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Swing based contracts allow the holder to choose within limits the quantity of the underlying energy they wish to receive.  In this article we use the tree-based techniques described in the previous article to analyse a typical swing based contract – a Gas Sales Agreement (GSA).  

A GSA is a contract for the supply of variable quantities of gas within certain limits at regular intervals for a fixed price per unit.  The contract is usually for a number of years with gas being purchased on a daily basis.  The constraints on the volume that can be taken are typically: a maximum daily quantity and a minimum annual quantity; and the Take-or-Pay level (ToP), which must be taken to avoid a penalty payment.  The penalty payment is generally a certain percentage of the end of year purchase price applied to the gas shortfall i.e. the difference between the ToP and the amount actually purchased.  Furthermore, many GSA’s have a so-called make-up provision, which allows the holder to offset penalties paid in previous years against gas purchased in later years in excess of the ToP amount.

A GSA can be viewed as a mixture of a swap and a strip of options.  In the absence of a penalty, the optimal strategy is to take the maximum allowable gas when the spot price is above the purchase price and nothing otherwise, thus realising a strictly positive stream of cash flows with respect to the spot market for gas.  On the other hand, if the penalty is high and/or the ToP level is equal to the maximum quantity that can be purchased, then the optimal strategy is to avoid the penalty by purchasing the maximum allowable gas regardless of the spot gas price.  In this case the GSA is equivalent to a vanilla swap. Therefore, the first step in the risk analysis of a GSA is to value the equivalent swap and strip of options. 

We define the following notation.  The total period of the contract is denoted by T, the interval between purchases is dT, and the set of purchase prices is given by Ki where i indicates the purchase date (i=1, 2,…,m).  The maximum amount that can be taken in any interval is Vmax, the minimum quantity, as a percentage of the maximum in any year, which must be taken to avoid a penalty is given by ToP.  The penalty is a percentage of the final purchase price in the relevant year applied to the quantity shortfall in that year.  Any penalty paid can be used to offset against future purchases in any year within the make-up period MUP (years) in which the ToP level has been reached.

Consider the following example of a one year GSA (T = 1) with monthly purchase dates 

(dT = 1/12), ToP = 80%, penalty = 100%, Vmax = 1.0 and purchase prices equal to the forward prices.  We base our analysis on NYMEX Natural Gas data for March 2000.  With the purchase prices assumed equal to the forward prices the equivalent swap has zero value.  This valuation does not depend on any model assumptions.  The next step is to value the equivalent strip of options and this requires the assumption of a model for gas spot prices.  It is important that this model is consistent with the key market data – the forward curve, spot price volatilities, and captures the mean reversion and jumps in gas spot prices.  Figure 1 shows the values of the individual options in the equivalent strip of options using the mean reverting jump diffusion model we have described in earlier articles for mean reversion rates of zero (the Black model) and a value of 1.4358 obtained from fitting the model to gas forward price volatilities.
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Figure 1 : Value of Options in GSA Equivalent Strip

Notice how the value is very different for the case of no mean reversion (alpha = 0.0) and how the values vary with the market forward curve.  

The next stage in the risk analysis is to look at how the value of the GSA can vary as the ToP and penalty parameters are varied between their limiting values.  Figure 2 illustrates the results of this analysis using the methodology described in the previous article. This surface clearly shows whether the GSA is closer to a swap or a strip of options for the particular choice of these parameters.

Figure 2 : Value of the GSA - Varying the ToP and Penalty
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If either the ToP or the penalty is zero then there will be no cash penalty to be paid regardless of the volume taken.  The optimal strategy is this case is to exercise the GSA as though it were a strip of options i.e. on each payment date, if the spot price is greater than the purchase price then the maximum allowable volume should be taken, if the spot price is less than the purchase price nothing is taken.  If the ToP level is 100% then we must take the maximum allowable volume on every single payment date in order to avoid a penalty payment.  If in addition the penalty is 100% then we will have to fully pay for any gas that is not taken.  Thus the optimal strategy in this case is to take the maximum allowable volume on each purchase date and the GSA becomes equivalent to a standard swap contract.  Increasing penalty levels have a much stronger effect on the value of the optionality in the GSA than increasing ToP levels.  Increasing penalty levels above approximately 75% does not affect the value for a fixed ToP level.  Conversely, the effect of increasing ToP levels becomes stronger as ToP increases.  Thus for typical values of 100% penalty and ToP of 80% or more there is very little valuation sensitivity with respect to the penalty but significant valuation sensitivity to the chosen ToP value.  Note that the relationship between the penalty and ToP and the location of the GSA value between the limiting cases of the swap and option strip values are important checks that can and should be used in the analysis process.

Another key part of the analysis is to look at the optimal purchase strategy as function of the spot gas price and the volume of gas that remains to be purchased to avoid the penalty
.  Figure 3 shows the optimal volume to be purchased for the sixth purchase date.

Figure 3 : Value of Options in GSA Equivalent Strip
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Analysis of the optimal strategy reveals that there is a critical spot gas price S*(t) ( < K ) which varies through the life of the GSA above which it is optimal to take gas.  The optimal volume decision is essentially binary i.e. either take nothing or the maximum possible.  When the volume remaining to take is small, relative to the time remaining, the optimal exercise strategy is option-like.  The critical spot price can be viewed as being equal to the purchase price in this case.  This can be seen in the lower section of Figure 3.  When the time remaining is such that gas must be purchased on every purchase date to avoid the penalty then S*(t) becomes much less than the purchase price.  The presence of the penalty therefore turns the GSA into a combination of a strip of options and a swap with a floor at the critical spot price.

The introduction of a make-up provision typically has little value if the GSA is exercised optimally with respect to the spot market price of gas.  Since the penalty payment means that any shortfall in the gas taken must be paid for anyway, the optimal critical spot price is such that a shortfall is almost always avoided.  Therefore there are very few instances when there is make-up gas available in later years to be used.  However, if in a particular year the purchase prices are relatively high compared to the forward curve then, with a make-up provision it can become optimal to postpone purchases to a later year.  For example, a 2 year GSA with same parameters as before but with purchase prices in the first year 20% above the forward curve and 20% below in the second year, would be worth approximately 35% more with a one year make-up provision in the second year.
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� The material in this article is partly based on chapter 7 of Clewlow and Strickland [2000].


� This choice of volume variable was suggested by Thompson (1995).
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