Assuming that the prices corresponding to the same contract month are characterized by the same multiplicative seasonality factor, we get:
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where s represents the multiplicative seasonality coefficient, common to both prices, 
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) corresponds to the deseasonalised price for period t (t - 1).  When we form the price ratio based on different contracts, there is no guarantee that the seasonality coefficients will cancel.  Finally, we need to keep in mind that many energy commodities trade for 6 days during a week (for example, an on-peak period in California is defined as Monday through Saturday).

3.3.2
Estimation of Volatility for a Mean Reverting Process

For illustration in this section we assume a simple Ornstein-Uhlenbeck process for a particular price (spot or forward) S of the form
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If the starting price level is S(0), the expected price at time t will be given by 
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goes to 0, as t becomes large, the long-term expectation of price is equal to 
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One should observe that the second term in the equation (3.2) is similar to the diffusion part of GBM, but that the interpretation of volatility changes.  The change in price, dS, is measured in dollars per physical unit, dz, is unitless, and therefore ( in (3.2) must be measured in dollars as well, unlike volatility used in the Black-Scholes-Merton option model.  The important lesson here is that we define and estimate volatility in the context of the stochastic process assumption and when this changes, the interpretation of volatility changes as well.

Volatility can be equally easily estimated from the historical data, if a mean reversion process is assumed.  A spreadsheet-friendly technology that jointly estimates the mean reversion coefficient (c.f. section 2.9) and the volatility parameter, is based on discretisation of the continuous stochastic process given by equation (3.2) into the following equation that represents an autoregressive process of order one:
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(3.3)

This follows from the observation that the equation (3.2) is the limiting case of the following process (as dt (0):
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(3.4)

The error term in (3.4) is normally distributed with variance given by:
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The parameters of the original equation (3.2) can be recovered from the estimated coefficients of the discrete version:
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3.3.3
Volatility Estimation: Special Issues

This section will contain the discussion of several special issues: the choice of the annualisation factor and the use of intra-period data (typically this means intraday prices).

A typical textbook discussion of the annualisation factor typically evolves around the correct number of trading days in a year.  However, the issue is more complicated than this.  French and Roll (1986) compared the variance of price returns during the week with the variance of price returns calculated for the weekend.  One can calculate four daily price returns for weekdays (Monday over Tuesday, Wednesday over Tuesday, etc) and one weekend return (Monday close to Friday close).  For the US stock data used in their study the authors determined that the weekend was equivalent to 1.107 trading days.  This result can be easily explained.  Volatility is related to trading activities that are in turn triggered by the flow of information into the trading rooms.  Over the weekend, the information flow slows down when trading is suspended and new information is processed during trading activity on Monday.  This explains why the three calendar day period is practically equal to one trading day.  Using this finding one can argue for an annualisation factor of 266 [= 52 * (4 + 1.107)].

However, energy markets are different.  In many cases the information flow does not slow down significantly on weekends.  One can argue that the information regarding political events and weather (which is extremely important for the natural gas, heating oil, propane and electricity markets) keeps flowing roughly at the same rate over the weekend as during the working week.  Data analysis confirms our intuition.  We have looked at the weekday/weekend volatility for natural gas and crude oil using the prompt month NYMEX contracts yearly from 199 until the first quarter of 2000.  The results are summarized in Table 3.1.

Table 3.1: Weekday/Weekend Volatility Ratio (%)

	Year
	
	Natural Gas
	Crude

	
	
	
	
	

	1995
	
	103.41
	
	119.81

	1996
	
	134.57
	
	138.05

	1997
	
	128.72
	
	113.98

	1998
	
	125.03
	
	144.51

	1999
	
	115.47
	
	88.17

	2000
	
	152.78
	
	93.51

	
	
	
	
	

	
	
	
	
	

	Average
	
	125.02%
	
	125.90%


As we can see, the ratio of weekend to weekday volatility may be significantly higher than in the case of equities.  On average, the volatility ratio implies the annualisation factor of the square root of 273 [= 52 * (4 + 1.25)].

What can be done in view of these findings?  One natural solution is to agree on the annualisation factor that will be used across the board for all commodities.  This guarantees that any volatility quote will be unambiguous and can be restated by another trader based on his personal views of the market.  Our recommendation is to use (250.

3.3.4
Intraday Price Variability

Volatility is typically estimated from the market closing prices.  In many cases, using closing price information for volatility estimation causes loss of very valuable information as additional information is available about the price changes between the market opening and closing prices.  Many markets, and energy markets in particular are characterized by very high volatility of intraday prices.

3.3.5
Estimation of Volatility For a Basket

In many energy markets, both producers and end-users hedge their price exposures with so-called basket options.  A basket option is defined in terms of a sum of two or more prices.  In some cases, the prices may be weighted using weights corresponding to the option buyer’s economic sensitivity to different component prices.   For example, an oil and natural gas producer may be interested in buying an option on a composite commodity that is constructed by weighting oil and gas prices (expressed in terms of a common BTU equivalent) by 0.7 and 0.3, respectively.  To be more precise, the call option payoff is defined as
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and the put option payoff is defined as
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where 
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 stand for the prices of the oil and gas and the w’s stand for the weights. These options can be seen as options written on a composite energy with the volatility derived from the volatilities of the contributing commodities.  The question is how to derive this composite volatility in a formal way.  The answer is produced through the application of Ito’s lemma.

Assume that the prices of the two commodities follow GBM processes given by
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where dz and dw stand for correlated (with a coefficient () Brownian motions.  The multivariate extension of Ito’s lemma to some function 
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Applying Ito’s lemma to 
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3.3.6
Implied Volatility

The previous sections have dealt with estimation of volatility from historical data.  The job of an option trader is to guess what is the level of volatility expected in the future.  A buyer or a writer of an option that is unhedged effectively makes a bet on the price level of the underlying instrument. An option trader who hedges makes a bet on volatility.  Volatility that is used as an input to an option pricing formula that equates the model price with the market price is called an implied volatility.  It is implied in the sense that once an option market price is known one can use the option pricing formula to calculate the volatility input, given that other inputs are known (maturity, the current price of the underlying, interest rate, the strike price).  Volatility can be ‘backed out’ from market prices using a trial and error method or a program allowing for a solution of a nonlinear equation (an option pricing equation in this case).  In practice, implied volatility is usually quoted for at-the-money options and is often calculated based on the average of an at-the-money straddle (a call and a put with the same strike price).

It is well-known fact that out-of-the-money options trade at volatility levels that diverge from at-the-money volatility.  This is often referred to as a volatility smile (or a frown, smirk, etc. depending on the shape of the curve).  The traders try to compensate for the shortcomings of the model by adjusting the inputs to the model.  Given that most inputs are well defined and directly observable and cannot be adjusted at will, this leaves only one free parameter that can be manipulated.  The adjustment would lead typically to a volatility smile – the traders increase the volatility for out-of-the-money options to compensate for flat volatility model derived valuations that are perceived to be too low.  There are many competing explanations why this is the case, which are not necessarily mutually exclusive. 

The first explanation is related to well-known shortcomings of the Black-Scholes-Merton model which is based on the assumption of normality of price returns and as such understates the probability of extreme outcomes.  One consequence of jumps, in for example electricity prices, which is important from the point of view of management of portfolios of power derivatives, is the presence of so-called fat tails. This term is used to refer to the fact that the probability of extreme outcomes inferred from the empirical data exceeds theoretical probabilities which are based on probability distributions typically assumed in the model.  Distributions displaying fat tails are referred to as leptokurtic.  The property is measured by kurtosis, or the fourth moment around the mean, which for the normal distribution is equal to three (in some computer programs, this number is adjusted to be equal to 0).  Table 3.2 displays calculated values of kurtosis for a number of price indices in the US power markets to illustrate the prevalence of leptokurtic distributions in the electricity markets.  The program used for this calculation produces zero kurtosis for the normal distribution.  Hence, we use the traditional term “excess kurtosis”.

Table 3.2: Excess Kurtosis of Selected Power Prices, 29/6/1995 - 2/10/1997.

	Location
	PJM
	Palo Verde
	COB

	
	
	
	

	Kurtosis
	4.87
	14.48
	10.78


One should notice that there are several competing explanations of the presence of fat tails in empirical price distributions.  One source of fat tails is the presence of jumps in the prices which, as we have seen, are a typical feature of power markets. Another explanation is that the parameters of the distribution of returns (which is usually assumed to be normal) vary over time.  Empirical observations of returns are drawn in this case from a mixture of distributions.

This feature of power markets creates not only a challenge from the point of view of pricing electricity derivatives but also from the point of view of portfolio management and value-at-risk calculations. Value-at-risk is a shorthand term for a system that measures the potential loss in the value of a portfolio of financial instruments over a specified time period, typically one day, with a given probability, and a subject which is covered in some depth in chapter 10. For portfolios that include electricity derivatives, incorporation of gapping prices is of critical importance to insure a necessary degree of realism14.  The degree to which empirical distributions may diverge from theoretical distributions can be assessed comparing the third and fourth moments of the empirical distributions with the theoretical levels (both equal to zero).

An alternative explanation for volatility smiles deals with the microstructure of the markets.  In many emerging energy markets, insufficient liquidity or lack of complete markets does not allow for effective delta hedging.  This means that the supply of options comes either from the trading institutions with exceptionally efficient trading operations or from the organizations that can mitigate the risk of financial options using positions in physical assets.  For example, power generators can sell call options on electricity, treating them as covered calls: if an option is exercised an idle unit may be turned on to deliver into the contract.  The buyers see out-of-the money options as disaster insurance.  This reduces the supply of options relative to demand and increases their prices.  This is reflected in turn in implied volatility higher than the volatility for at the money options.

3.4
Stochastic Volatility Models

In section 2.5 the authors introduced the concept of stochastic volatility models for energy price evolution.  Recall that a simple model that yields spot price return distributions that exhibit skews has a stochastic term that can be generalised as 
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, where ( is between 0 and 1.  Any dependence on price is factored out, and the volatility term ( is explicitly a constant with respect to time.  When a process assumes constant volatility, it is said to be homoskedastic. When volatility varies in time, whether deterministically or randomly, the process is termed heteroskedastic. Part of the appeal of constant-volatility models is their mathematical tractability and relative ease of estimation. There is no mathematical reason, however, that requires volatility to be a constant, and indeed many commodity markets exhibit time varying volatility.  For example, figure 3.1 shows the 30-day rolling volatility for Californian average daily PX prices from April 1, 1998 until May 31, 2000, and clearly suggests a price volatility that is not constant but rather is best described by a process with both periodic and stochastic terms.

Figure 3.1 30-Day Rolling Annualized Volatility

Californian Day-Ahead Average PX Price (April 1, 1998 - May 31, 2000)
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The simplest heteroskedastic extension to the standard diffusion price process is to assume a volatility that is deterministically time dependent.  Forward contract price dynamics, often modelled as a smoothly decreasing function of time to contract expiration, and treated in detail in chapter 8, are a good example of this type of behaviour.

The simplest case of stochastic volatility is, however, when the variance is itself cast as a diffusion process and we saw an example of this in section 2.5 with the Hull-White mean reverting model represented by equations (2.10) and (2.11):

As noted in the previous section, energy commodity price return distributions tend to be leptokurtic or fat tailed.  Some commodities, such as crude oil, also exhibit volatility clustering.  These behaviours are consistent with a process where the volatility at a given point in time depends on the past history of volatility; that is to say the volatility is autoregressive.  Such behaviour is not unique to energy prices but has been observed in many other economic and financial settings.  As a result, there is a large class of stochastic volatility models, widely used in the econometric community, which go by the generic name of Autoregressive Conditional Heteroskedastic or, less formidably, ARCH models.  First proposed by Engle (1982) to model volatility in inflation, ARCH models have been successfully applied in many different areas of finance such as interest rates, foreign exchange, and equities.  Variations on the basic concept are myriad and the literature on the subject is extensive.  See Bollerslev (1992) for a review.

