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The Hedging Efficiency of Crude Oil Markets 

Paul Horsnell, Alban Brindle and Walter Greaves 

ABSTRACT 

This paper considers the measurement of hedging efficiency. It is argued that 
conventional measures of the efficiency of risk management operations m y  be 
unreliable in commodities where the available hedge represents the value of the 
commodity for forward, rather than prompt, delivery. Considerable biases can arise 
when the time structure of prices is not considered, which tend to lead to overstatement 
of the efficiency of the hedgmg vehicle. 

As an alternative we propose the use of simulations of hedges. The use of 
simulations not only produces very different results to standard financial formulae, but also 
demonstrates the sensitivity of the effectiveness of hedging to the time structure of prices. 
This produces some direct inferences for optimal hedging behaviour. 

Our simulations consider how effective crude oil futures are for the hedging of 
various streams of tradeable crude oil. The futures contracts, used alone in a hedging 
strategy, are shown to perform unpredictably in the hedging of dated Brent, which is the 
direct price index for some 16 million barrels per day of crude oil trade, and whose 
influence, particularly in the Far East, is still expanding. 

We contend that the reason for this poor hedging performance is the non- 
randomness of the basis risk between futures and prompt crude oil. This basis tends to 
trend, and we consider hedging effectiveness in three regimes, contangos and both 
narrowing and widening backwardations. We find that the hedging effectiveness is highly 
dependent on the time structure regime. Because of the potential size and volatility of the 
basis, under some conditions using futures as a hedgmg instrument can produce more risk 
than unhedged positions. This also has implications for market structure, with the 
development of informal markets to help hedge the risk that can not be hedged by the use 
of the futures. The implication of our analysis is that the potential gains are considerable 
for futures market users who are unable, or unwilling, to access the subsidiary informal 
markets, should a futures contract whose value more closely proxies that of dated Brent 
be available. 
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The Hedging Efficiency of Crude Oil Markets 

1. Introduction 

The focus of this paper is on the measurement of hedging efficiency. We argue that 

conventional approaches, originally developed for analysing the hedgmg of Treasury 

bonds, are unreliable in commodities where the time structure of prices plays an 

important role. A full consideration of the nature and causes of changes in the time 

structure is necessary to develop an effective hedging strategy. 

We consider the market for crude oil, which is prone to large variations in the time 

structure of prices. The results of simulations of actual hedges differ markedly from 

conventional efficiency measures which concentrate on variance reduction. This occurs 

because conventional measures overlook the basis risk inherent in the time structure of 

prices. Further, we note that there are considerable differences in efficiency between time 

structure regimes. There are differences not only between contangos and backwardations, 

but also between time periods when any backwardation is widening and when it is 

narrowing. Variations in the time structure can have a severely detrimental effect on the 

efficiency of the hedge. 

The paper is divided into five sections. Section 2 considers the conventional method 

of hedge efficiency measurement based on price variances. Section 3 shows the results of 

simulated hedges in the market for UK North Sea Brent blend crude oil, and compares 

them to the conventional measure. Section 4 discusses how the time structure of crude oil 

prices leads to the relatively poor performance of simulated hedges compared to those 

implied by the variance measures. Section 5 extends the analysis to hedges involving the 

spread between Brent and other crude oils, and in particular the key US marker crude, 

West Texas Intermediate. Section 6 provides some conclusions and some implications for 

hedging strategy. 

0. I. E.S. 1 



2. Variance Based Hedge Efficiencies 

The seminal approach to analysing hedging efficiency is that of Ederington (1979)'. His 

method can be summarised as follows : the potential hedger holds a portfolio, I?, consisting 

of quantities Qs and Qf of spot and futures, with the respective variances of the prices of 

spot and futures being d, and df, and the covariance in prices being aSF 

Then Var(P) = dsQZs + dfQZf + 2asQsQf 

Let 8 be the proportion of the total holdings of the spot commodity that is hedged, so that 

8 = -Q4Qs 

The risk minimising hedge ratio will be that where aVar(P)/ - 88 = 0 

and thus 8" = a,f/df 

Substituting this expression back into (1) gives the risk-minimising portfolio, I?", variance 

as 

The ratio of this variance to the variance of an unhedged portfolio is then: 

Ederington, L.H. (1979), "The Hedging Performance of the New Futures Markets",Journal of Finance 
vol. 34 no. 1. 
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f i e  Hedging Efickncy of Crude Oil Markets 

Where r? is the population correlation coefficient between changes in price of the spot and 

future commodities. 

