C H A P T E R

4

HEDGING STRATEGIES USING
FUTURES
Many of the participants in futures markets are hedgers. Their aim is to use futures markets to
reduce a particular risk that they face. This risk might relate to the price of oil, a foreign exchange
rate, the level of the stock market, or some other variable. A perfect hedge is one that completely
eliminates the risk. In practice, perfect hedges are rare. To quote one trader: "The only perfect
hedge is in a Japanese garden." For the most part, therefore, a study of hedging using futures
contracts is a study of the ways in which hedges can be constructed so that they perform as close to
perfect as possible.
In this chapter we consider a number of general issues associated with the way hedges are set up.
When is a short futures position appropriate? When is a long futures position appropriate? Which
futures contract should be used? What is the optimal size of the futures position for reducing risk?
At this stage, we restrict our attention to what might be termed hedge-and-forget strategies. We
assume that no attempt is made to adjust the hedge once it has been put in place. The hedger
simply takes a futures position at the beginning of the life of the hedge and closes out the position
at the end of the life of the hedge. In Chapter 14 we will examine dynamic hedging strategies in
which the hedge is monitored closely and frequent adjustments are made.
Throughout this chapter we will treat futures contracts as forward contracts, that is, we will
ignore daily settlement. This means that we can ignore the time value of money in most situations
because all cash flows occur at the time the hedge is closed out.

4.1

BASIC PRINCIPLES

When an individual or company chooses to use futures markets to hedge a risk, the objective is
usually to take a position that neutralizes the risk as far as possible. Consider a company that
knows it will gain $10,000 for each 1 cent increase in the price of a commodity over the next three
months and lose $10,000 for each 1 cent decrease in the price during the same period. To hedge,
the company's treasurer should take a short futures position that is designed to offset this risk. The
futures position should lead to a loss of $10,000 for each 1 cent increase in the price of the
commodity over the three months and a gain of $10,000 for each 1 cent decrease in the price during
this period. If the price of the commodity goes down, the gain on the futures position offsets the
loss on the rest of the company's business. If the price of the commodity goes up, the loss on the
futures position is offset by the gain on the rest of the company's business.
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Short Hedges

A short hedge is a hedge, such as the one just described, that involves a short position in futures
contracts. A short hedge is appropriate when the hedger already owns an asset and expects to sell it
at some time in the future. For example, a short hedge could be used by a farmer who owns some
hogs and knows that they will be ready for sale at the local market in two months. A short hedge
can also be used when an asset is not owned right now but will be owned at some time in the
future. Consider, for example, a U.S. exporter who knows that he or she will receive euros in three
months. The exporter will realize a gain if the euro increases in value relative to the U.S. dollar and
will sustain a loss if the euro decreases in value relative to the U.S. dollar. A short futures position
leads to a loss if the euro increases in value and a gain if it decreases in value. It has the effect of
offsetting the exporter's risk.
To provide a more detailed illustration of the operation of a short hedge in a specific situation,
we assume that it is May 15 today and that an oil producer has just negotiated a contract to sell
1 million barrels of crude oil. It has been agreed that the price that will apply in the contract is the
market price on August 15. The oil producer is therefore in the position considered above where it
will gain 510,000 for each 1 cent increase in the price of oil over the next three months and lose
$10,000 for each 1 cent decrease in the price during this period. Suppose that the spot price on
May 15 is $19 per barrel and the August crude oil futures price on the New York Mercantile
Exchange (NYMEX) is $18.75 per barrel. Because each futures contract on NYMEX is for the
delivery of 1,000 barrels, the company can hedge its exposure by shorting 1,000 August futures
contracts. If the oil producer closes out its position on August 15, the effect of the strategy should
be to lock in a price close to $18.75 per barrel.
As an example of what might happen, suppose that the spot price on August 15 proves to be
$17.50 per barrel. The company realizes $17.5 million for the oil under its sales contract. Because
August is the delivery month for the futures contract, the futures price on August 15 should be very
close to the spot price of $17.50 on that date. The company therefore gains approximately
$18.75-$17.50 = $1.25
per barrel, or $1.25 million in total from the short futures position. The total amount realized from
both the futures position and the sales contract is therefore approximately $18.75 per barrel, or
$18.75 million in total.
For an alternative outcome, suppose that the price of oil on August 15 proves to be $19.50 per
barrel. The company realizes $19.50 for the oil and loses approximately
S19.50-$18.75 = $0.75
per barrel on the short futures position. Again, the total amount realized is approximately $18.75
million. It is easy to see that in all cases the company ends up with approximately $18.75 million.
Long Hedges