In ARCH models, asset price returns are written as,
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Where k is a constant mean term, 
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.  In econometrics, the term ut is referred to as the innovation at time t.  Now the essential feature of ARCH is to make the innovation variance at time t conditional on previously realized innovations.  For example a ARCH(q) model would be represented as;
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(3.14)

Equation (3.14) represents an autoregressive model of conditional volatility; hence the name ARCH.  The order of the equation, q, is of course arbitrary.  In practical applications however, models with several terms are often required in order to capture the “decaying memory” of volatility.  To incorporate this feature in a more parsimonious way, Bollerslev (1986) developed a generalized ARCH, or GARCH, model.  Here the variance equation includes both past innovations (of order q) and past conditional variances (of order p), termed a GARCH(p, q) model;
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Note that because the equation is recursive in variance, (t will effectively depend on all innovations.  As a result, a GARCH model with few terms will often fit a data set as well as an ARCH model of much higher order.  In practice, a first order GARCH(1,1) is often quite adequate.
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(3.16)

By expanding the recursive terms in equation (3.16) we see that it is indeed equivalent to a simple sum of past innovations with a geometrical weighting of the terms.
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     if (1 < 1.
(3.17)

Figure 3.2 shows an example of a spot price process with GARCH volatility and clearly shows periods of relative high and low volatility.

Figure 3.2 GARCH(1,1) Model Price Process and 30-day Rolling Annualized Volatility

((0=0.0006, (1 = 0.30, (1=0.60)
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Figure 3.3 shows the frequency distribution of returns together with a superimposed normal distribution fitted from the data.  The superimposed normal distribution has a mean and standard deviation that are derived from the log return data.  As expected, the GARCH model is leptokurtic. 

Figure 3.3 Frequency Histogram of the Log Daily Price Returns
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Finally, a criticism of GARCH models has been their symmetry with respect to price movements. A GARCH model is necessarily symmetric; high volatility is associated with large price movements to both the up- and down side.  In many financial markets, including energy commodities, the empirical evidence suggests asymmetrical volatility clustering.  This has led to proposals of nonlinear extensions to GARCH, which attempt to capture this asymmetry.  Exponential GARCH or EGARCH, suggested by Nelson (1991), is one example, and can be represented by the following equation;
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3.4.1
Estimation and Testing

Once a model is chosen as a hypothesis for a given price behaviour, the parameters for that model must be estimated.  Usually this is done using historical data, but, as we have seen, because the practitioner is almost always more interested in future price behaviour, it is better to use forward looking information to the extent possible to calibrate the model. In addition to parameter estimation, an equally important and often times more difficult task is testing how well the proposed model fits the data. This usually means using the statistical properties of a proposed model to determine how probable it is that such a model could have generated the observed data.  While there are well-established tests for many of the simpler models, tests for more complicated models such as ARCH and GARCH are less well defined and are the subject of much academic research.

The fields of estimation and testing techniques are vast, representing core subjects in statistics and econometrics. By necessity we will be brief in this section, concentrating only on the essential aspects of estimation as it relates to energy commodity price modelling. Any reader faced with the task of estimating price processes, and who is unfamiliar with econometrics, can consult one of the many textbooks on the subject, for example Greene (1997) and Davidson and MacKinnon (1993).

As we shall see in a moment, there is more to parameter estimation than simply running regressions.  There are an infinite number of possible estimators for a given model parameter: the number 42, for example, is a perfectly acceptable estimator of the mean of a price process; it is simply not very accurate, and hence not very useful.  Two properties, bias and efficiency define the usefulness of a parameter estimator. An estimate of a parameter is a random number with a mean and variance.  Clearly, we would like our measurement to be “the best guess” possible of the actual parameter value.  In other words, if ( is the estimate of the true value (, then it is desirable that E[( - (] = 0.  An estimator is said to be unbiased if this property holds.

Similarly, it is preferable to have an estimate with the smallest possible variance.  For example, let (1 be the average of the sum of every fourth price in a time series.  This is an entirely acceptable and unbiased estimate of the mean price.  However, the variance of (1 is twice as large as that of the estimate (2 derived from taking the average of the sum of every price.  Clearly, (2 is more “efficient” than (1 because, 
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Both properties are important. An estimator that is biased but efficient may be preferable to an unbiased, inefficient estimator because it will provide tighter bounds on the range of possible parameter values.

For the sake of completeness, we mention in passing that the concepts of bias and efficiency are applicable to finite-sample estimates only.  It is often the case that we do not know the finite properties of an estimator.  Therefore we must compare instead the asymptotic (i.e. in the limit of large sample size) properties of estimators to determine which is more suitable and then assume that the relationship holds in the real world of finite sampling.  The asymptotic properties most often described in the literature as desirable are consistency, asymptotic normality, and asymptotic efficiency.  While consistency and asymptotic normality are akin to bias in the sense that they all measure whether an estimate converges in some sense to the true value, they are not the same thing.  Indeed, an estimator can be biased but consistent, or vice versa.

3.4.2
Ordinary Least Squares

Ordinary Least Squared estimation (OLS) is probably the technique most familiar to readers because it is at the heart of standard linear regression analysis.  The concept is simple: we hypothesize that a set of observations {xt, yt} is related via the stochastic equation
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where ( is the set of unknown parameters.  We can estimate these parameters by choosing a set 
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 such that the sum of squared observed residuals (SSR) from N observations is minimized;
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The OLS estimates 
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are found in the usual way by setting
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.  For example, recall that the pure diffusion equation (3.13) is written as
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Then sum of squared residuals is
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Taking the derivative with respect to k and setting the resultant equation equal to zero yields;
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as expected.  Because ( multiplies the stochastic term, we must resort to a slightly different method to find its estimate.  From equations 3.20 and 3.21 we know that we can write



[image: image55.wmf]k

y

e

y

t

t

t

t

-

=

-

=

k

se


(3.24)

These relations also allow us to define the average innovation and average return;
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and 
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Then
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Squaring equation (3.27) yields
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Taking the sum over all observations yields;
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The shocks
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are distributed normally as N(0,1) and are independent, which implies that 
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which, of course, is the common definition for standard deviation.  If the stochastic equation (3.21) had p parameters rather than just one, it can be shown through a similar analysis that the OLS estimate for ( in this case would be equation (3.30) with the denominator N - 1 replaced by N - p.

OLS estimators have the desirable properties of unbiasedness, consistency, and efficiency for a variety of problems, however, in the case of heteroskedastic systems, OLS estimators are not generally efficient, therefore other methods are often employed to provide estimates.

3.4.3
Maximum Likelihood
Recall from section 2.11 that maximum likelihood is a powerful and general estimation method.  In this section we apply the method to volatility estimation and start by explaining the principle with an example.  Starting with the pure diffusion process, and to emphasize that the right-hand side of the equation is a normally distributed random number with a mean of zero and (2 variance we recast equation (3.13) as
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The density function for each innovation ((t is then,
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Because they are independent, the joint distribution for this set of N numbers is 
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This function represents the probability or likelihood that we would draw exactly this set of numbers.  For this reason, the joint density is typically called the likelihood function and is written as



[image: image67.wmf](

)

{

}

(

)

Q

=

Q

;

};

{

t

t

y

p

y

L


(3.34)

to emphasize that its value, given a set {yt} of observations, depends on the distribution’s parameters (.  With this definition, we can now turn the process around.  We now hypothesize that this set of numbers is drawn from a normal distribution of unknown mean and variance and ask the following question.  From what distribution is it most likely that these numbers were drawn, or, put another way, which values of ( and (2 define the distribution that has the maximum likelihood of producing this set of numbers?  The answer is found by maximizing the likelihood function with respect to the model parameters.  As before, this is accomplished by setting the gradient with respect to the regression parameters equal to zero and solving for the parameter value.  For example, 
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(3.35c)

Note the use of the log likelihood function ln
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.  This is a common practice because the natural log is typically easier to treat mathematically and computationally, and parameters that maximize the log likelihood are guaranteed to maximize the likelihood function as well.

Equations (3.34) and (3.35c) are referred to as the Maximum Likelihood Estimators or MLEs, and the derived parameters are ML estimates of the true distribution parameters.  An obvious question is whether or not MLEs provide “best guesses” of the true parameters.  We state without proof that, assuming the likelihood function obeys some specific regularity conditions, MLEs are consistent, asymptotically normal, and asymptotically efficient.  In fact, MLEs are at least as asymptotically efficient as any consistent estimator.

It is interesting to note that although ML estimation is consistent, it is not unbiased in general.  For example, the ML estimate for the variance derived from equation (3.35c) is found to be;
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which is not the same as the OLS unbiased estimate 
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.  As we mentioned before however, the ML estimate is more efficient than OLS and, in cases of small numbers of observations, may be a better estimate in the sense of having the minimum mean squared error.

3.4.4
Testing

Having decided on a hypothesis for the price process under study and estimated the model’s parameters, it is essential to test the validity of that hypothesis.  Unfortunately, the importance of this step is sometimes ignored in the rush to produce results.  For example, the ubiquity of Black-Scholes-Merton option pricing in equity markets means that it is very common to assume that pure diffusion also describes energy commodity prices.  Figure 3.4 shows average daily prices for NSW electricity for the calendar year 1999.

Figure 3.4 Daily Average NSW Power Prices

(Jan. 1, 1999 - Dec. 31, 1999)
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The standard diffusion variance estimate described earlier in this chapter yields a daily volatility of 21.4%.  Without other test statistics, it is impossible to judge how meaningful this number is and how well the diffusion process explains the price behaviour.  We can make qualitative judgements by graphing the frequency of daily returns and overlaying a Gaussian curve with zero mean and standard deviation equal to the derived volatility as shown in figure 3.5.

Figure 3.5 Daily Average NSW Power Prices Log Returns

(Jan. 1, 1999 - Dec. 31, 1999)
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This figure amply demonstrates the poor quality of the fit.  The standard deviation seems to be overly influenced by a few large valued returns at the expense of a larger number of small valued returns.  Indeed, fitting "by-eye", as suggested by the dashed normal distribution in the figure, might lead us to estimate a rather lower volatility.  Calculating the skew and kurtosis (third and fourth moments) of the returns distribution provides a more quantitative test of normality.  If the return distribution is normally distributed, then the two statistics 



[image: image76.wmf]å

=

÷

ø

ö

ç

è

æ

-

=

N

i

i

y

N

T

1

3

skew

6

1

s

k
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and
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are, in the limit of large N, distributed as N(0,1).  Jarque and Bera (1980) suggested a related statistic by combining equations (3.37) and (3.38) to form 
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which, in the limit of large N, is equal to 
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The Jarque-Bera statistic is distributed as (2 of degree 2.

Returning to the NSW daily price data, we find for the 364 observations the skew and kurtosis to be 0.177 and 6.22 respectively.  The statistic TJB is then about 580 implying that we reject the hypothesis of normally distributed log price returns at a level of order 10-128.

Tests for the presence of heteroskedasticity rely on the fact that the residuals from an OLS regression will retain any non-stationary behaviour inherent in the underlying process.  Thus, tests sensitive to changing variance can be performed on the regression residuals to detect heteroskedasticity.  Two standard tests are White’s test and the Goldfeld—Quandt test.  White’s test consists of regressing the following model,
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where ( and c are constants, and Z is the set of all squares and cross products derivable from the variables used in the original OLS regression.  The statistic NR2, where N is the number of observations and R2 is the usual regression statistic, is distributed as (2 with p degrees of freedom where p is the number of regressors in Z.

The Goldfeld - Quandt test assumes that there exists a variable that is related to a model’s variance.  Using this variable, we sort the data into subsets of high and low expected variance.  We then perform an OLS regression on the two data sets and form the statistic,
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Where SSR stands for Sum of Squared Residuals, n1 and n3 are the number of observations in the high and low data sets respectively and K is the number of parameters in the regression.  Under the null hypothesis of homoskedacity, this statistic is distributed as F[n1-K, n3-K].