Defining hedging efficiency as the proportional reduction in variance compared to 

an unhedged position then gives the hedge effectiveness, e, as being equal to 8. Following 

the Ederington approach the correct hedge ratio, e", is given by dsf/df, and the hedgmg 

efficiency will be given by 8*asJds. 

There are major points that arise from the use of such an approach to analysing 

hedge efficiencies and constructing hedge ratios. The first is the problem that the approach 

concentrates on purely risk minimising agents which accept no trade off between risk and 

return. For example, in Figure 1 R represents the risk -return frontier running between 

the portfolios P' (unhedged, 8=0), and P2 (fully hedged, 8=1). P3 shows the risk- 

minimising portfolio with 8-8* as derived above. P3 cannot be utility-maximising as long 

as the agent will accept any trade off between risk and return. The utility-maximising 

point will be a point of tangency between R and a risk-return indifference curve, such as 

the point P4 with 8 < 8*. Incorporation of utility maximisation rather than pure risk 

minimisation has been made in a series of empirical papers? 

The second major point is the correct form of estimation for e. With stationary 

data, the coefficient in the regression of P, and Pf will equal 8". Hedgmg efficiencies can 

be simply calculated as 1 minus the ratio of the variance of the basis to the variance of spot 

See in particular Cecchetti, S.G., E.E. Cumby and S .  Figleski (1988), "Estimation of the Optimal 
Futures Hedge", Review of Economic Studies vol. 70. 
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The Hedging Eficiency of Crude Oil Markets 

prices. This empirical approach becomes inappropriate if the relationship between prices 

varies over time, if prices are non-stationary (i.e. do not have both constant means and 

variances), or if the variance of the basis is not normally distributed. 

Several of the above cases have been dealt with in the literature. For instance, 

Cecchetti et al. (198Q3 have considered the case where there is time variation in the joint 

distribution of (Ps,P$. Long (1991)4, analysing gasoil futures, detected non-stationarity in 

prices, corrected by use of cointegration techniques, and revealed that such non-stationarity 

leads to severe biases in the standard measures of hedge ratios and hedgmg efficiencies. 

This paper concentrates on a further departure from the standard assumptions and 

considers the consequences when the standard assumption of basis normality cannot be 

maintained. In particular, we consider the case where variance of the basis depends on the 

time structure of the market. Ederington’s formula was based on the analysis of a financial 

market, namely the market for US T-Bonds. We find that variations of return due to any 

instability in the time structure of commodity markets can reduce the usefulness of the 

efficiency measure. 

op. cit. 

D. Long (1991), European Garoil Markets: Price Relationsbijx, Hedging and Eficimcy, WPM 16, Oxford 
Institute for Energy Studies, Oxford. 
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3. Simulations of Crude Oil Hedging 

In this section we consider the results of simulated hedges in the crude oil market as 

opposed to the use of financial formulae such as the Ederington measure explained in the 

previous section. We have used this methodology to show the results of actual hedges, and 

to quantdy the benefits of hedging. We will show that while significant advantages can be 

gained by hedgmg, the Ederington formulae tends to overstate them. From the point of 

view of a real world hedger, reliance on the Ederington formula can result in unawareness 

of the true impact of their risk management operations. 

For illustration all simulations are shown from the point of view of the short 

hedger. This is broadly representative of most risk management in the oil industry where, 

for example, a producer would hedge short term price risk arising from the sale of physical 

Oil. 

We provide the results of simulated hedges in the market for North Sea Brent blend. 