Hedges that involve taking a long position in a futures contract are known as long hedges. A long
hedge is appropriate when a company knows it will have to purchase a certain asset in the future
and wants to lock in a price now.
Suppose that it is now January 15. A copper fabricator knows it will require 100,000 pounds of
copper on May 15 to meet a certain contract. The spot price of copper is 140 cents per pound, and
the May futures price is 120 cents per pound. The fabricator can hedge its position by taking a
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long position in four May futures contracts on the COMEX division of NYMEX and closing its
position on May 15. Each contract is for the delivery of 25,000 pounds of copper. The strategy has
the effect of locking in the price of the required copper at close to 120 cents per pound.
Suppose that the price of copper on May 15 proves to be 125 cents per pound. Because May is
the delivery month for the futures contract, this should be very close to the futures price. The
fabricator therefore gains approximately
100,000 x ($1.25 - SI.20) = $5,000
on the futures contracts. It pays 100,000 x $1.25 = $125,000 for the copper, making the total cost
approximately $125,000 - $5,000 = $120,000. For an alternative outcome, suppose that the
futures price is 105 cents per pound on May 15. The fabricator then loses approximately
100,000 x ($1.20 - $1.05) = $15,000
on the futures contract and pays 100,000 x $1.05 — $105,000 for the copper. Again, the total cost
is approximately $120,000, or 120 cents per pound.
Note that it is better for the company to use futures contracts than to buy the copper on
January 15 in the spot market. If it does the latter, it will pay 140 cents per pound instead of
120 cents per pound and will incur both interest costs and storage costs. For a company using
copper on a regular basis, this disadvantage would be offset by the convenience yield associated
with having the copper on hand (see Section 3.12 for a discussion of convenience yields).
However, for a company that knows it will not require the copper until May 15, the convenience
yield has no value.
Long hedges can also be used to partially offset an existing short position. Consider an investor
who has shorted a certain stock. Part of the risk faced by the investor is related to the performance
of the stock market as a whole. The investor can neutralize this risk by taking a long position in
index futures contracts. This type of hedging strategy is discussed further later in the chapter.
The examples we have looked at assume that the futures position is closed out in the delivery
month. The hedge has the same basic effect if delivery is allowed to happen. However, making or
taking delivery can be a costly business. For this reason, delivery is not usually made even when
the hedger keeps the futures contract until the delivery month. As will be discussed later, hedgers
with long positions usually avoid any possibility of having to take delivery by closing out their
positions before the delivery period.
We have also assumed in the two examples that a futures contract is the same as a forward
contract. In practice, marking to market does have a small effect on the performance of a hedge.
As explained in Chapter 2, it means that the payoff from the futures contract is realized day by day
throughout the life of the hedge rather than all at the end.

4.2

ARGUMENTS FOR AND AGAINST HEDGING

The arguments in favor of hedging are so obvious that they hardly need to be stated. Most
companies are in the business of manufacturing or retailing or wholesaling or providing a service.
They have no particular skills or expertise in predicting variables such as interest rates, exchange
rates, and commodity prices. It makes sense for them to hedge the risks associated with these
variables as they arise. The companies can then focus on their main activities—in which
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presumably they do have particular skills and expertise. By hedging, they avoid unpleasant
surprises such as sharp rises in the price of a commodity.
In practice, many risks are left unhedged. In the rest of this section we will explore some of the
reasons.
Hedging and Shareholders
One argument sometimes put forward is that the shareholders can, if they wish, do the hedging
themselves. They do not need the company to do it for them. This argument is, however, open to
question. It assumes that shareholders have as much information about the risks faced by a
company as does the company's management. In most instances, this is not the case. The
argument also ignores commissions and other transactions costs. These are less expensive per
dollar of hedging for large transactions than for small transactions. Hedging is therefore likely to
be less expensive when carried out by the company than by individual shareholders. Indeed, the
size of futures contracts makes hedging by individual shareholders impossible in many situations.
One thing that shareholders can do far more easily than a corporation is diversify risk. A
shareholder with a well-diversified portfolio may be immune to many of the risks faced by a
corporation. For example, in addition to holding shares in a company that uses copper, a welldiversified shareholder may hold shares in a copper producer, so that there is very little overall
exposure to the price of copper. If companies are acting in the best interests of well-diversified
shareholders, it can be argued that hedging is unnecessary in many situations. However, the
extent to which managements are in practice influenced by this type of argument is open to
question.
Hedging and Competitors
If hedging is not the norm in a certain industry, it may not make sense for one particular company
to choose to be different from all the others. Competitive pressures within the industry may be such
that the prices of the goods and services produced by the industry fluctuate to reflect raw material
costs, interest rates, exchange rates, and so on. A company that does not hedge can expect its profit
margins to be roughly constant. However, a company that does hedge can expect its profit margins
to fluctuate!
To illustrate this point, consider two manufacturers of gold jewelry, SafeandSure Company and
TakeaChance Company. We assume that most jewelry manufacturers do not hedge against
movements in the price of gold and that TakeaChance Company is no exception. However,
SafeandSure Company has decided to be different from its competitors and to use futures contracts
to hedge its purchases of gold over the next 18 months.
Has SafeandSure Company reduced its risks? If the price of gold goes up, economic pressures
will tend to lead to a corresponding increase in the wholesale price of the jewelry, so that
TakeaChance Company's profit margin is unaffected. By contrast, SafeandSure Company's profit
margin will increase after the effects of the hedge have been taken into account. If the price of gold
goes down, economic pressures will tend to lead to a corresponding decrease in the wholesale price
of the jewelry. Again, TakeaChance Company's profit margin is unaffected. However, SafeandSure
Company's profit margin goes down. In extreme conditions, SafeandSure Company's profit
margin could become negative as a result of the "hedging" carried out! The situation is
summarized in Table 4.1.
The foregoing example emphasizes the importance of looking at the big picture when hedging.
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Table 4.1

Danger in hedging when competitors do not

Change in
gold price

Effect on price
of gold jewelry

Effect on profits of
TakeaChance Co.