To test specifically for ARCH and GARCH behaviour, Engle (1982) and Bollerslev (1986) suggest variations on the Breusch—Pagan/Godfrey test.  This is a Lagrange Multiplier (LM) type test, the details of which are beyond the scope of this chapter.  Like the tests described above, it relies on statistics derived from regressions performed on the residuals.  In this case however, the regressors are derived from the particular variance model.

One can also test how successfully an ARCH or GARCH model explains the autoregressiveness of the volatility.  If a model is successful, then the set 
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 should exhibit no autocorrelation.  Here, 
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 are the volatilities derived from the ARCH or GARCH model under examination.  Hull (1999) suggests using the Ljung-Box statistic to test this series for autocorrelation.

3.4.5
Examples From the Energy Commodity Markets

We conclude this chapter by examining different volatility models for selected energy markets.  In particular we examine the behaviour of California PX NP15 day-ahead peak electricity prices (NP15) and the NYMEX prompt month gas (Gas) and WTI crude oil (Crude) contract prices.  The data sets are weekday log price returns covering the period from January 15, 1999 to March 29, 2000 yielding approximately 310 observations. Estimations were performed using maximum likelihood methods.  In general, the regression technique employed was the so-called BHHH, which is explained in detail in any advanced statistics treatise, such as Davidson and MacKinnon (1993). In certain cases, this method failed to converge, so a standard Simplex search of the parameter space was first performed to determine the location of the global maximum. The results of the simplex search were then used as starting points for the BHHH algorithm.  Table 3.3 shows the skew, kurtosis, and maximum likelihood values for each energy and for several volatility models.

The number in italics to the right of the ML statistic is the so-called Schwartz criterion (SC) (Schwartz (1978)), which is defined as 
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where N is the number of observations and k is the number of estimated parameters.  The Schwartz criterion scores regressions by favouring large likelihood values while penalizing large numbers of parameters.  The regression with the smallest Schwartz criterion is considered the best fit, although this statement is only qualitative and is not statistically rigorous.  Another common statistic is the likelihood ratio test (L(x)), which only looks at the relative goodness of fit but does not consider the number of parameters.

Table 3.3 Maximum Loglikelihood Values and Schwartz Criteria SC

for Various Energies

	
	NP15
	Gas
	Crude

	Skew
	0.49
	-0.07
	-0.51

	Kurtosis
	12.22
	2.00
	1.10

	
	L(x)
	SC
	L(x)
	SC
	L(x)
	SC

	Pure Diffusion (PD)
	60
	-109
	919
	-1827
	992
	-1973

	Jump Diffusion (JD)
	148
	-267
	
	
	
	

	ARCH(1)
	84
	-151
	917
	-1817
	991
	-1965

	GARCH(1,1)
	121
	-219
	919
	-1815
	995
	-1967

	GARCH(1,1) + Jump Diffusion (GJD)
	167
	-294
	
	
	993
	-1946


(No value means that the regression did not converge)

A number of interesting conclusions can be inferred from these data.  The electricity data are highly skewed and leptokurtic.  The Jarque-Bera statistic described in equation (3.39) is about 2000 for the electricity data, which overwhelmingly rejects the hypothesis of normality.  Even more interesting are the results for gas and crude oil.  Over this time period, both price series exhibited platykurtic, or thin-tailed behaviour, and, as expected in such cases, the ARCH type models did not perform well.  The electricity data, in contrast, shows very clear evidence of jump diffusion.  Furthermore, there is some indication that GARCH combined with jump diffusion is marginally more descriptive than jump diffusion alone.  Table 3.4 shows detailed regression results of Jump Diffusion (JD) and GARCH(1,1) + Jump Diffusion  (GJD) on NP15 electricity prices.

Table 3.4 Regression Results for NP15 (t-statistics for each parameter are shown in parantheses)

	Parameter
	Jump Diffusion (JD)
	GARCH(1,1) + Jump Diffusion (GJD)

	k
	 0.012 ( 0.017 (0.67)
	-0.001 ( 0.015 (0.04)

	(2
	 0.066 ( 0.008 (8.77)
	

	(0
	
	 0.033 ( 0.008 (4.22)

	(1
	
	 0.349 ( 0.095 (3.66)

	(1
	
	 0.208 ( 0.094 (2.21)

	(
	 0.131 ( 0.033 (3.99)
	 0.063 ( 0.023 (2.76)

	(2
	 1.391 ( 0.385 (3.61)
	 1.538 ( 0.861 (1.79)

	(
	-0.086 ( 0.214 (0.40)
	 0.209 ( 0.400 (0.52)


We see that both models are generally consistent with each other.  The mean return ( and mean jump size 
[image: image86.wmf]k

 are small and poorly determined in both models.  The pure diffusion variance (2 is twice as large as the constant term (0 in the GJD model. However calculating the unconditional variance in the GJD model yields about 0.07 which is in good agreement with the pure diffusion variance.  Interestingly, the jump frequency h in JD is twice that of the GJD model, while the jump variance (2 is slightly lower (although the difference is statistically insignificant). It is tempting to suggest that perhaps some of the intermediate valued returns are being accounted for differently in each model.  In the JD model, there is little choice but to classify them as jumps.  In the GJD model however, it may be possible to attribute them to the GARCH process, particularly if they tend to cluster in time.

We conclude with figure (3.6) showing a typical simulated PDJD price path, a simulated GJD price path, and the actual NP15 data.  Figure (3.6) shows the return distributions for each of these data sets and illustrates how jump diffusion and GARCH can explain the leptokurtic behaviour observed in spot electricity prices.

3.5
Summary
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2.9377228275

2.9766049436

2.99467565

3.0991218267

3.3174347494

3.6551120771

3.6695081949

4.20281466

4.2023947881

4.1897363341

4.1812807718

4.6103864299

4.5868426053

5.2593936905

5.3067278223

5.301134791

5.319716471

5.3349820323

5.3281245348

5.3331660089

5.6019246714

5.5202950392

5.5537641958

5.5519198222

5.5663157867

5.5405908153

5.5566322699

5.6190102251

5.4957626893

5.4832454714

5.4626132182

5.4501501575

5.3968070484

5.2746992533

5.1575821902

5.177406836

4.8486099849

4.955199938

5.051606961

5.4440217953

5.2185221696

5.3927528142

4.8988233306

4.7710792936

4.7789524229

4.7462240536

4.7412193322

4.7693028178

5.6621959115

5.3764526861

5.3175680167

5.5529506305

5.7536500466

5.8388340648

5.8419835771

6.0239468665

5.9636500621

5.9579565921

5.9287200057

5.9384302607

5.9420249652

5.9401068316

5.9449095662

5.7808188016

5.716639471

5.6397838713

5.5812320881

5.51357451

5.1389746903

4.9875808889

4.7261318414

4.6040106442

4.5634191753

4.6088866529

4.6465007213

4.636766461

4.6636938592

3.4109564789

3.4193932445

3.3867354679

2.9985623218

2.6383400945

2.4076975944

2.4957061317

1.9994576554

2.0378204644

2.0367840163

2.0063950742

2.0690267337

2.0689179244

2.1154507103

2.4474988704

2.5364255823

2.6236846372

2.9211983631

3.887332868

3.8880532752

3.8852420571

4.0520736101

4.0403003897

4.032150324

4.0466430907

3.9930993226

3.9438692792

3.9368375004

3.9949753427

3.9894161167

3.9884838118

3.9857341685

3.9950745933

3.9953133339

3.9930644392

3.9329451207

3.9329435596

3.9235446261

3.9264800432

3.9264768577

3.8718220848

3.8864052484

3.8503424756

3.6004770289

3.5601380364

3.5955416712

3.3607293831

2.467514725

2.5598118192

2.8168768934

3.3781681195

3.4384269616

3.4081166023

3.3786719273

3.7269770808

3.8384901952

3.8952526777

3.7931547922

3.7932740244

3.8071865879

3.8268683933

3.8289342168

3.8575949044

3.8764679777

3.9153937725

3.9693670373

3.9891293287

4.0811522915

4.0853942568

4.1060353718

4.0916699555

4.090989376

4.1649899096

4.1651133804

4.2237270027

4.1528618481

4.0638106607

4.0042620054

3.7939834204

3.3297415715

3.3262326584

3.409512137

3.5575652766

3.1918724287

3.3471153667

3.2977372826

3.3569617455

3.5605108857

3.6598151605

3.6455210521

3.6571511422

3.618399889

3.6069157757

3.5413995566

3.5075547419

3.5194379048

3.5281539493

3.6216456191

3.6072899256

3.6080905442

3.6118442728

3.4979270811

3.588097463

3.5416045846

3.669015765

3.6945100466

3.7111751372

3.7520330807

3.5394562129

3.4720809633

3.3542667411

3.2726559339

3.3370035749

3.0914518958

3.1083588419

2.996378186

2.8059799886

2.6747911484

2.6824975911

2.6275293143

2.6316428848

2.6013334524

2.6147434885

2.6113856951

2.561991854

2.4481348581

2.3280514079

2.3268854405

2.3502753955

2.3701198802

2.3981969095

2.3010407017

2.1258574831

1.9134049223

1.8605831617

1.8170279839

1.7647265147

1.7515466398

1.8559231865

2.0070749262

1.9692268808

1.8870367036

1.8867187594

1.8196048738

1.8251079495

1.8666078306

2.0274425327

2.0796998253

2.0923217765

2.0922980931

2.1421541755

2.1515406174

2.1468418635

2.1718494679

2.1453933673

2.1236266508

2.1257982044

2.1026076887

2.1263841107

2.0904719092

2.1194518209

2.1218725327

2.1086360222

2.129384086

2.1279206144

2.0344243198

2.034282253

1.9666482477

1.7860495819

1.6891809118

1.8907057589

2.0296040304

2.0366715705

2.0320883051

2.0109306223

1.831982694

1.7739067942

1.7623475928

1.7620383907

1.7091819091

1.6847640351

1.7122934304

1.6820105702

1.6599957498

1.6402966943

1.6383097049

1.6399057438

1.5730997659

1.5831386791

1.5037618797

1.506449644

1.4864115178

1.4530205037

1.4912808873

1.4876388256

1.4877018315

1.4409116524

1.4463765339

1.4347979476

1.1323319871

0.9159375366

0.8993890158

0.9315833173

0.8827786612

0.882056885

0.8821306331

0.8788138087

0.891910573

0.8588219027

0.9420987109

0.9144282248

0.8820979548

0.8991343854

0.8984627282

1.073036291

1.0936066634

1.1096127943

1.1084030215

1.1192772124

1.1008084898

1.0998805933

1.0995905458

1.0239685767

1.0846851203

1.1139934926

1.1231408571

1.1142318499

1.1286354246

1.1287268245

1.102449849

1.1278792905

1.1026062017

1.1109937097

1.1792504533

1.1788947321

1.1803056321

1.1575376799

1.2048280325

1.1584291361

1.1412768133

1.1457074187

1.1240460031

1.2217252811

1.0586704527

1.0576251444

1.0224507105

1.0255053333

1.0151281337

1.0141879568

1.1224650913

1.1305497495

1.2343069565

1.1991536309

1.1703498857

1.1568405572

1.1781658858

1.5254633681

1.5370972271

1.7044262563

1.7116855916

1.8167931763

1.8614611229

1.9951949381

2.0277522191

2.0454927185

2.3620894132

2.3469501132

2.4222756519

2.7284710505

2.750646156

2.8629095515

2.8271570109

2.9179541956

2.9265800692

2.9778493508

2.9697492922

2.9711710561

2.99757613

3.0014717247

3.0009980818

3.048186089

3.0459950422

3.0459860076

3.0459946925

3.0382974442

2.8319671647

4.2515223923

5.0038736154

5.8727275454

6.3903514484

6.3941915014

6.3643396779

6.3478966844

6.352931981

6.2567027347

6.2531182929



CalPx

		