The essential features of this market, or in reality complex of markets, are as follows. Spot 

Brent, known as dated Brent, represents cargoes of half a million barrels of Brent blend to 

be loaded within fifteen days at the Sullom Voe terminal in the Shetland Islands. The 

market has two main hedging vehicles, an informal forward market and a futures contract 

at the International Petroleum Exchange of London (PE), which is cash settled against 

forward market prices. 

There are also a series of subsidiary Brent markets, of which the most important 

is the CFD (Contract for Differences) market, a hedging instrument which involves 

trading the spread between spot and forward prices for Brent.5 This is an informal swaps 

market with no centralised exchange or clearing house. We contend that this market has 

primarily arisen as a result of the deficiencies of futures contracts in hedgmg spot crude oil, 

and many major traders will use it as an adjunct to the futures market to improve hedgmg 

efficiency. The use of CFDs can be highly valuable in the risk management of companies 

An analysis of the markets for Brent is given in P. Horsnell and R. Mabro (1993), Oil Markets and 5 

Prices, Oxford University Press. 
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who trade this informal instrument. However, the market operates under regulatory and 

default risk, and has been prone to squeezes. As a result many hedgers who use the formal 

market are unwilling to use the informal market as an additional risk management 

mechanism. 

For the purpose of this paper we will consider hedgers who are unwilling or unable 

to trade the CFD market. There is thus a proviso to our results, which will understate the 

hedgmg achievement of those who use both formal and informal instruments in 

constructing a hedge. Our focus here is purely on the effectiveness of the futures market 

alone, and not on several elements drawn from the complex of Brent markets being used 

simultaneously. 

It should be noted that there is a very considerable amount of price risk linked to 

the Brent market. Its importance arises from the use of dated Brent as the marker for 

virtually all crude oil spot trade in Europe and West Africa. It is also used in the formula 

prices used in term sales to Europe and elsewhere by producer countries. In total as the 

price of dated Brent changes, the price of over one half of all world trade in crude oil (with 

a value of some $100 billion per year) automatically changes by formula linkages. 

The purpose of the paper is then to consider the effect of having futures contracts 

that converge onto the price of the forward rather than the spot commodity, in a world 

where the risk is primarily spot price related. We therefore consider the hedging of spot 

crude oil by the use of IPE futures Brent, and. as explained above, assume that no other 

instrument is used in conjunction with futures. 

Our analysis in this and later sections covers several distinct time periods. We 

conducted separate analyses for the Gulf crisis (taken to be the period from the Iraqi 

invasion of Kuwait on 2nd August 1990 and the UN attack on Iraq on 16th January 1991), 

and for post crisis 1991. The simulated hedges were designed as follows. On each day we 

assume that a fresh hedge is opened, and have considered two cases according to whether 

O.I.E.S. 7 
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the hedge was closed one or four weeks later. For each period the average profit or loss 

on the hedged position, and its mean deviation6, was calculated and compared to the profit 

or loss on the unhedged position. 

We analysed prices for six types of crude oil to be hedged, with the results being 

shown in Table 1. For each simulation the average profit or loss for both hedged and 

unhedged positions is calculated together with their respective standard deviations. The 

mean deviations for unhedged and hedged positions are then calculated, and the hedging 

efficiency defined as the percentage reduction in the unhedged mean deviation brought 

about by hedging. The simulated hedges produce considerably less efficiency than the 

Ederington measure for all six crude oils and for both one and four-week hedges. The 

average efficiency of the simulations was 50 per cent for one-week hedges and 57.4 per cent 

for four-week hedges, compared to an average of 93.2 per cent for the Ederington measure. 

It is notable that the crude least effectively hedged by futures Brent is in fact dated Brent, 

the same crude oil differentiated only by its time of delivery. The bias is not being caused 

by crude oil quality or location, but by time as represented in the time structure of Brent 

prices. 

The difference between simulated hedge efficiencies and the Ederington measure is 

demonstrated even more clearly by consideration of the Gulf crisis period as shown in 

Table 2. Here the average efficiency of the simulated one-week hedges is 46.7 per cent, and 

for the four-week hedges 36.9 per cent. The Ederington measure average is 91.8 per cent. 