Effect on profits
of SafeandSure Co.

Increase
Decrease

Increase
Decrease

None
None

Increase
Decrease

All the implications of price changes on a company's profitability should be taken into account in
the design of a hedging strategy to protect against the price changes.
Other Considerations
It is important to realize that a hedge using futures contracts can result in a decrease or an increase
in a company's profits relative to the position it would be in with no hedging. In the example
involving the oil producer considered earlier, if the price of oil goes down, the company loses
money on its sale of 1 million barrels of oil and the futures position leads to an offsetting gain. The
treasurer can be congratulated for having had the foresight to put the hedge in place. Clearly, the
company is better off than it would be with no hedging. Other executives in the organization, it is
hoped, will appreciate the contribution made by the treasurer. If the price of oil goes up, the
company gains from its sale of the oil, and the futures position leads to an offsetting loss. The
company is in a worse position than it would be with no hedging. Although the hedging decision
was perfectly logical, the treasurer may in practice have a difficult time justifying it. Suppose that
the price of oil is $21.75 at the end of the hedge, so that the company loses $3 per barrel on the
futures contract. We can imagine a conversation such as the following between the treasurer and
the president.
This is terrible. We've lost $3 million in the futures market in the space of three
months. How could it happen? I want a full explanation.
TREASURER:
The purpose of the futures contracts was to hedge our exposure to the price of
oil—not to make a profit. Don't forget that we made about S3 million from the
favorable effect of the oil price increases on our business.
PRESIDENT:
What's that got to do with it? That's like saying that we do not need to worry
when our sales are down in California because they are up in New York.
TREASURER:
If the price of oil had gone down...
PRESIDENT:
I don't care what would have happened if the price of oil had gone down. The
fact is that it went up. I really do not know what you were doing playing the
futures markets like this. Our shareholders will expect us to have done
particularly well this quarter. I'm going to have to explain to them that your
actions reduced profits by $3 million. I'm afraid this is going to mean no bonus
for you this year.
TREASURER: That's unfair. I was only...
PRESIDENT:
Unfair! You are lucky not to be fired. You lost $3 million.
TREASURER:
It all depends how you look at it...
PRESIDENT:

It is easy to see why many treasurers are reluctant to hedge! Hedging reduces risk for the company.
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However, it may increase risks for the treasurer if others do not fully understand what is being
done. The only real solution to this problem involves ensuring that all senior executives within the
organization fully understand the nature of hedging before a hedging program is put in place.
Ideally, hedging strategies are set by a company's board of directors and are clearly communicated
to both the company's management and its shareholders.

4.3

BASIS RISK

The hedges in the examples considered so far have been almost too good to be true. The hedger
was able to identify the precise date in the future when an asset would be bought or sold. The
hedger was then able to use futures contracts to remove almost all the risk arising from the price of
the asset on that date. In practice, hedging is often not quite as straightforward. Some of the
reasons are as follows:
1. The asset whose price is to be hedged may not be exactly the same as the asset underlying the
futures contract.
2. The hedger may be uncertain as to the exact date when the asset will be bought or sold.
3. The hedge may require the futures contract to be closed out well before its expiration date.
These problems give rise to what is termed basis risk. This concept will now be explained.
The Basis
The basis in a hedging situation is as follows:1
Basis — Spot price of asset to be hedged - Futures price of contract used
If the asset to be hedged and the asset underlying the futures contract are the same, the basis
should be zero at the expiration of the futures contract. Prior to expiration, the basis may be
positive or negative. From the analysis in Chapter 3, when the underlying asset is a low-interestrate currency or gold or silver, the futures price is greater than the spot price. This means that the
basis is negative. For high-interest-rate currencies and many commodities, the reverse is true, and
the basis is positive.
When the spot price increases by more than the futures price, the basis increases. This is referred
to as a strengthening of the basis. When the futures price increases by more than the spot price, the
basis declines. This is referred to as a weakening of the basis. Figure 4.1 illustrates how a basis might
change over time in a situation where the basis is positive prior to expiration of the futures
contract.
To examine the nature of basis risk, we will use the following notation:
S\: Spot price at time tx
S2: Spot price at time t2
F[: Futures price at time tx
1

This is the usual definition. However, the alternative definition
Basis = Futures price — Spot price

is sometimes used, particularly when the futures contract is on a financial asset.
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Spot price