		Date		Grand Total		Log Returns		Volatility

		4/1/98		$18.83

		4/2/98		$22.56		0.1807

		4/3/98		$23.57		0.0436

		4/4/98		$20.48		-0.1404

		4/5/98		$19.25		-0.0620

		4/6/98		$23.22		0.1877

		4/7/98		$21.87		-0.0603

		4/8/98		$22.17		0.0139

		4/9/98		$22.50		0.0145

		4/10/98		$22.81		0.0138

		4/11/98		$17.54		-0.2625

		4/12/98		$22.57		0.2522

		4/13/98		$24.39		0.0773

		4/14/98		$24.07		-0.0129

		4/15/98		$24.20		0.0050

		4/16/98		$24.28		0.0037

		4/17/98		$26.68		0.0942

		4/18/98		$25.46		-0.0468

		4/19/98		$24.35		-0.0448

		4/20/98		$27.97		0.1386

		4/21/98		$25.76		-0.0823

		4/22/98		$24.09		-0.0671

		4/23/98		$23.64		-0.0189

		4/24/98		$22.90		-0.0319

		4/25/98		$12.67		-0.5915

		4/26/98		$15.58		0.2067

		4/27/98		$25.86		0.5067

		4/28/98		$24.86		-0.0397

		4/29/98		$22.27		-0.1098

		4/30/98		$21.73		-0.0246		351%

		5/1/98		$18.74		-0.1483		349%

		5/2/98		$9.80		-0.6477		416%

		5/3/98		$5.54		-0.5706		457%

		5/4/98		$15.98		1.0591		601%

		5/5/98		$17.77		0.1064		599%

		5/6/98		$14.76		-0.1854		602%

		5/7/98		$15.09		0.0217		602%

		5/8/98		$16.01		0.0595		602%

		5/9/98		$11.56		-0.3255		612%

		5/10/98		$8.00		-0.3685		619%

		5/11/98		$14.14		0.5700		647%

		5/12/98		$12.88		-0.0940		647%

		5/13/98		$12.92		0.0030		647%

		5/14/98		$12.37		-0.0435		647%

		5/15/98		$9.90		-0.2219		650%

		5/16/98		$4.29		-0.8377		709%

		5/17/98		$4.05		-0.0558		709%

		5/18/98		$13.76		1.2222		843%

		5/19/98		$14.16		0.0286		841%

		5/20/98		$23.49		0.5062		861%

		5/21/98		$18.20		-0.2549		866%

		5/22/98		$16.20		-0.1165		866%

		5/23/98		$8.02		-0.7038		900%

		5/24/98		$6.37		-0.2304		880%

		5/25/98		$3.16		-0.6988		908%

		5/26/98		$11.70		1.3073		1011%

		5/27/98		$11.58		-0.0102		1011%

		5/28/98		$11.36		-0.0189		1010%

		5/29/98		$8.53		-0.2865		1015%

		5/30/98		$6.66		-0.2481		1017%

		5/31/98		$4.09		-0.4873		1006%

		6/1/98		$14.24		1.2472		1082%

		6/2/98		$13.36		-0.0638		1015%

		6/3/98		$10.30		-0.2601		1018%

		6/4/98		$8.04		-0.2478		1019%

		6/5/98		$6.90		-0.1524		1020%

		6/6/98		$5.98		-0.1434		1020%

		6/7/98		$5.06		-0.1679		1016%

		6/8/98		$8.35		0.5020		1025%

		6/9/98		$6.68		-0.2237		1006%

		6/10/98		$6.40		-0.0419		1006%

		6/11/98		$7.00		0.0887		1007%

		6/12/98		$7.18		0.0259		1007%

		6/13/98		$3.81		-0.6332		1028%

		6/14/98		$9.82		0.9459		1040%

		6/15/98		$13.70		0.3334		1046%

		6/16/98		$18.03		0.2744		956%

		6/17/98		$20.07		0.1075		957%

		6/18/98		$19.02		-0.0540		940%

		6/19/98		$16.67		-0.1320		936%

		6/20/98		$14.14		-0.1642		937%

		6/21/98		$11.61		-0.1972		905%

		6/22/98		$15.54		0.2913		905%

		6/23/98		$15.02		-0.0341		865%

		6/24/98		$14.60		-0.0282		733%

		6/25/98		$15.54		0.0622		733%

		6/26/98		$14.52		-0.0675		733%

		6/27/98		$12.14		-0.1789		729%

		6/28/98		$11.02		-0.0967		724%

		6/29/98		$15.32		0.3292		707%

		6/30/98		$22.68		0.3921		570%

		7/1/98		$20.74		-0.0895		570%

		7/2/98		$19.90		-0.0414		562%

		7/3/98		$7.86		-0.9290		649%

		7/4/98		$7.10		-0.1017		648%

		7/5/98		$11.53		0.4848		668%

		7/6/98		$22.40		0.6643		701%

		7/7/98		$25.99		0.1487		683%

		7/8/98		$35.38		0.3086		682%

		7/9/98		$29.99		-0.1653		686%

		7/10/98		$32.08		0.0673		686%

		7/11/98		$37.55		0.1575		687%

		7/12/98		$35.02		-0.0699		640%

		7/13/98		$40.33		0.1412		556%

		7/14/98		$35.33		-0.1324		550%

		7/15/98		$32.67		-0.0782		544%

		7/16/98		$38.34		0.1600		545%

		7/17/98		$44.94		0.1589		546%

		7/18/98		$40.51		-0.1039		545%

		7/19/98		$29.69		-0.3107		555%

		7/20/98		$54.19		0.6017		584%

		7/21/98		$41.10		-0.2765		589%

		7/22/98		$30.32		-0.3042		601%

		7/23/98		$23.66		-0.2479		608%

		7/24/98		$25.88		0.0895		608%

		7/25/98		$24.65		-0.0489		608%

		7/26/98		$27.32		0.1029		604%

		7/27/98		$49.96		0.6036		636%

		7/28/98		$61.75		0.2120		631%

		7/29/98		$48.86		-0.2341		625%

		7/30/98		$37.47		-0.2655		632%

		7/31/98		$32.41		-0.1450		635%

		8/1/98		$28.12		-0.1420		536%

		8/2/98		$28.86		0.0260		533%

		8/3/98		$72.58		0.9223		598%

		8/4/98		$46.10		-0.4540		583%

		8/5/98		$56.76		0.2081		585%

		8/6/98		$57.35		0.0104		576%

		8/7/98		$34.49		-0.5085		602%

		8/8/98		$27.17		-0.2388		608%

		8/9/98		$21.51		-0.2336		610%

		8/10/98		$40.26		0.6270		651%

		8/11/98		$61.21		0.4190		666%

		8/12/98		$49.94		-0.2036		669%

		8/13/98		$63.59		0.2416		673%

		8/14/98		$64.49		0.0141		671%

		8/15/98		$32.42		-0.6877		714%

		8/16/98		$28.17		-0.1405		714%

		8/17/98		$30.58		0.0822		706%

		8/18/98		$29.74		-0.0279		671%

		8/19/98		$26.34		-0.1214		666%

		8/20/98		$25.99		-0.0134		657%

		8/21/98		$27.75		0.0653		651%

		8/22/98		$26.19		-0.0576		651%

		8/23/98		$25.46		-0.0284		651%

		8/24/98		$32.20		0.2350		655%

		8/25/98		$39.78		0.2113		623%

		8/26/98		$40.36		0.0145		617%

		8/27/98		$31.79		-0.2387		618%

		8/28/98		$39.07		0.2062		615%

		8/29/98		$34.03		-0.1381		615%

		8/30/98		$34.60		0.0166		613%

		8/31/98		$68.39		0.6814		658%

		9/1/98		$75.28		0.0960		571%

		9/2/98		$88.20		0.1584		549%

		9/3/98		$85.94		-0.0260		545%

		9/4/98		$62.10		-0.3248		558%

		9/5/98		$41.79		-0.3961		546%

		9/6/98		$26.71		-0.4476		563%

		9/7/98		$25.58		-0.0431		556%

		9/8/98		$36.70		0.3609		525%

		9/9/98		$29.60		-0.2150		506%

		9/10/98		$30.22		0.0207		502%

		9/11/98		$27.58		-0.0914		493%

		9/12/98		$25.45		-0.0803		493%

		9/13/98		$26.46		0.0388		431%

		9/14/98		$29.18		0.0977		430%

		9/15/98		$27.54		-0.0578		429%

		9/16/98		$27.05		-0.0181		429%

		9/17/98		$24.76		-0.0883		428%

		9/18/98		$24.33		-0.0176		428%

		9/19/98		$25.35		0.0411		428%

		9/20/98		$27.68		0.0879		428%

		9/21/98		$28.87		0.0420		428%

		9/22/98		$27.13		-0.0622		420%

		9/23/98		$25.60		-0.0580		413%

		9/24/98		$25.75		0.0060		413%

		9/25/98		$24.37		-0.0549		405%

		9/26/98		$24.27		-0.0045		397%

		9/27/98		$23.06		-0.0511		395%

		9/28/98		$25.61		0.1050		397%

		9/29/98		$24.62		-0.0392		305%

		9/30/98		$23.46		-0.0483		301%

		10/1/98		$24.02		0.0233		294%

		10/2/98		$21.76		-0.0988		294%

		10/3/98		$21.59		-0.0078		276%

		10/4/98		$18.30		-0.1652		247%

		10/5/98		$22.66		0.2138		210%

		10/6/98		$23.86		0.0516		210%

		10/7/98		$24.32		0.0191		163%

		10/8/98		$25.27		0.0381		146%

		10/9/98		$25.55		0.0113		146%

		10/10/98		$22.80		-0.1141		148%

		10/11/98		$21.31		-0.0674		147%

		10/12/98		$22.96		0.0747		149%

		10/13/98		$22.58		-0.0169		144%

		10/14/98		$27.45		0.1952		160%

		10/15/98		$28.70		0.0447		161%

		10/16/98		$28.12		-0.0204		158%

		10/17/98		$25.49		-0.0983		162%

		10/18/98		$26.60		0.0426		162%

		10/19/98		$30.32		0.1309		165%

		10/20/98		$36.95		0.1979		179%

		10/21/98		$35.98		-0.0268		177%

		10/22/98		$36.17		0.0054		176%

		10/23/98		$31.81		-0.1285		183%

		10/24/98		$26.74		-0.1736		193%

		10/25/98		$25.33		-0.0541		194%

		10/26/98		$32.50		0.2492		211%

		10/27/98		$30.04		-0.0786		211%

		10/28/98		$29.10		-0.0320		211%

		10/29/98		$31.58		0.0819		211%

		10/30/98		$26.07		-0.1916		223%

		10/31/98		$20.22		-0.2545		239%

		11/1/98		$22.02		0.0857		241%

		11/2/98		$28.93		0.2727		251%

		11/3/98		$29.50		0.0194		241%

		11/4/98		$28.57		-0.0318		240%

		11/5/98		$26.17		-0.0879		243%

		11/6/98		$27.97		0.0664		243%

		11/7/98		$24.61		-0.1279		248%

		11/8/98		$25.92		0.0518		245%

		11/9/98		$28.05		0.0790		245%

		11/10/98		$26.42		-0.0598		245%

		11/11/98		$28.95		0.0912		247%

		11/12/98		$30.03		0.0368		237%

		11/13/98		$31.45		0.0461		237%

		11/14/98		$29.60		-0.0608		238%

		11/15/98		$24.72		-0.1800		244%

		11/16/98		$28.44		0.1401		249%

		11/17/98		$29.00		0.0196		245%

		11/18/98		$28.82		-0.0064		233%

		11/19/98		$28.03		-0.0276		233%

		11/20/98		$27.25		-0.0284		233%

		11/21/98		$24.68		-0.0988		232%

		11/22/98		$24.39		-0.0121		224%

		11/23/98		$26.26		0.0741		224%

		11/24/98		$28.91		0.0962		208%

		11/25/98		$25.62		-0.1211		211%

		11/26/98		$10.33		-0.9084		384%

		11/27/98		$16.47		0.4669		422%

		11/28/98		$15.21		-0.0800		418%

		11/29/98		$18.59		0.2007		415%

		11/30/98		$27.41		0.3885		437%

		12/1/98		$26.72		-0.0253		426%

		12/2/98		$26.73		0.0001		426%