The amount of risk left after hedging is highly sigdicant in reality. While hedgmg 

reduces the losses from unhedged positions, more than half those losses remain and hence 

there will a role for further instruments such as CFDs. The Ederington measure by 

contrast implies that hedgmg removes virtually all risk, and leaves little value in the 

operation of any further hedging instrument beyond the futures contract. 

The mean plus 0.798 of a standard deviation. 6 

O.I.E.S. 8 
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%e Hedging Efi&ncy of Crude Oil Markets 

The measure of hedge efficiency based on comparison of average profit or losses 

from hedged and unhedged positions we have used, is, we would argue, of more relevance 

to the real world hedger than the Ederington measure which is based purely on price 

variances. Including the variations in return arising from the time structure of prices 

provides a better picture of the impact on the overall financial costs and benefits of hedging 

operations. 

The Ederington formula was designed for use in financial futures. It does not 

perform well in some commodity markets, and especially crude oil markets, despite its 

prevalent use. The reason lies in the presence of often large and unstable contangos and 

backwardations in crude oil markets. The backwardations tend to be larger than in other 

commodity markets, and they tend to have greater duration. To fully assess hedging 

effectiveness in crude oil markets further consideration has to be given to these features. 

O.I.E.S. 11 



4. The Time Structure of Crude Oil Prices 

Crude oil markets have a tendency to be in backwardation. This feature arises more from 

refiners’ behaviour and from the logistics of crude oil supply, than from any form of 

’normal backwardation’ as propounded by Keynes and Hicks’. Crude oil is a bulky 

commodity for which storage is expensive and limited. There is a strong incentive for 

refiners to keep close to minimum inventory levels. Compared to metals or to agricultural 

commodities there is less demand (in terms of days of forward demand) for precautionary 

inventories. In addition, oil has a very different mode of operation compared to metals or 

to soft commodities. In the metals market, incremental production tends to be only a 

small fraction of total available stocks. The time structure of soft commodity prices and 

the swings between backwardations and contangos are determined completely by harvest 

times. Backwardations in oil are a function of the supplydemand balance for promptly 

delivered crude oil. Tightness in the short-term market results in a backwardation, the 

premium for prompt delivery. By contrast, a contango normally arises where the prompt 

market is well supplied. If the contango grows large enough to cover interest and storage 

charges, then it will encourage stockbuilding, which tends to stabilise and prolong the 

period of contango. 

A few key points need to be made about the asymmetry of the characteristics of 

contangos and backwardations in the crude oil market. First, there is an asymmetry in 

their potential size. The size of a contango is limited by the storage cost of oil (at least 

while spare storage capacity remains). Cash-and-carry arbitrage (buying prompt, storing 

and selling forward) keeps the contango within bounds. By contrast, there is no necessary 

limit to the size of a backwardation. As a backwardation is a premium that refiners are 

willing to pay for prompt delivery, its maximum is undefined in extremely tight prompt 

markets. The second asymmetry concerns stability. Backwardations tend to be unstable, 

and can either widen or narrow quickly. By contrast, contangos tend to be stable. 

’ J.M. Keynes (1930) A Treatise on Money vol. 2, J.R. Hicks (1946) Value and Capital, Oxford 
University Press. 
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The basis variance tends not be a random day to day change. It often (and indeed 
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Figures 2 and 3 show two examples of this effect. In Figure 2 a narrowing 

backwardation between dated Brent and the January 1993 IPE Brent contract is shown with 

a typical trend in the narrowing of the basis. In Figure 3 a widening backwardation 

between dated Brent and the March 1993 P E  Brent contract is shown. These figures are 

illustrative of the general phenomenon that backwardations in oil do systematically narrow 

or widen. The hypothesis of serial independence in the change in the basis during periods 

of backwardation can be rejected, i.e. statistically there is no random walk in the level of 

crude oil backwardations. 
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Figure 3 : Brent Backwardation (Wdening). Dated Brent 
minus IPE Brent March 199.3 contract. January 28th to 
February 8th 1993. $ per barrel. 