Futures price

Time

h

h

Figure 4.1

Variation of basis over time

F2 '• Futures price at time t2
b\: Basis at time tx
b2: Basis at time t2
We will assume that a hedge is put in place at time tx and closed out at time t2. As an example, we
will consider the case where the spot and futures prices at the time the hedge is initiated are $2.50
and $2.20, respectively, and that at the time the hedge is closed out they are $2.00 and $1.90,
respectively. This means that Sx =2.50, F, =2.20, S2 =2.00, and F2 = 1.90.
From the definition of the basis, we have
fc, = S, - Fx
b2 = S2- F2
and hence, in our example, bx =0.30 and b2 = 0.l0.
Consider first the situation of a hedger who knows that the asset will be sold at time t2 and takes
a short futures position at time tx. The price realized for the asset is S2 and the profit on the futures
position is F\ — F2. The effective price that is obtained for the asset with hedging is therefore

In our example, this is $2.30. The value of Fx is known at time t\. If b2 were also known at this
time, a perfect hedge would result. The hedging risk is the uncertainty associated with b2 and is
known as basis risk. Consider next a situation where a company knows it will buy the asset at time
t2 and initiates a long hedge at time tt. The price paid for the asset is S2 and the loss on the hedge
is F\ — F2. The effective price that is paid with hedging is therefore
S2 + Fx- F2 = F x + b2
This is the same expression as before and is $2.30 in the example. The value of F\ is known at time
t\, and the term b2 represents basis risk.
For investment assets such as currencies, stock indices, gold, and silver, the basis risk tends to be
much less than for consumption commodities. The reason, as shown in Chapter 3, is that arbitrage
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arguments lead to a well-defined relationship between the futures price and the spot price of an
investment asset. The basis risk for an investment asset arises mainly from uncertainty as to the
level of the risk-free interest rate in the future. In the case of a consumption commodity,
imbalances between supply and demand and the difficulties sometimes associated with storing
the commodity can lead to large variations in the convenience yield. This in turn leads to a big
increase in the basis risk.
The asset that gives rise to the hedger's exposure is sometimes different from the asset underlying
the hedge. The basis risk is then usually greater. Define S2 as the price of the asset underlying the
futures contract at time t2. As before, S2 is the price of the asset being hedged at time t2. By
hedging, a company ensures that the price that will be paid (or received) for the asset is
S2 + Fx - F2
This can be written as
F, + (S2* - F2) + (S2 - S2*)
The terms S2 — F2 and S2 — S2 represent the two components of the basis. The S2* — F2 term is the
basis that would exist if the asset being hedged were the same as the asset underlying the futures
contract. The S2 — S2 term is the basis arising from the difference between the two assets.
Note that basis risk can lead to an improvement or a worsening of a hedger's position. Consider a
short hedge. If the basis strengthens unexpectedly, the hedger's position improves; if the basis
weakens unexpectedly, the hedger's position worsens. For a long hedge, the reverse holds. If the
basis strengthens unexpectedly, the hedger's position worsens; if the basis weakens unexpectedly, the
hedger's position improves.
Choice of Contract
One key factor affecting basis risk is the choice of the futures contract to be used for hedging. This
choice has two components:
1. The choice of the asset underlying the futures contract
2. The choice of the delivery month
If the asset being hedged exactly matches an asset underlying a futures contract, the first choice is
generally fairly easy. In other circumstances, it is necessary to carry out a careful analysis to
determine which of the available futures contracts has futures prices that are most closely
correlated with the price of the asset being hedged.
The choice of the delivery month is likely to be influenced by several factors. In the examples
given earlier in this chapter, we assumed that when the expiration of the hedge corresponds to a
delivery month, the contract with that delivery month is chosen. In fact, a contract with a later
delivery month is usually chosen in these circumstances. The reason is that futures prices are in
some instances quite erratic during the delivery month. Also, a long hedger runs the risk of having
to take delivery of the physical asset if the contract is held during the delivery month. Taking
delivery can be expensive and inconvenient.
In general, basis risk increases as the time difference between the hedge expiration and the
delivery month increases. A good rule of thumb is therefore to choose a delivery month that is as
close as possible to, but later than, the expiration of the hedge. Suppose delivery months are
March, June, September, and December for a particular contract. For hedge expirations in
December, January, and February, the March contract will be chosen; for hedge expirations in
March, April, and May, the June contract will be chosen; and so on. This rule of thumb assumes
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that there is sufficient liquidity in all contracts to meet the hedger's requirements. In practice,
liquidity tends to be greatest in short maturity futures contracts. The hedger may therefore, in some
situations, be inclined to use short maturity contracts and roll them forward. This strategy is
discussed later in the chapter.
Example 4.1 It is March 1. A U.S. company expects to receive 50 million Japanese yen at the end
of July. Yen futures contracts on the Chicago Mercantile Exchange have delivery months of March,
June, September, and December. One contract is for the delivery of 12.5 million yen. The company
therefore shorts four September yen futures contracts on March 1. When the yen are received at the
end of July, the company closes out its position. We suppose that the futures price on March 1 in
cents per yen is 0.7800 and that the spot and futures prices when the contract is closed out are 0.7200
and 0.7250, respectively.
The gain on the futures contract is 0.7800 — 0.7250 = 0.0550 cents per yen. The basis is
0.7200 - 0.7250 = —0.0050 cents per yen when the contract is closed out. The effective price obtained
in cents per yen is the final spot price plus the gain on the futures:
0.7200 + 0.0550 = 0.7750
This can also be written as the initial futures price plus the final basis:
0.7800 - 0.0050 = 0.7750
The total amount received by the company for the 50 million yen is 50 x 0.00775 million dollars, or
$387,500.
Example 4.2 It is June 8 and a company knows that it will need to purchase 20,000 barrels of
crude oil at some time in October or November. Oil futures contracts are currently traded for delivery
every month on NYMEX and the contract size is 1,000 barrels. The company therefore decides to
use the December contract for hedging and takes a long position in 20 December contracts. The
futures price on June 8 is $18.00 per barrel. The company finds that it is ready to purchase the crude
oil on November 10. It therefore closes out its futures contract on that date. The spot price and
futures price on November 10 are $20.00 per barrel and $19.10 per barrel.
The gain on the futures contract is 19.10 — 18.00 = $1.10 per barrel. The basis when the contract is
closed out is 20.00 — 19.10 = S0.90 per barrel. The effective price paid (in dollars per barrel) is the final
spot price less the gain on the futures, or
2 0 . 0 0 - 1.10 = 18.90
This can also be calculated as the initial futures price plus the final basis:
18.00 + 0.90= 18.90
The total price received is 18.90 x 20,000 = $378,000.