		12/3/98		$23.25		-0.1394		429%

		12/4/98		$23.20		-0.0024		428%

		12/5/98		$23.75		0.0238		427%

		12/6/98		$21.82		-0.0847		426%

		12/7/98		$26.45		0.1921		431%

		12/8/98		$25.99		-0.0173		430%

		12/9/98		$26.03		0.0013		429%

		12/10/98		$26.29		0.0099		428%

		12/11/98		$24.82		-0.0575		428%

		12/12/98		$21.54		-0.1415		430%

		12/13/98		$22.52		0.0443		431%

		12/14/98		$23.42		0.0390		426%

		12/15/98		$21.85		-0.0693		424%

		12/16/98		$24.10		0.0981		425%

		12/17/98		$24.99		0.0363		425%

		12/18/98		$27.16		0.0834		427%

		12/19/98		$25.13		-0.0777		427%

		12/20/98		$31.77		0.2342		434%

		12/21/98		$47.20		0.3959		455%

		12/22/98		$91.34		0.6603		508%

		12/23/98		$66.50		-0.3173		523%

		12/24/98		$32.69		-0.7102		584%

		12/25/98		$29.21		-0.1124		480%

		12/26/98		$21.42		-0.3101		468%

		12/27/98		$23.93		0.1108		468%

		12/28/98		$26.51		0.1024		464%

		12/29/98		$26.79		0.0102		443%

		12/30/98		$22.00		-0.1970		448%

		12/31/98		$18.04		-0.1984		453%

		1/1/99		$12.80		-0.3427		466%

		1/2/99		$16.33		0.2434		476%

		1/3/99		$18.47		0.1229		478%

		1/4/99		$25.30		0.3148		490%

		1/5/99		$24.79		-0.0205		486%

		1/6/99		$25.59		0.0319		486%

		1/7/99		$25.83		0.0095		486%

		1/8/99		$25.43		-0.0157		486%

		1/9/99		$23.27		-0.0889		486%

		1/10/99		$22.11		-0.0509		484%

		1/11/99		$26.39		0.1770		488%

		1/12/99		$24.54		-0.0727		489%

		1/13/99		$25.16		0.0249		488%

		1/14/99		$24.20		-0.0389		487%

		1/15/99		$23.20		-0.0421		487%

		1/16/99		$22.15		-0.0464		486%

		1/17/99		$21.27		-0.0405		486%

		1/18/99		$24.08		0.1238		480%

		1/19/99		$21.90		-0.0949		457%

		1/20/99		$20.07		-0.0871		381%

		1/21/99		$18.94		-0.0578		369%

		1/22/99		$17.46		-0.0817		276%

		1/23/99		$13.77		-0.2373		285%

		1/24/99		$15.76		0.1353		271%

		1/25/99		$20.25		0.2504		283%

		1/26/99		$20.26		0.0006		280%

		1/27/99		$19.68		-0.0293		280%

		1/28/99		$19.33		-0.0178		272%

		1/29/99		$18.87		-0.0240		262%

		1/30/99		$16.25		-0.1495		237%

		1/31/99		$16.21		-0.0026		221%

		2/1/99		$19.66		0.1929		227%

		2/2/99		$19.57		-0.0043		196%

		2/3/99		$19.79		0.0111		196%

		2/4/99		$20.60		0.0402		196%

		2/5/99		$20.11		-0.0242		196%

		2/6/99		$17.08		-0.1633		204%

		2/7/99		$14.48		-0.1651		209%

		2/8/99		$19.82		0.3141		239%

		2/9/99		$20.50		0.0337		230%

		2/10/99		$22.35		0.0861		232%

		2/11/99		$21.87		-0.0217		231%

		2/12/99		$20.88		-0.0463		232%

		2/13/99		$18.21		-0.1368		236%

		2/14/99		$17.96		-0.0138		236%

		2/15/99		$19.62		0.0884		238%

		2/16/99		$19.46		-0.0082		233%

		2/17/99		$19.21		-0.0129		231%

		2/18/99		$18.54		-0.0354		229%

		2/19/99		$18.52		-0.0009		228%

		2/20/99		$17.02		-0.0845		228%

		2/21/99		$16.35		-0.0401		212%

		2/22/99		$19.79		0.1906		217%

		2/23/99		$20.17		0.0189		198%

		2/24/99		$20.97		0.0394		199%

		2/25/99		$19.97		-0.0491		199%

		2/26/99		$18.39		-0.0825		201%

		2/27/99		$16.47		-0.1098		205%

		2/28/99		$15.52		-0.0595		199%

		3/1/99		$18.62		0.1821		209%

		3/2/99		$18.77		0.0078		198%

		3/3/99		$18.97		0.0105		198%

		3/4/99		$18.62		-0.0186		198%

		3/5/99		$17.01		-0.0901		199%

		3/6/99		$14.31		-0.1733		208%

		3/7/99		$15.49		0.0792		203%

		3/8/99		$18.60		0.1831		204%

		3/9/99		$17.93		-0.0363		171%

		3/10/99		$18.58		0.0355		171%

		3/11/99		$19.22		0.0337		168%

		3/12/99		$20.23		0.0511		169%

		3/13/99		$19.15		-0.0550		170%

		3/14/99		$18.85		-0.0155		162%

		3/15/99		$19.12		0.0142		162%

		3/16/99		$19.30		0.0094		159%

		3/17/99		$20.79		0.0744		162%

		3/18/99		$20.75		-0.0018		161%

		3/19/99		$20.24		-0.0248		161%

		3/20/99		$17.83		-0.1270		168%

		3/21/99		$15.77		-0.1228		171%

		3/22/99		$18.73		0.1719		181%

		3/23/99		$20.12		0.0715		169%

		3/24/99		$19.00		-0.0568		171%

		3/25/99		$18.27		-0.0396		170%

		3/26/99		$18.51		0.0132		170%

		3/27/99		$18.70		0.0103		167%

		3/28/99		$16.25		-0.1407		170%

		3/29/99		$22.01		0.3037		200%

		3/30/99		$21.20		-0.0377		190%

		3/31/99		$22.70		0.0686		192%

		4/1/99		$20.65		-0.0946		195%

		4/2/99		$19.52		-0.0567		196%

		4/3/99		$19.09		-0.0223		193%

		4/4/99		$15.92		-0.1816		195%

		4/5/99		$25.57		0.4739		255%

		4/6/99		$25.39		-0.0069		248%

		4/7/99		$24.66		-0.0293		248%

		4/8/99		$24.47		-0.0078		248%

		4/9/99		$27.24		0.1073		250%

		4/10/99		$26.03		-0.0452		251%

		4/11/99		$23.06		-0.1211		254%

		4/12/99		$25.13		0.0860		255%

		4/13/99		$24.36		-0.0311		256%

		4/14/99		$25.84		0.0590		256%

		4/15/99		$26.45		0.0232		255%

		4/16/99		$25.88		-0.0218		255%

		4/17/99		$23.79		-0.0841		257%

		4/18/99		$23.41		-0.0163		253%

		4/19/99		$33.05		0.3448		274%

		4/20/99		$29.53		-0.1125		273%

		4/21/99		$30.53		0.0333		272%

		4/22/99		$25.07		-0.1971		282%

		4/23/99		$22.72		-0.0982		284%

		4/24/99		$18.25		-0.2193		295%

		4/25/99		$17.69		-0.0311		295%

		4/26/99		$23.83		0.2980		309%

		4/27/99		$23.78		-0.0022		290%

		4/28/99		$24.05		0.0114		289%

		4/29/99		$22.67		-0.0590		289%

		4/30/99		$22.78		0.0047		287%

		5/1/99		$19.52		-0.1544		292%

		5/2/99		$19.40		-0.0061		292%

		5/3/99		$23.04		0.1717		290%

		5/4/99		$23.25		0.0091		235%

		5/5/99		$25.24		0.0823		237%

		5/6/99		$27.21		0.0753		239%

		5/7/99		$26.56		-0.0242		239%

		5/8/99		$20.11		-0.2782		255%

		5/9/99		$16.15		-0.2193		266%

		5/10/99		$21.89		0.3040		286%

		5/11/99		$23.38		0.0658		285%

		5/12/99		$24.64		0.0525		286%

		5/13/99		$27.18		0.0981		287%

		5/14/99		$25.00		-0.0834		288%

		5/15/99		$24.57		-0.0175		288%

		5/16/99		$20.39		-0.1862		294%

		5/17/99		$28.98		0.3513		320%

		5/18/99		$28.02		-0.0336		296%

		5/19/99		$29.04		0.0359		293%

		5/20/99		$27.82		-0.0432		293%

		5/21/99		$24.00		-0.1476		290%

		5/22/99		$22.93		-0.0455		288%

		5/23/99		$22.31		-0.0275		277%

		5/24/99		$31.22		0.3359		300%

		5/25/99		$24.94		-0.2243		294%

		5/26/99		$28.60		0.1369		298%

		5/27/99		$31.58		0.0989		299%

		5/28/99		$25.24		-0.2239		310%

		5/29/99		$18.15		-0.3299		332%

		5/30/99		$11.45		-0.4610		366%

		5/31/99		$10.24		-0.1113		367%

		6/1/99		$18.33		0.5824		420%

		6/2/99		$18.08		-0.0138		420%

		6/3/99		$17.50		-0.0328		419%

		6/4/99		$16.36		-0.0674		418%

		6/5/99		$9.30		-0.5648		461%

		6/6/99		$7.31		-0.2411		459%

		6/7/99		$15.04		0.7218		526%

		6/8/99		$21.59		0.3614		531%

		6/9/99		$21.53		-0.0028		530%

		6/10/99		$18.67		-0.1425		532%

		6/11/99		$21.60		0.1458		533%

		6/12/99		$21.86		0.0123		533%

		6/13/99		$20.37		-0.0709		533%

		6/14/99		$34.18		0.5178		560%

		6/15/99		$27.67		-0.2113		552%

		6/16/99		$23.23		-0.1752		555%

		6/17/99		$23.44		0.0092		555%

		6/18/99		$26.23		0.1126		557%

		6/19/99		$26.16		-0.0029		554%

		6/20/99		$23.10		-0.1244		556%

		6/21/99		$29.32		0.2383		562%

		6/22/99		$31.50		0.0720		550%

		6/23/99		$25.80		-0.1995		548%

		6/24/99		$24.63		-0.0464		546%

		6/25/99		$23.73		-0.0374		545%

		6/26/99		$22.38		-0.0587		540%

		6/27/99		$20.37		-0.0941		527%

		6/28/99		$30.01		0.3878		516%

		6/29/99		$37.97		0.2351		518%

		6/30/99		$48.48		0.2444		485%

		7/1/99		$37.49		-0.2571		496%

		7/2/99		$29.02		-0.2561		505%

		7/3/99		$16.61		-0.5583		544%

		7/4/99		$11.48		-0.3689		522%

		7/5/99		$18.51		0.4778		539%

		7/6/99		$25.85		0.3336		490%

		7/7/99		$30.74		0.1734		477%

		7/8/99		$28.77		-0.0661		478%

		7/9/99		$29.63		0.0294		475%

		7/10/99		$26.59		-0.1084		474%

		7/11/99		$23.14		-0.1388		477%

		7/12/99		$55.13		0.8681		566%

		7/13/99		$55.49		0.0065		538%

		7/14/99		$61.36		0.1005		532%

		7/15/99		$38.63		-0.4627		555%

		7/16/99		$25.72		-0.4069		575%

		7/17/99		$19.00		-0.3029		584%

		7/18/99		$17.78		-0.0662		584%

		7/19/99		$27.08		0.4205		602%

		7/20/99		$27.74		0.0243		596%

		7/21/99		$27.03		-0.0260		596%

		7/22/99		$24.17		-0.1118		593%

		7/23/99		$26.86		0.1054		594%

		7/24/99		$25.11		-0.0673		594%

		7/25/99		$24.08		-0.0421		594%

		7/26/99		$27.33		0.1266		594%

		7/27/99		$27.49		0.0058		578%

		7/28/99		$28.47		0.0352		572%

		7/29/99		$28.16		-0.0111		564%

		7/30/99		$25.39		-0.1036		558%

		7/31/99		$26.81		0.0544		551%

		8/1/99		$24.22		-0.1013		514%

		8/2/99		$29.97		0.2129		499%