I 

A backwardation represents an unfavourable bias to the short hedger. If the 

backwardation widens then the bias increases, reducing the attractiveness of hedging. A 

combination of widening backwardations together with increases in prompt prices should 

militate against the opening of any short hedges. The simulations demonstrate this clearly, 

while the effect is lost when using the Ederington formula. 

The impact of changes in the time structure of prices is of crucial importance. In 

Table 3 the Gulf crisis period is broken into two sub-periods, one manifesting narrowing, 

and one widening backwardations. As there was no contango during the Gulf crisis given 

the demand pressure on prompt supplies, the 199213 period is used to show contangos. 

The efficiencies of the simulated hedges of dated Brent by Brent futures are shown, 

together with the Ederington formula efficiencies. 

O.I.E.S. 14 
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Table 3 : Hedging Effectiveness by Time Structure of Prices 

Narrowing Widening Contango 

Backwardation Backwardation 

Ederington Formula 

1 week 8 7% 91% 82% 

4 week 95% 95% 8 7% 

Simulated Hedges 

1 week 6 5 '/o - 1350% 68% 

4 week 5 7% -9% 86% 

The result of simulated hedges presented in Table 3, shows that widening 

backwardations pose particular problems for short hedgers, representing an increase in the 

bias against the hedger. Under conditions of widening backwardations, the simulated 

hedges have negative efficiency, i.e. hedging under these circumstances simply adds to the 

effect of holding an unhedged position. Short hedges should not normally be opened under 

conditions of widening backwardations and rising prices. By contrast, the Ederington 

formula implies that hedging is highly effective under these circumstances. The differences 

between the regimes also imply that an analysis based on, say, daily data over the course 

of a year can be misleading.8 Such an analysis will combine periods of contango, where the 

simulations imply that hedging is highly effective, together with the two backwardation 

regimes where it is not. 

See for example K.M. Dominguez (1989) "The Volatility and Efficiency of Crude Oil Futures 
Contracts" in K.M. Dominguez et. al. Oil and Money: Coping with Price Risk lhougb  Financial Markets, 
Harvard University Press. 

0. I. E.S. 15 

8 



5. Using Other Crude Oil Futures 

The time structure of crude oil prices is essentially a regional phenomenon dictated by local 

supply-anddemand factors. There is no reason why the time structure of North Sea prices 

should necessarily be similar to those in the USA. The price of the US domestic marker 

crude oil, West Texas Intermediate (WTI), is determined by the trading of the light sweet 

crude oil contract on the New York Mercantile Exchange (NYMEX). The NYMEX 

contract is based on delivery at Cushing Oklahoma, from whence crude oil can only flow 

north by pipelines into the Mid-West. Thus, the supplydemand balance relevant for WTI 

is that of the Mid-West region, in particular, Indiana, Illinois and Kentucky (the I-I-K 

refining district). 4 

Potential biases are larger when we consider the hedging of positions involving a 

spread between Brent and other marker crude oils, particularly in the US market. 

Distortions due to differential movements in the time structure of prices affect the basis 

risk between Brent and crude oils in other regions of the world. The markets for Brent and 

WTI need not be in contango or backwardation at the same time, and frequently are not, 

because of the dissimilarities between patterns in I-I-K and the North Sea. 

A major part of this difference is logistical. As it is a pipeline market, the market 

for WTI is prone to the effects of pipeline scheduling, which must be completed by the 

24th of the month prior to delivery. At times of peak demand, pipeline space becomes 

scarce, and near-month deliveries are bid up, resulting in large backwardations. This effect 

is often known as the "Cushing cushion", and represents a decoupling of WTI prices from 

the world market. When the cushion is in operation, large backwardations in WTI can 

occur even when other world markets are in contangos. The characteristics of US Mid- 

West supply problems are usually unrelated to the supply situation in other areas. 