4.4

MINIMUM VARIANCE HEDGE RATIO

The hedge ratio is the ratio of the size of the position taken in futures contracts to the size of the
exposure. Up to now we have always used a hedge ratio of 1.0. For instance, in Example 4.2, the
hedger's exposure was to 20,000 barrels of oil and futures contracts were entered into for the
delivery of exactly this amount of oil. If the objective of the hedger is to minimize risk, setting the
hedge ratio equal to 1.0 is not necessarily optimal.
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We will use the following notation:
SS:
SF:
os:
ay:
p:
h*:

Change in spot price, S, during a period of time equal to the life of the hedge
Change in futures price, F, during a period of time equal to the life of the hedge
Standard deviation of SS
Standard deviation of SF
Coefficient of correlation between SS and SF
Hedge ratio that minimizes the variance of the hedger's position

In Appendix 4A, we show that
(4.1)

h = p—

The optimal hedge ratio is the product of the coefficient of correlation between SS and SF and the
ratio of the standard deviation of SS to the standard deviation of SF. Figure 4.2 shows how the
variance of the value of the hedger's position depends on the hedge ratio chosen.
If p = 1 and aF = as, the hedge ratio, h*, is 1.0. This result is to be expected, because in this case
the futures price mirrors the spot price perfectly. If p = 1 and <rF = 2os, the hedge ratio h* is 0.5.
This result is also as expected, because in this case the futures price always changes by twice as
much as the spot price.
The optimal hedge ratio, h*, is the slope of the best fit line when SS is regressed against SF, as
indicated in Figure 4.3. This is intuitively reasonable, because we require h* to correspond to the
ratio of changes in SS to changes in SF. The hedge effectiveness can be defined as the proportion of
the variance that is eliminated by hedging. This is p , or

The parameters p, oy, and crs in equation (4.1) are usually estimated from historical data on SS and
SF. (The implicit assumption is that the future will in some sense be like the past.) A number of
equal nonoverlapping time intervals are chosen, and the values of SS and SF for each of the
| Variance of
position

Hedge ratio, h
h*

Figure 4.2 Dependence of variance of hedger's position on hedge ratio
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Figure 4.3 Regression of change in spot price against change in futures price
intervals are observed. Ideally, the length of each time interval is the same as the length of the time
interval for which the hedge is in effect. In practice, this sometimes severely limits the number of
observations that are available, and a shorter time interval is used.
Optimal Number of Contracts
Define variables as follows:
NA : Size of position being hedged (units)
QF: Size of one futures contract (units)
N* : Optimal number of futures contracts for hedging
The futures contracts used should have a face value of h*NA. The number of futures contracts
required is therefore given by
„. = h*NA

(4.2)

QF

Example 4.3 An airline expects to purchase two million gallons of jet fuel in one month and
decides to use heating oil futures for hedging. (The article by Nikkhah referenced at the end of the
chapter discusses this type of strategy.) We suppose that Table 4.2 gives, for 15 successive months,
data on the change, 8S, in the jet fuel price per gallon and the corresponding change, SF, in the
futures price for the contract on heating oil that would be used for hedging price changes during
the month. The number of observations, which we will denote by n, is 15. We will denote the ;th
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Table 4.2 Data to calculate minimum variance hedge
ratio when heating oil futures contract is used to hedge
purchase of jet fuel

i

Change in futures price
per gallon (= Xj)

Change in fuel price
per gallon (— yt)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0.021
0.035
-0.046
0.001
0.044
-0.029
-0.026
-0.029
0.048
-0.006
-0.036
-0.011
0.019
-0.027
0.029