		8/3/99		$27.54		-0.0844		473%

		8/4/99		$31.72		0.1410		460%

		8/5/99		$31.40		-0.0099		456%

		8/6/99		$25.93		-0.1916		461%

		8/7/99		$21.77		-0.1745		465%

		8/8/99		$20.45		-0.0625		464%

		8/9/99		$24.75		0.1904		466%

		8/10/99		$23.56		-0.0492		341%

		8/11/99		$24.68		0.0466		342%

		8/12/99		$23.75		-0.0384		339%

		8/13/99		$22.50		-0.0541		300%

		8/14/99		$22.81		0.0135		264%

		8/15/99		$21.68		-0.0505		241%

		8/16/99		$26.65		0.2062		250%

		8/17/99		$26.88		0.0086		200%

		8/18/99		$30.08		0.1127		204%

		8/19/99		$29.50		-0.0197		204%

		8/20/99		$27.81		-0.0590		201%

		8/21/99		$33.21		0.1777		207%

		8/22/99		$31.06		-0.0671		207%

		8/23/99		$35.85		0.1436		212%

		8/24/99		$52.21		0.3758		245%

		8/25/99		$44.25		-0.1655		254%

		8/26/99		$54.36		0.2059		262%

		8/27/99		$80.07		0.3872		292%

		8/28/99		$39.91		-0.6962		389%

		8/29/99		$38.68		-0.0312		389%

		8/30/99		$43.93		0.1272		389%

		8/31/99		$30.43		-0.3670		405%

		9/1/99		$30.94		0.0166		404%

		9/2/99		$27.36		-0.1229		403%

		9/3/99		$24.72		-0.1015		405%

		9/4/99		$23.64		-0.0450		399%

		9/5/99		$24.22		0.0242		394%

		9/6/99		$23.95		-0.0111		394%

		9/7/99		$31.36		0.2696		399%

		9/8/99		$31.61		0.0079		399%

		9/9/99		$32.82		0.0377		399%

		9/10/99		$32.31		-0.0159		399%

		9/11/99		$29.55		-0.0891		400%

		9/12/99		$29.44		-0.0038		400%

		9/13/99		$31.24		0.0593		399%

		9/14/99		$32.98		0.0542		393%

		9/15/99		$33.19		0.0064		393%

		9/16/99		$30.81		-0.0743		392%

		9/17/99		$29.42		-0.0462		393%

		9/18/99		$27.74		-0.0590		393%

		9/19/99		$27.40		-0.0121		387%

		9/20/99		$30.56		0.1091		389%

		9/21/99		$30.06		-0.0166		385%

		9/22/99		$32.33		0.0727		360%

		9/23/99		$32.92		0.0181		356%

		9/24/99		$42.14		0.2471		360%

		9/25/99		$33.86		-0.2189		336%

		9/26/99		$43.26		0.2451		247%

		9/27/99		$52.80		0.1992		256%

		9/28/99		$75.62		0.3592		282%

		9/29/99		$40.36		-0.6277		338%

		9/30/99		$48.82		0.1903		344%

		10/1/99		$53.16		0.0850		341%

		10/2/99		$56.12		0.0542		338%

		10/3/99		$36.91		-0.4190		373%

		10/4/99		$48.55		0.2741		384%

		10/5/99		$41.16		-0.1650		390%

		10/6/99		$38.67		-0.0624		379%

		10/7/99		$38.62		-0.0013		379%

		10/8/99		$42.81		0.1029		381%

		10/9/99		$38.65		-0.1022		383%

		10/10/99		$43.33		0.1145		383%

		10/11/99		$50.21		0.1473		386%

		10/12/99		$57.33		0.1327		388%

		10/13/99		$68.56		0.1788		392%

		10/14/99		$58.48		-0.1590		397%

		10/15/99		$51.59		-0.1252		399%

		10/16/99		$40.92		-0.2317		408%

		10/17/99		$45.39		0.1037		409%

		10/18/99		$41.00		-0.1017		411%

		10/19/99		$40.64		-0.0088		409%

		10/20/99		$41.81		0.0283		409%

		10/21/99		$53.07		0.2385		416%

		10/22/99		$54.48		0.0262		417%

		10/23/99		$40.35		-0.3001		422%

		10/24/99		$43.10		0.0658		415%

		10/25/99		$45.07		0.0447		406%

		10/26/99		$47.66		0.0559		400%

		10/27/99		$52.03		0.0877		379%

		10/28/99		$35.98		-0.3687		333%

		10/29/99		$43.32		0.1856		333%

		10/30/99		$54.15		0.2231		341%

		10/31/99		$72.39		0.2903		356%

		11/1/99		$73.13		0.0101		319%

		11/2/99		$50.51		-0.3701		335%

		11/3/99		$54.04		0.0676		330%

		11/4/99		$66.26		0.2039		336%

		11/5/99		$48.32		-0.3158		356%

		11/6/99		$37.48		-0.2539		366%

		11/7/99		$39.13		0.0429		365%

		11/8/99		$45.02		0.1402		366%

		11/9/99		$43.90		-0.0252		362%

		11/10/99		$38.69		-0.1263		361%

		11/11/99		$39.84		0.0293		354%

		11/12/99		$37.51		-0.0601		351%

		11/13/99		$32.24		-0.1514		352%

		11/14/99		$25.30		-0.2424		353%

		11/15/99		$32.20		0.2411		362%

		11/16/99		$31.28		-0.0292		361%

		11/17/99		$31.66		0.0121		361%

		11/18/99		$29.51		-0.0701		361%

		11/19/99		$30.52		0.0335		350%

		11/20/99		$37.63		0.2094		359%

		11/21/99		$29.25		-0.2520		354%

		11/22/99		$38.23		0.2678		367%

		11/23/99		$33.30		-0.1380		369%

		11/24/99		$29.14		-0.1333		371%

		11/25/99		$23.61		-0.2104		375%

		11/26/99		$22.26		-0.0592		354%

		11/27/99		$23.53		0.0557		347%

		11/28/99		$22.68		-0.0366		335%

		11/29/99		$28.20		0.2176		327%

		11/30/99		$32.93		0.1550		334%

		12/1/99		$33.12		0.0059		309%

		12/2/99		$28.73		-0.1422		311%

		12/3/99		$28.38		-0.0121		300%

		12/4/99		$27.35		-0.0372		281%

		12/5/99		$28.19		0.0305		267%

		12/6/99		$30.16		0.0674		268%

		12/7/99		$30.53		0.0120		263%

		12/8/99		$31.46		0.0302		263%

		12/9/99		$30.03		-0.0466		260%

		12/10/99		$32.34		0.0742		261%

		12/11/99		$30.91		-0.0455		261%

		12/12/99		$29.46		-0.0479		256%

		12/13/99		$33.63		0.1323		245%

		12/14/99		$30.21		-0.1072		233%

		12/15/99		$30.74		0.0174		233%

		12/16/99		$33.74		0.0931		235%

		12/17/99		$30.25		-0.1094		237%

		12/18/99		$27.13		-0.1089		240%

		12/19/99		$30.00		0.1007		230%

		12/20/99		$31.51		0.0492		213%

		12/21/99		$28.74		-0.0923		191%

		12/22/99		$29.82		0.0371		186%

		12/23/99		$27.75		-0.0718		182%

		12/24/99		$23.35		-0.1727		176%

		12/25/99		$23.27		-0.0036		175%

		12/26/99		$27.90		0.1814		186%

		12/27/99		$35.02		0.2272		201%

		12/28/99		$29.50		-0.1714		197%

		12/29/99		$29.13		-0.0128		189%

		12/30/99		$28.88		-0.0084		189%

		12/31/99		$28.23		-0.0226		182%

		1/1/00		$27.08		-0.0418		183%

		1/2/00		$30.41		0.1160		187%

		1/3/00		$38.17		0.2275		203%

		1/4/00		$33.36		-0.1349		208%

		1/5/00		$31.35		-0.0621		209%

		1/6/00		$30.41		-0.0304		209%

		1/7/00		$34.92		0.1382		214%

		1/8/00		$31.96		-0.0884		215%

		1/9/00		$31.25		-0.0227		215%

		1/10/00		$34.79		0.1074		217%

		1/11/00		$31.83		-0.0889		215%

		1/12/00		$34.10		0.0690		212%

		1/13/00		$33.20		-0.0267		213%

		1/14/00		$32.16		-0.0320		210%

		1/15/00		$27.94		-0.1408		213%

		1/16/00		$28.16		0.0079		209%

		1/17/00		$32.39		0.1402		212%

		1/18/00		$30.66		-0.0551		212%

		1/19/00		$32.86		0.0693		211%

		1/20/00		$30.13		-0.0866		213%

		1/21/00		$28.14		-0.0684		213%

		1/22/00		$27.34		-0.0286		203%

		1/23/00		$27.33		-0.0006		203%

		1/24/00		$30.42		0.1074		197%

		1/25/00		$30.57		0.0047		179%

		1/26/00		$28.96		-0.0541		169%

		1/27/00		$36.80		0.2395		189%

		1/28/00		$30.13		-0.2001		203%

		1/29/00		$28.61		-0.0516		204%

		1/30/00		$29.27		0.0229		203%

		1/31/00		$31.78		0.0821		201%

		2/1/00		$31.20		-0.0184		183%

		2/2/00		$32.08		0.0279		177%

		2/3/00		$31.26		-0.0259		176%

		2/4/00		$32.24		0.0309		176%

		2/5/00		$29.89		-0.0758		171%

		2/6/00		$28.98		-0.0310		168%

		2/7/00		$31.57		0.0858		171%

		2/8/00		$29.51		-0.0676		168%

		2/9/00		$30.62		0.0371		166%

		2/10/00		$30.86		0.0078		164%

		2/11/00		$30.54		-0.0104		164%

		2/12/00		$29.40		-0.0382		164%

		2/13/00		$31.19		0.0592		157%

		2/14/00		$32.92		0.0540		158%

		2/15/00		$33.08		0.0047		150%

		2/16/00		$31.14		-0.0604		151%

		2/17/00		$31.63		0.0158		149%

		2/18/00		$31.78		0.0047		145%

		2/19/00		$28.33		-0.1150		149%

		2/20/00		$28.20		-0.0044		149%

		2/21/00		$28.36		0.0054		149%

		2/22/00		$29.28		0.0320		144%

		2/23/00		$28.20		-0.0375		145%

		2/24/00		$28.54		0.0122		143%

		2/25/00		$28.59		0.0016		113%

		2/26/00		$26.78		-0.0656		92%

		2/27/00		$26.87		0.0037		90%

		2/28/00		$28.83		0.0701		93%

		2/29/00		$29.22		0.0137		88%

		3/1/00		$28.79		-0.0148		88%

		3/2/00		$27.78		-0.0358		88%

		3/3/00		$27.60		-0.0067		88%

		3/4/00		$25.94		-0.0619		89%

		3/5/00		$25.29		-0.0252		86%

		3/6/00		$28.16		0.1074		94%

		3/7/00		$29.88		0.0591		91%

		3/8/00		$29.76		-0.0040		88%

		3/9/00		$27.94		-0.0632		90%

		3/10/00		$28.00		0.0021		90%

		3/11/00		$23.65		-0.1686		107%

		3/12/00		$25.09		0.0591		109%

		3/13/00		$27.12		0.0776		111%

		3/14/00		$28.57		0.0522		111%

		3/15/00		$29.73		0.0397		112%

		3/16/00		$29.27		-0.0156		110%

		3/17/00		$29.59		0.0107		110%

		3/18/00		$29.56		-0.0009		110%

		3/19/00		$30.46		0.0301		102%

		3/20/00		$27.61		-0.0984		108%

		3/21/00		$29.64		0.0709		111%

		3/22/00		$31.20		0.0516		112%

		3/23/00		$31.00		-0.0067		111%

		3/24/00		$29.53		-0.0486		113%

		3/25/00		$29.44		-0.0029		113%

		3/26/00		$29.25		-0.0066		110%

		3/27/00		$31.37		0.0702		113%

		3/28/00		$31.31		-0.0020		110%

		3/29/00		$32.67		0.0425		111%

		3/30/00		$29.31		-0.1086		118%

		3/31/00		$28.30		-0.0349		118%