A second cause of the difference relates to the timing of peak demand. Outside the 

USA, this tends to occur in the winter, with a peak demand for distillate products. The 

time structures of prices in the WTI and Brent markets tend not to move together, and 

indeed any correlation could be negative. In the I-I-K refining area, peak demand occurs 

O.I.E.S. 16 
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during the late Spring to early Autumn seasonal peak for gasoline demand. Thus the most 

likely time for backwardations in the WTI market is, in fact, the most likely time for 

contangos in the Brent market. Furthermore, the basis between Brent and WTI exhibits 

long periods of systematic trending. Figure 4 shows the behaviour of the June 1994 WTI 

contract to Dated Brent ddferential from January 1994 until the expiry of the WTI 

contract at the end of May. A series of pronounced trends are apparent, with systematic 

widenings and narrowings of the differential that trend, often for periods of a month or 

more. 

2.5 

2 

1.5 

1 

0.5 

0 
Jan Feb Mar APr May 

Figure 4 : West Texds Intermdizte - Dated Brent Lhferential. June 1994 NJWEX Wi' 
contract minus Dated Brent, January to May 1994. $ per barrel. 

For purposes of comparison, the analysis of the effectiveness of Brent futures shown 

in Tables 1 and 2 is repeated using WTI futures as the risk-management instrument in 

Tables 4 and 5. Two main points emerge from these tables. First, the overstatement of 
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For purposes of comparison, the analysis of the effectiveness of Brent futures shown 

in Tables 1 and 2 is repeated using WTI futures as the risk-management instrument in 

Tables 4 and 5. Two main points emerge from these tables. First, the overstatement of 

0. I. E. S. 17 
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efficiency by the Ederington measure in crude oil markets is confirmed. It is not confined 

to hedgmg using Brent. Secondly, while P E  Brent futures do provide a better instrument 

for the six crude oils than do NYMEX WTI futures, the differential in performance is not 

as large as that implied by the Ederington formula, which captures the basis risk between 

WTI and Brent while missing the dominant time risk. 

0. I. E.S. 18 
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6. Conclusions 

We have considered the problems of hedgmg a commodity where movements in basis risk 

can show systematic trends. In particular, we have shown that hedging performance in the 

crude oil market is dependent on the time structure of prices, and that contangos and 

narrowing and widening backwardations represent three distinct regimes. Variance 

reduction measures of hedgmg efficiency, which conflate all three regimes and assume 

random behaviour of the basis risk, tend to overestimate efficiency in comparison with the 

results of simulated hedges. We have demonstrated that simulation produces a more 

meaningful measure. 

We have seen that, while less than that implied by variance reduction measures, 

hedging in crude oil markets produces very signrficant reductions in risk. There is some 

sigmficant residual risk which arises from the need to hedge spot commodities with a 

hedgrng instrument that represents oil for forward delivery and that does not converge on 

spot prices. 

The clear conclusion of our analysis is that hedgers do need to take account of the 

time structure, and consider and take a view of its dynamics. The inferences that can be 

drawn on the likely effectiveness of hedgmg crude oil using futures alone are summarised 

in Table 6 for both short and long hedgers. 
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I Table 6 : Inferred Effectiveness of Hedging by Time Structure and Type of Hedge 

I Time Structure Short Hedge Long Hedge 

Narrowing Backwardation Medium 

Widening Backwardation Low 

Contango High 

Medium 

High 

Medium 

and Limited 

The effectiveness of hedging is lowest when the time structure is moving against the 

hedger, e.g. for a short hedger in a widening backwardation. Hedging strategy is therefore 

vitally dependent on the current time structure of prices, and also requires a view to be 

taken over its future evolution. To achieve this a successful hedging strategy must take in 

account the reasons why, say, a backwardation is changing. 

If hedging using Brent futures leaves considerable time risk, the question is then 

raised as to the potential value of a futures contract that reflected the value of dated Brent 

and thus removed that time risk. We have considered hedging crude oil from the point of 

view of the hedger who only uses futures as a risk management instrument. We have 

noted that many market participants also use informal mechanisms, in particular CFDs, 

toimprove hedging performance. 
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