0.029
0.020
-0.044
0.008
0.026
-0.019
-0.010
-0.007
0.043
0.011
-0.036
-0.018
0.009
-0.032
0.023

Month

observations on SF and SS by xt and yh respectively. From Table 4.2,
! > , = -0.013,
I> = 0.003,

£4=0.0138
£ ? ? = 0.0097

£ * , ? , = 0.0107
Standard formulas from statistics give the estimate of aF as

El_
n - 1

^- = 0.0313
n(n - 1)

n-\

n{n-\)

The estimate of as is
^r- = 0.0263

The estimate of p is
:

= 0.928
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From equation (4.1), the minimum variance hedge ratio, h*, is therefore

Each heating oil contract traded on NYMEX is on 42,000 gallons of heating oil. From equation
(4.2), the optimal number of contracts is
0.78 x 2,000,000
427)00
-37-14
or, rounding to the nearest whole number, 37.

4.5

STOCK INDEX FUTURES

Stock index futures can be used to hedge an equity portfolio. Define:
P: Current value of the portfolio
A: Current value of the stocks underlying one futures contract
If the portfolio mirrors the index, a hedge ratio of 1.0 is clearly appropriate, and equation (4.2)
shows that the number of futures contracts that should be shorted is
N*=j

(4.3)

Suppose, for example, that a portfolio worth SI million mirrors the S&P 500. The current value of
the index is 1,000, and each futures contract is on $250 times the index. In this case P — 1,000,000
and A = 250,000, so that four contracts should be shorted to hedge the portfolio.
When the portfolio does not exactly mirror the index, we can use the parameter beta (fi) from
the capital asset pricing model to determine the appropriate hedge ratio. Beta is the slope of the
best fit line obtained when excess return on the portfolio over the risk-free rate is regressed
against the excess return of the market over the risk-free rate. When p = 1.0, the return on the
portfolio tends to mirror the return on the market; when /3 = 2.0, the excess return on the
portfolio tends to be twice as great as the excess return on the market; when fi = 0.5, it tends to
be half as great; and so on.
Assuming that the index underlying the futures contract is a proxy for the market, it can be
shown that the appropriate hedge ratio is the beta of the portfolio. From equation (4.2) this
means that
N* =

fij

(4.4)

This formula assumes that the maturity of the futures contract is close to the maturity of the hedge
and ignores the daily settlement of the futures contract.2
A small adjustment known as tailing the hedge can be used to take account of the daily settlement when a futures
contract is used for hedging. For a discussion of this, see D. Duffle, Futures Markets, Prentice Hall, Upper Saddle
River, NJ, 1989; R. Rendleman, "A Reconciliation of Potentially Conflicting Approaches to Hedging with Futures,"
Advances in Futures and Options Research, 6 (1993), 81-92. Problem 4.20 deals with this issue.
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We illustrate that this formula gives good results with an example. Suppose that
Value of S&P 500 index = 1,000
Value of portfolio = $5,000,000
Risk-free interest rate = 10% per annum
Dividend yield on index — 4% per annum
Beta of portfolio = 1.5
We assume that a futures contract on the S&P 500 with four months to maturity is used to hedge
the value of the portfolio over the next three months. One futures contract is for delivery of $250
times the index. From equation (3.12), the current futures price should be
l,000e (010 - 004)x4/12 = 1,020.20
From equation (4.4), the number of futures contracts that should be shorted to hedge the
portfolio is
5,000,000
L5X
=3

^5W

°

Suppose the index turns out to be 900 in three months. The futures price will be
900e(0-10-°-04)xl/I2 = 904.51
The gain from the short futures position is therefore
30 x (1,020.20 - 904.51) x 250 = $867,676
The loss on the index is 10%. The index pays a dividend of 4% per annum, or 1% per three
months. When dividends are taken into account, an investor in the index would therefore earn
- 9 % in the three-month period. The risk-free interest rate is approximately 2.5% per three
months.3 Because the portfolio has a /S of 1.5,
Expected return on portfolio — Risk-free interest rate
= 1.5 x (Return on index — Risk-free interest rate)
It follows that the expected return (%) on the portfolio is
2.5 + [1.5 x (-9.0 - 2.5)] = -14.75
The expected value of the portfolio (inclusive of dividends) at the end of the three months is
therefore
$5,000,000 x (1 - 0.1475) = $4,262,500
It follows that the expected value of the hedger's position, including the gain on the hedge, is
$4,262,500 + $867,676 = $5,130,176
3

For ease of presentation, the fact that the interest rate and dividend yield are continuously compounded has been
ignored. This makes very little difference.
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Table 4.3 Performance of stock index hedge
Value of index
in three months
900.00
950.00 1,000.00 1,050.00
1,100.00
Futures price of index
in three months
904.51
954.76 1,005.01 1,055.26
1,105.51
Gain (loss) on futures
position ($000)
867,676 490,796 113,916 (262,964) (639,843)
Value of portfolio
(including dividends)
in three months (S000) 4,262,500 4,637,500 5,012,500 5,387,500 5,762,500
Total value of position
in three months ($000) 5,130,176 5,128,296 5,126,416 5,124,537