		4/1/00		$28.84		0.0188		118%

		4/2/00		$29.22		0.0130		116%

		4/3/00		$32.42		0.1041		120%

		4/4/00		$31.25		-0.0370		116%

		4/5/00		$31.72		0.0149		114%

		4/6/00		$30.88		-0.0268		115%

		4/7/00		$30.27		-0.0198		112%

		4/8/00		$26.53		-0.1321		122%

		4/9/00		$26.18		-0.0130		106%

		4/10/00		$27.73		0.0575		106%

		4/11/00		$28.01		0.0099		102%

		4/12/00		$26.43		-0.0581		103%

		4/13/00		$26.74		0.0116		102%

		4/14/00		$26.67		-0.0024		101%

		4/15/00		$23.19		-0.1400		112%

		4/16/00		$22.11		-0.0475		113%

		4/17/00		$25.29		0.1342		123%

		4/18/00		$26.44		0.0445		120%

		4/19/00		$26.70		0.0099		117%

		4/20/00		$25.83		-0.0333		116%

		4/21/00		$24.09		-0.0694		118%

		4/22/00		$18.15		-0.2835		153%

		4/23/00		$18.85		0.0378		154%

		4/24/00		$22.84		0.1921		170%

		4/25/00		$24.78		0.0815		171%

		4/26/00		$29.17		0.1634		182%

		4/27/00		$32.87		0.1193		186%

		4/28/00		$26.18		-0.2276		200%

		4/29/00		$23.46		-0.1097		203%

		4/30/00		$25.23		0.0728		205%

		5/1/00		$35.03		0.3282		236%

		5/2/00		$37.60		0.0707		235%

		5/3/00		$45.06		0.1811		242%

		5/4/00		$32.03		-0.3415		273%

		5/5/00		$28.95		-0.1009		275%

		5/6/00		$23.10		-0.2261		286%

		5/7/00		$22.90		-0.0087		283%

		5/8/00		$27.94		0.1990		292%

		5/9/00		$30.43		0.0856		293%

		5/10/00		$35.65		0.1582		298%

		5/11/00		$34.96		-0.0195		297%

		5/12/00		$36.23		0.0356		297%

		5/13/00		$32.72		-0.1018		300%

		5/14/00		$28.28		-0.1460		300%

		5/15/00		$30.12		0.0630		300%

		5/16/00		$36.93		0.2039		305%

		5/17/00		$37.42		0.0133		305%

		5/18/00		$37.85		0.0115		305%

		5/19/00		$40.22		0.0607		305%

		5/20/00		$38.46		-0.0447		304%

		5/21/00		$39.84		0.0353		283%

		5/22/00		$100.04		0.9206		425%

		5/23/00		$224.78		0.8095		500%

		5/24/00		$102.24		-0.7878		587%

		5/25/00		$52.05		-0.6752		639%

		5/26/00		$46.91		-0.1040		639%

		5/27/00		$40.11		-0.1565		636%

		5/28/00		$40.83		0.0177		635%

		5/29/00		$45.47		0.1076		635%

		5/30/00		$49.36		0.0821		626%

		5/31/00		$50.46		0.0221		625%				36,677.00
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Daily price log returns

Return distribution with 21.4% daily volatility

Return distribution with 15% daily volatility
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TS

		36161

		36162

		36163

		36164

		36165

		36166

		36167

		36168

		36169

		36170

		36171

		36172

		36173

		36174

		36175

		36176

		36177

		36178

		36179

		36180

		36181

		36182

		36183

		36184

		36185

		36186

		36187

		36188

		36189

		36190

		36191

		36192

		36193

		36194

		36195

		36196

		36197

		36198

		36199

		36200

		36201

		36202

		36203

		36204

		36205

		36206

		36207

		36208

		36209

		36210

		36211

		36212

		36213

		36214

		36215

		36216

		36217

		36218

		36219

		36220

		36221

		36222

		36223

		36224

		36225

		36226

		36227

		36228

		36229

		36230

		36231

		36232

		36233

		36234

		36235

		36236

		36237

		36238

		36239

		36240

		36241

		36242

		36243

		36244

		36245

		36246

		36247

		36248

		36249

		36250

		36251

		36252

		36253

		36254

		36255

		36256

		36257

		36258

		36259

		36260

		36261

		36262

		36263

		36264

		36265

		36266

		36267

		36268

		36269

		36270

		36271

		36272

		36273

		36274

		36275

		36276

		36277

		36278

		36279

		36280

		36281

		36282

		36283

		36284

		36285

		36286

		36287

		36288

		36289

		36290

		36291

		36292

		36293

		36294

		36295

		36296

		36297

		36298

		36299

		36300

		36301

		36302

		36303

		36304

		36305

		36306

		36307

		36308

		36309

		36310

		36311

		36312

		36313

		36314

		36315

		36316

		36317

		36318

		36319

		36320

		36321

		36322

		36323

		36324

		36325

		36326

		36327

		36328

		36329

		36330

		36331

		36332

		36333

		36334

		36335

		36336

		36337

		36338

		36339

		36340

		36341

		36342

		36343

		36344

		36345

		36346

		36347

		36348

		36349

		36350

		36351

		36352

		36353

		36354

		36355

		36356

		36357

		36358

		36359

		36360

		36361

		36362

		36363

		36364

		36365

		36366

		36367

		36368

		36369

		36370

		36371

		36372

		36373

		36374

		36375

		36376

		36377

		36378

		36379

		36380

		36381

		36382

		36383

		36384

		36385

		36386

		36387

		36388

		36389

		36390

		36391

		36392

		36393

		36394

		36395

		36396

		36397

		36398

		36399

		36400

		36401

		36402

		36403

		36404

		36405

		36406

		36407

		36408

		36409

		36410

		36411

		36412

		36413

		36414

		36415

		36416

		36417

		36418

		36419

		36420

		36421

		36422

		36423

		36424

		36425

		36426

		36427

		36428

		36429

		36430

		36431

		36432

		36433

		36434

		36435

		36436

		36437

		36438

		36439

		36440

		36441

		36442

		36443

		36444

		36445

		36446

		36447

		36448

		36449

		36450

		36451

		36452

		36453

		36454

		36455

		36456

		36457

		36458

		36459

		36460

		36461

		36462

		36463

		36464

		36465

		36466

		36467

		36468

		36469

		36470

		36471

		36472

		36473

		36474

		36475

		36476

		36477

		36478

		36479

		36480

		36481

		36482

		36483

		36484

		36485

		36486

		36487

		36488

		36489

		36490

		36491

		36492

		36493

		36494

		36495

		36496

		36497

		36498

		36499

		36500

		36501

		36502

		36503

		36504

		36505

		36506

		36507

		36508

		36509

		36510

		36511

		36512

		36513

		36514

		36515

		36516

		36517

		36518

		36519

		36520

		36521

		36522

		36523

		36524

		36525



Price (AUD/MWh)

15.63

20.43

21.11

40.63

33.78

31.78

31.34

20.86

16.92

18.55

28.81

20.24

25.06

17.37

25.53

20.68

20.18

43.65

27.53

18.29

18.64

19.97

22.05

19.13

20.99

19.76

22.18

22.8

21.62

18.21

15.91

17.37

25.63

25.08

32.78

30.01

27.16

15.03

15.48

16.72

19.94

27.99

18.61

15.99

18.07

26.64

23.38

25.7

17.1

15.05

15.59

13.94

16.88

17.3

16.86

16.81

15.62

14.73

13.87

16.46

16.79

20.96

22.62

17.53

27.2

14.44

14.1

16.51

17.14

16.78

23.46

20.23

17.87

17.47

16.31

16.39

16.72

15.45

17.38

15.48

16.3

15.8

15.04

17.68

20.77

20.48

14.42

15.02

15.34

15.33

20.97

18.68

17.66

16.09

15.23

14.55

15.35

16.12

15.95

20.45

16.03

16.9

17.02

16.32

16.73

17.46

17.41

14.95

17.68

20.09

24.39

29.82

21.28

20.92

16.89

27.43

51.19

38.5

36.17

29.28

28.17

22.32

28.14

31.05

27.17

24.64

27.26

25.49

22.62

34.89

37.42

24.12

27.44

27.19

26.05

25.96

33.13

36.62

39.81

37.38

31.25

26.74

21.98

29.58

27.35

31.01

34.84

33.75

34.22

22.09

26.62

26.13

30.72

33.4

27.04

22.72

21.6

35.62

32.53

36.37

22.57

26.92

28.4

26.93

28.54

50

41

45.75

30.21

26.83

23.09

32.61

36.67

33.52

29.7

27.9

31.25

24.51

36.43

36.37

35.85

34.8

30.39

33.24

27.58

26.22

28.05

26.71

25.63

21.83

24.58

19.99

21.84

24.7

25.74

20.49

20.86

26.16

19.7

19.9

29.1

27.68

24.56

24.09

29.44

29.78

26.8

25.33

23.15

23.19

22.44

25.29

24.13

28.78

27.5

94.27

27.66

30.62

30.95

26.42

21.15

22.06

22.8

21.86

24.67

32.02

27.75

33.68

39.67

34.36

27.98

20.76

27.82

32.96

26.6

23.27

21.74

23.61

22.67

27.63

17.82

18.59

19

18.31

20.26

16.7

19.88

18.74

20.52

22.3

22.33

23.03

25.56

24.85

20.21

20.8

21.42

20.2

20.21

16.99

21.2

36.43

19.48

19.55

16.23

16.95

16.82

15.76

13.84

16.27

16.99

16.17

14.76

13.75

15.37

13.66

16.33

17.54

17.29

16.67

15.41

15.54

11.89

19.11

15.64

18.3

24.19

21.9

16.39

15.53

21.88

22.68

21.14

21.02

19.7

25.18

21.88

21.48

21.99

20.75

19.9

21.69

20.47

16.91

17.8

16.22

18.7

18.78

19.94

22.38

20.05

21.38

18

17.46

17.9

17.78

17.65

15.5

20.02

18.58

21.48

20.82

19.65

17.87

17.63

19.61

23.44

19.25

19.85

19.67

20.3

17.05

20.42

29.33

34.05

32.91

20.97

18.67

16.21

18.08

23.3

24.26

18.79

15.88

18.79

13.41

16.42

18.45

21.58

21.49

16.15

15.66

14.77

15.05

15.45

14.94

14.41

13.88

13.22

13.23

14.39

14.76

13.24

13.37

13.43



NSW

				(AUD/MWh)