5,122,657

Table 4.3 summarizes these calculations, together with similar calculations for other values of the
index at maturity. It can be seen that the total value of the hedger's position in three months is
almost independent of the value of the index.
Table 4.3 assumes that the dividend yield on the index is predictable, the risk-free interest rate
remains constant, and the return on the index over the three-month period is perfectly correlated
with the return on the portfolio. In practice, these assumptions do not hold perfectly, and the
hedge works rather less well than is indicated by Table 4.3.
Reasons for Hedging an Equity Portfolio
Table 4.3 shows that the hedging scheme results in a value for the hedger's position close to
$5,125,000 at the end of three months. This is greater than the $5,000,000 initial value of the
position by about 2.5%. There is no surprise here. The risk-free interest rate is 10% per annum, or
about 2.5% per quarter. The hedge results in the hedger's position growing at the risk-free interest
rate.
It is natural to ask why the hedger should go to the trouble of using futures contracts. To earn
the risk-free interest rate, the hedger can simply sell the portfolio and invest the proceeds in
Treasury bills.
One answer to this question is that hedging can be justified if the hedger feels that the stocks in
the portfolio have been chosen well. In these circumstances, the hedger might be very uncertain
about the performance of the market as a whole, but confident that the stocks in the portfolio will
outperform the market (after appropriate adjustments have been made for the beta of the
portfolio). A hedge using index futures removes the risk arising from market moves and leaves
the hedger exposed only to the performance of the portfolio relative to the market. Another reason
for hedging may be that the hedger is planning to hold a portfolio for a long period of time and
requires short-term protection in an uncertain market situation. The alternative strategy of selling
the portfolio and buying it back later might involve unacceptably high transaction costs.
Changing Beta
In the example in Table 4.3, the beta of the hedger's portfolio is reduced to zero. Sometimes
futures contracts are used to change the beta of a portfolio to some value other than zero. In the
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example, to reduce the beta of the portfolio from 1.5 to 0.75, the number of contracts shorted
should be 15 rather than 30; to increase the beta of the portfolio to 2.0, a long position in 10
contracts should be taken; and so on. In general, to change the beta of the portfolio from /J to /}*,
where fi > /f, a short position in

contracts is required. When /3 < /}*, a long position in

contracts is required.
Exposure to the Price of an Individual Stock
Some exchanges do trade futures contracts on selected individual stocks, but in most cases a
position in an individual stock can only be hedged using a stock index futures contact.
Hedging an exposure to the price of an individual stock using index futures contracts is similar
to hedging a stock portfolio. The number of index futures contracts that the hedger should short
into is given by I3P/A, where fi is the beta of the stock, P is the total value of the shares owned,
and A is the current value of the stocks underlying one index futures contract. Note that
although the number of contracts entered into is calculated in the same way as it is when a
portfolio of stocks is being hedged, the performance of the hedge is considerably worse. The
hedge provides protection only against the risk arising from market movements, and this risk is a
relatively small proportion of the total risk in the price movements of individual stocks. The
hedge is appropriate when an investor feels that the stock will outperform the market but is
unsure about the performance of the market. It can also be used by an investment bank that has
underwritten a new issue of the stock and wants protection against moves in the market as a
whole.
Consider an investor who in June holds 20,000 IBM shares, each worth $100. The investor feels
that the market will be very volatile over the next month but that IBM has a good chance of
outperforming the market. The investor decides to use the August futures contract on the S&P 500
to hedge the position during the one-month period. The ft of IBM is estimated at 1.1. The current
level of the index is 900, and the current futures price for the August contract on the S&P 500 is 908.
Each contract is for delivery of $250 times the index. In this case P - 20,000 x 100 = 2,000,000 and
A = 900 x 250 = 225,000. The number of contracts that should be shorted is therefore
1 1 x '

'

= 9 78

Rounding to the nearest integer, the hedger shorts 10 contracts, closing out the position one
month later. Suppose IBM rises to $125 during the month, and the futures price of the S&P 500
rises to 1080. The investor gains 20,000 x ($125 - $100) = $500,000 on IBM while losing
10 x 250 x (1080 - 908) = $430,000 on the futures contracts.
In this example, the hedge offsets a gain on the underlying asset with a loss on the futures
contracts. The offset might seem to be counterproductive. However, it cannot be emphasized often
enough that the purpose of a hedge is to reduce risk. A hedge tends to make unfavorable outcomes
less unfavorable and favorable outcomes less favorable.
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4.6

ROLLING THE HEDGE FORWARD

Sometimes the expiration date of the hedge is later than the delivery dates of all the futures
contracts that can be used. The hedger must then roll the hedge forward by closing out one
futures contract and taking the same position in a futures contract with a later delivery date.
Hedges can be rolled forward many times. Consider a company that wishes to use a short hedge
to reduce the risk associated with the price to be received for an asset at time T. If there are
futures contracts 1, 2, 3 , . . . , n (not all necessarily in existence at the present time) with
progressively later delivery dates, the company can use the following strategy:
Time t\: Short futures contract 1.
Time t2: Close out futures contract 1.
Short futures contract 2.
Time t3: Close out futures contract 2.
Short futures contract 3.

Time tn: Close out futures contract n — 1.
Short futures contract n.
Time T: Close out futures contract n.
In this strategy there are n basis risks or sources of uncertainty. At time T there is uncertainty
about the difference between the futures price for contract n and the spot price of the asset being
hedged. In addition, on each of the n — 1 occasions when the hedge is rolled forward, there is
uncertainty about the difference between the futures price for the contract being closed out and the
futures price for the new contract being entered into. (We will refer to the latter as the rollover
basis.) In many situations the hedger has some flexibility on the exact time when a switch is made
from one contract to the next. This can be used to reduce the rollover basis risk. For example, if the
rollover basis is unattractive at the beginning of the period during which the rollover must be made,
the hedger can delay the rollover in the hope that the rollover basis will improve.
Example 4.4 In April 2002, a company realizes that it will have 100,000 barrels of oil^to sell in June
2003 and decides to hedge its risk with a hedge ratio of 1.0. The current spot price is $19. Although
crude oil futures are traded on the New York Mercantile Exchange with maturities up to six years, we
suppose that only the first six delivery months have sufficient liquidity to meet the company's needs.
The company therefore shorts 100 October 2002 contracts. In September 2002 it rolls the hedge
forward into the March 2003 contract. In February 2003 it rolls the hedge forward again into the
July 2003 contract.
One possible outcome is that the price of oil drops from $19 to $16 per barrel between April 2002
and June 2003. Suppose that the October 2002 futures contract is shorted at $18.20 per barrel and
closed out at $17.40 per barrel for a profit of $0.80 per barrel; the March 2003 contract is shorted at
$17.00 per barrel and closed out at $16.50 per barrel for a profit of $0.50 per barrel; the July 2003
contract is shorted at $16.30 per barrel and closed out at $15.90 per barrel for a profit of $0.40 per
barrel. In this case the futures contracts provide a total of $1.70 per barrel compensation for the $3
per barrel oil price decline.
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MetalIgesellschaft
Sometimes rolling the hedge forward can lead to cash flow pressures. The problem was
illustrated dramatically by the activities of a German company, Metallgesellschaft (MG), in
the early 1990s.
MG sold a huge volume of 5- to 10-year heating oil and gasoline fixed-price supply contracts to
its customers at 6 to 8 cents above market prices. It hedged its exposure with long positions in
short-dated futures contracts that were rolled over. As it turned out, the price of oil fell and there
were margin calls on the futures position. Considerable short-term cash flow pressures were placed
on MG. The members of MG who devised the hedging strategy argued that these short-term cash
outflows were offset by positive cash flows that would ultimately be realized on the long-term fixedprice contracts. However, the company's senior management and its bankers became concerned
about the huge cash drain. As a result, the company closed out all the hedge positions and agreed
with its customers that the fixed-price contracts would be abandoned. The result was a loss to MG
of $1.33 billion.4

SUMMARY
This chapter has discussed various ways in which a company can take a position in futures
contracts to offset an exposure to the price of an asset. If the exposure is such that the company
gains when the price of the asset increases and loses when the price of the asset decreases, a short
hedge is appropriate. If the exposure is the other way round (i.e., the company gains when the price
of the asset decreases and loses when the price of the asset increases), a long hedge is appropriate.
Hedging is a way of reducing risk. As such, it should be welcomed by most executives. In reality,
there are a number of theoretical and practical reasons that companies do not hedge. On a
theoretical level, we can argue that shareholders, by holding well-diversified portfolios, can
eliminate many of the risks faced by a company. They do not require the company to hedge these
risks. On a practical level, a company may find that it is increasing rather than decreasing risk by
hedging if none of its competitors does so. Also, a treasurer may fear criticism from other
executives if the company makes a gain from movements in the price of the underlying asset
and a loss on the hedge.
An important concept in hedging is basis risk. The basis is the difference between the spot price
of an asset and its futures price. Basis risk is created by a hedger's uncertainty as to what the basis
will be at maturity of the hedge. Basis risk is generally greater for consumption assets than for
investment assets.
The hedge ratio is the ratio of the size of the position taken in futures contracts to the size of the
exposure. It is not always optimal to use a hedge ratio of 1.0. If the hedger wishes to minimize the
variance of a position, a hedge ratio different from 1.0 may be appropriate. The optimal hedge
ratio is the slope of the best fit line obtained when changes in the spot price are regressed against
changes in the futures price.
Stock index futures can be used to hedge the systematic risk in an equity portfolio. The number
of futures contracts required is the beta of the portfolio multiplied by the ratio of the value of the
4

For a discussion of MG, see "MG's Trial by Essay," RISK, October 1994, pp. 228-34; M. Miller and C. Culp,
"Risk Management Lessons from Metallgesellschaft," Journal of Applied Corporate Finance, 1, no. 4 (Winter 1995),
62-76.