		Date		Average RRP

		1/1/99		$   15.63										Bin		Frequency		21.4%		15%

		1/2/99		$   20.43				Column1						-1.25		0		0.00		0.00

		1/3/99		$   21.11										-1.20		1		0.00		0.00

		1/4/99		$   40.63				Mean		-0.0004167614				-1.15		0		0.00		0.00

		1/5/99		$   33.78				Standard Error		0.0112589444				-1.10		0		0.00		0.00

		1/6/99		$   31.78				Median		-0.008404277				-1.05		0		0.00		0.00

		1/7/99		$   31.34				Mode						-1.00		0		0.00		0.00

		1/8/99		$   20.86				Standard Deviation		0.2148069686				-0.95		0		0.00		0.00

		1/9/99		$   16.92				Sample Variance		0.0461420338				-0.90		0		0.00		0.00

		1/10/99		$   18.55				Kurtosis		6.2191540227				-0.85		0		0.01		0.00

		1/11/99		$   28.81				Skewness		0.1772595673				-0.80		0		0.03		0.00

		1/12/99		$   20.24				Range		2.4581526799				-0.75		0		0.07		0.00

		1/13/99		$   25.06				Minimum		-1.2261756792				-0.70		0		0.16		0.00

		1/14/99		$   17.37				Maximum		1.2319770007				-0.65		0		0.34		0.00

		1/15/99		$   25.53				Sum		-0.1517011339				-0.60		2		0.67		0.02

		1/16/99		$   20.68				Count		364				-0.55		1		1.25		0.06

		1/17/99		$   20.18										-0.50		0		2.22		0.19

		1/18/99		$   43.65										-0.45		3		3.73		0.54

		1/19/99		$   27.53										-0.40		8		5.94		1.39

		1/20/99		$   18.29										-0.35		3		8.94		3.20

		1/21/99		$   18.64										-0.30		2		12.74		6.59

		1/22/99		$   19.97										-0.25		8		17.19		12.13

		1/23/99		$   22.05										-0.20		15		21.96		19.97

		1/24/99		$   19.13										-0.15		21		26.57		29.44

		1/25/99		$   20.99										-0.10		27		30.45		38.83

		1/26/99		$   19.76										-0.05		45		33.03		45.83

		1/27/99		$   22.18										0.00		56		33.93		48.40

		1/28/99		$   22.80										0.05		49		33.00		45.75

		1/29/99		$   21.62										0.10		29		30.39		38.69

		1/30/99		$   18.21										0.15		28		26.50		29.28

		1/31/99		$   15.91										0.20		24		21.88		19.83

		2/1/99		$   17.37										0.25		11		17.11		12.01

		2/2/99		$   25.63										0.30		8		12.67		6.51

		2/3/99		$   25.08										0.35		5		8.88		3.16

		2/4/99		$   32.78										0.40		6		5.89		1.37

		2/5/99		$   30.01										0.45		3		3.70		0.53

		2/6/99		$   27.16										0.50		2		2.20		0.19

		2/7/99		$   15.03										0.55		2		1.24		0.06

		2/8/99		$   15.48										0.60		1		0.66		0.02

		2/9/99		$   16.72										0.65		1		0.33		0.00

		2/10/99		$   19.94										0.70		1		0.16		0.00

		2/11/99		$   27.99										0.75		0		0.07		0.00

		2/12/99		$   18.61										0.80		1		0.03		0.00

		2/13/99		$   15.99										0.85		0		0.01		0.00

		2/14/99		$   18.07										0.90		0		0.00		0.00

		2/15/99		$   26.64										0.95		0		0.00		0.00

		2/16/99		$   23.38										1.00		0		0.00		0.00

		2/17/99		$   25.70										1.05		0		0.00		0.00

		2/18/99		$   17.10										1.10		0		0.00		0.00

		2/19/99		$   15.05										1.15		0		0.00		0.00

		2/20/99		$   15.59										1.20		0		0.00		0.00

		2/21/99		$   13.94										1.25		1		0.00		0.00

		2/22/99		$   16.88										More		0

		2/23/99		$   17.30

		2/24/99		$   16.86

		2/25/99		$   16.81

		2/26/99		$   15.62

		2/27/99		$   14.73

		2/28/99		$   13.87

		3/1/99		$   16.46

		3/2/99		$   16.79

		3/3/99		$   20.96

		3/4/99		$   22.62

		3/5/99		$   17.53

		3/6/99		$   27.20

		3/7/99		$   14.44

		3/8/99		$   14.10

		3/9/99		$   16.51

		3/10/99		$   17.14

		3/11/99		$   16.78

		3/12/99		$   23.46

		3/13/99		$   20.23

		3/14/99		$   17.87

		3/15/99		$   17.47

		3/16/99		$   16.31

		3/17/99		$   16.39

		3/18/99		$   16.72

		3/19/99		$   15.45

		3/20/99		$   17.38

		3/21/99		$   15.48

		3/22/99		$   16.30

		3/23/99		$   15.80

		3/24/99		$   15.04

		3/25/99		$   17.68

		3/26/99		$   20.77

		3/27/99		$   20.48

		3/28/99		$   14.42

		3/29/99		$   15.02

		3/30/99		$   15.34

		3/31/99		$   15.33

		4/1/99		$   20.97

		4/2/99		$   18.68

		4/3/99		$   17.66

		4/4/99		$   16.09

		4/5/99		$   15.23

		4/6/99		$   14.55

		4/7/99		$   15.35

		4/8/99		$   16.12

		4/9/99		$   15.95

		4/10/99		$   20.45

		4/11/99		$   16.03

		4/12/99		$   16.90

		4/13/99		$   17.02

		4/14/99		$   16.32

		4/15/99		$   16.73

		4/16/99		$   17.46

		4/17/99		$   17.41

		4/18/99		$   14.95

		4/19/99		$   17.68

		4/20/99		$   20.09

		4/21/99		$   24.39

		4/22/99		$   29.82

		4/23/99		$   21.28

		4/24/99		$   20.92

		4/25/99		$   16.89

		4/26/99		$   27.43

		4/27/99		$   51.19

		4/28/99		$   38.50

		4/29/99		$   36.17

		4/30/99		$   29.28

		5/1/99		$   28.17

		5/2/99		$   22.32

		5/3/99		$   28.14

		5/4/99		$   31.05

		5/5/99		$   27.17

		5/6/99		$   24.64

		5/7/99		$   27.26

		5/8/99		$   25.49

		5/9/99		$   22.62

		5/10/99		$   34.89

		5/11/99		$   37.42

		5/12/99		$   24.12

		5/13/99		$   27.44

		5/14/99		$   27.19

		5/15/99		$   26.05

		5/16/99		$   25.96

		5/17/99		$   33.13

		5/18/99		$   36.62

		5/19/99		$   39.81

		5/20/99		$   37.38

		5/21/99		$   31.25

		5/22/99		$   26.74

		5/23/99		$   21.98

		5/24/99		$   29.58

		5/25/99		$   27.35

		5/26/99		$   31.01

		5/27/99		$   34.84

		5/28/99		$   33.75

		5/29/99		$   34.22

		5/30/99		$   22.09

		5/31/99		$   26.62

		6/1/99		$   26.13

		6/2/99		$   30.72

		6/3/99		$   33.40

		6/4/99		$   27.04

		6/5/99		$   22.72

		6/6/99		$   21.60

		6/7/99		$   35.62

		6/8/99		$   32.53

		6/9/99		$   36.37

		6/10/99		$   22.57

		6/11/99		$   26.92

		6/12/99		$   28.40

		6/13/99		$   26.93

		6/14/99		$   28.54

		6/15/99		$   50.00

		6/16/99		$   41.00

		6/17/99		$   45.75

		6/18/99		$   30.21

		6/19/99		$   26.83

		6/20/99		$   23.09

		6/21/99		$   32.61

		6/22/99		$   36.67

		6/23/99		$   33.52

		6/24/99		$   29.70

		6/25/99		$   27.90

		6/26/99		$   31.25

		6/27/99		$   24.51

		6/28/99		$   36.43

		6/29/99		$   36.37

		6/30/99		$   35.85

		7/1/99		$   34.80

		7/2/99		$   30.39

		7/3/99		$   33.24

		7/4/99		$   27.58

		7/5/99		$   26.22

		7/6/99		$   28.05

		7/7/99		$   26.71

		7/8/99		$   25.63

		7/9/99		$   21.83

		7/10/99		$   24.58

		7/11/99		$   19.99

		7/12/99		$   21.84

		7/13/99		$   24.70

		7/14/99		$   25.74

		7/15/99		$   20.49

		7/16/99		$   20.86

		7/17/99		$   26.16

		7/18/99		$   19.70

		7/19/99		$   19.90

		7/20/99		$   29.10

		7/21/99		$   27.68

		7/22/99		$   24.56

		7/23/99		$   24.09

		7/24/99		$   29.44

		7/25/99		$   29.78

		7/26/99		$   26.80

		7/27/99		$   25.33

		7/28/99		$   23.15

		7/29/99		$   23.19

		7/30/99		$   22.44

		7/31/99		$   25.29

		8/1/99		$   24.13

		8/2/99		$   28.78

		8/3/99		$   27.50

		8/4/99		$   94.27

		8/5/99		$   27.66

		8/6/99		$   30.62

		8/7/99		$   30.95

		8/8/99		$   26.42

		8/9/99		$   21.15

		8/10/99		$   22.06

		8/11/99		$   22.80

		8/12/99		$   21.86

		8/13/99		$   24.67

		8/14/99		$   32.02

		8/15/99		$   27.75

		8/16/99		$   33.68

		8/17/99		$   39.67

		8/18/99		$   34.36

		8/19/99		$   27.98

		8/20/99		$   20.76

		8/21/99		$   27.82

		8/22/99		$   32.96

		8/23/99		$   26.60

		8/24/99		$   23.27

		8/25/99		$   21.74

		8/26/99		$   23.61

		8/27/99		$   22.67

		8/28/99		$   27.63

		8/29/99		$   17.82

		8/30/99		$   18.59

		8/31/99		$   19.00

		9/1/99		$   18.31

		9/2/99		$   20.26

		9/3/99		$   16.70

		9/4/99		$   19.88
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Daily price log returns

Return distribution with 21.4% daily volatility

Return distribution with 15% daily volatility
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Price (AUD/MWh)

Daily Average NSW Power Price (Jan. 1, 1999 - Dec. 31, 1999)
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NSW

				(AUD/MWh)

		Date		Average RRP

		1/1/99		$   15.63										Bin		Frequency		21.4%		15%

		1/2/99		$   20.43				Column1						-1.25		0		0.00		0.00

		1/3/99		$   21.11										-1.20		1		0.00		0.00

		1/4/99		$   40.63				Mean		-0.0004167614				-1.15		0		0.00		0.00

		1/5/99		$   33.78				Standard Error		0.0112589444				-1.10		0		0.00		0.00

		1/6/99		$   31.78				Median		-0.008404277				-1.05		0		0.00		0.00

		1/7/99		$   31.34				Mode						-1.00		0		0.00		0.00

		1/8/99		$   20.86				Standard Deviation		0.2148069686				-0.95		0		0.00		0.00

		1/9/99		$   16.92				Sample Variance		0.0461420338				-0.90		0		0.00		0.00

		1/10/99		$   18.55				Kurtosis		6.2191540227				-0.85		0		0.01		0.00

		1/11/99		$   28.81				Skewness		0.1772595673				-0.80		0		0.03		0.00

		1/12/99		$   20.24				Range		2.4581526799				-0.75		0		0.07		0.00

		1/13/99		$   25.06				Minimum		-1.2261756792				-0.70		0		0.16		0.00

		1/14/99		$   17.37				Maximum		1.2319770007				-0.65		0		0.34		0.00

		1/15/99		$   25.53				Sum		-0.1517011339				-0.60		2		0.67		0.02

		1/16/99		$   20.68				Count		364				-0.55		1		1.25		0.06

		1/17/99		$   20.18										-0.50		0		2.22		0.19

		1/18/99		$   43.65										-0.45		3		3.73		0.54

		1/19/99		$   27.53										-0.40		8		5.94		1.39

		1/20/99		$   18.29										-0.35		3		8.94		3.20

		1/21/99		$   18.64										-0.30		2		12.74		6.59

		1/22/99		$   19.97										-0.25		8		17.19		12.13

		1/23/99		$   22.05										-0.20		15		21.96		19.97

		1/24/99		$   19.13										-0.15		21		26.57		29.44

		1/25/99		$   20.99										-0.10		27		30.45		38.83

		1/26/99		$   19.76										-0.05		45		33.03		45.83

		1/27/99		$   22.18										0.00		56		33.93		48.40

		1/28/99		$   22.80										0.05		49		33.00		45.75
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