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 Preface

It is sometimes hard for me to believe that the first edition of this book was only 330 pages
and 13 chapters long! The book has grown and been adapted to keep up with the fast
pace of change in derivatives markets. The seventh International edition differs from the
North Amerigan/European edition to make it more appropriate to the readership.

Like earlier editions, the book serves several markets. It is appropriate for graduate
courses in business, economics, financial mathematics, and financial engineering. It can
be used on advanced undergraduate courses when students have good quantitative
skills. Also, many practitioners who are involved in derivatives markets find the book
useful. I am delighted that half the purchasers of the book are analysts, traders, and
other derivatives professionals. '

One of the key decisions that must be made by an author who is writing in the area of
derivatives concerns the use of mathematics. If the level of mathematical sophistication
is too high, the material is likely to be inaccessible to many students and practitioners. If
it is too low, some important issues will inevitably be treated in a rather superficial way.
I have tried to be particularly careful about the way I use both mathematics and
notation in the book. Nonessential mathematical material has been either eliminated
or included in end-of-chapter appendices or in technical notes on my website. Concepts
that are likely to be new to many readers have been explained carefully, and many
- numerical examples have been included.

The book assumes that the reader has taken an introductory course in finance and an
introductory course in probability and statistics. No prior knowledge of options, futures
contracts, swaps, and so on, is assumed. It is not therefore necessary for students to take
an elective course in investments prior to taking-a course based on this book.

Options, Futures and Other Derivatives can be used for a first course in derivatives or
for a more advanced course. There are many different ways it can be used in the
classroom. Instructors teaching a first course in derivatives are likely to want to spend
most classroom time on the first half of the book. Instructors teaching a more advanced
course will find that many different combinations of chapters in the second half of the
book can be used. I find that the material in Chapter 34 works well at the end of either
an introductory or an advanced course.

What’s New?
Material has been updated and improved throughout the book. The changes in the
seventh edition include the following: '

1. The International edition contains a new chapter on derivatives markets in
developing countries (Chapter 14). This focuses particularly on China, India, and
Brazil. :

xix



XX

Preface

2. The chapter on credit derivatives (Chapter 23) has been expanded. It discusses
subprime mortgage lending in the United States, how the mortgages were secur-
itized, and the resultant credit crisis. It also provides a more complete treatment of
the valuation of CDOs, the implementation of the Gaussian copula model, and
alternatives to the Gaussian copula model.

3. Options on futures are now covered in a separate chapter from options on indices
and currencies (Chapters 15 and 16). There has also been some restructuring of
material. Chapter 15, which covers options on indices and currencies, first gives
_examples of how index and currency optlons can be used and then covers valuation
issues. This makes the chapter flow better. Chapter 16, which covers options on

futures, provides more details on how Black’s model is used as an alternative to
- Black—Scholes for valuing a wide range of European options,

4. Chapter 17, which covers Greek letters, has also been restructured. Delta, gamma,

theta, vega, etc., are first explained in the context of an option on a non-dividend-

~ paying stock. Formulas for the Greek letters for other types of options are given in a

table toward the end of the chapter. I find this approach works well when I teach the
material.

5. Chapter 4 contains a more detailed description of liquidity preference theory and
how banks manage net interest income.

6. Issues associated with tailing the hedge are covered in Chapter 3. This resolves a
minor inconsistency between formulas in the book and those used in CFA exams.

7. Many new topics are covered. For example:

(@) The VIX volatility index is explained in Chapters 13 and. 24

(b) Variance swaps, volatility swaps, and their valuation are covered in Chapter 24.

() Transactions involving credit indices are explained in detail in Chapter 23.

(d) There is more matetial on volatility smiles in Chapter 18. The appendix includes
an explanation (with a numerical example) of how the probability distribution
for an asset price at a future time can be calculated from implied volatilities.

(e) Lookback options are covered in more detail in Chapter 24, with fixed look-
backs being distinguished from floating lookbacks.

(f) Futures-style options are covered in Chapter 16.

8. One small change has been made to the notation'concernihg the symbol ¢, which
denotes a normal distribution. As is the usual practice, the second argument of ¢ is
now the variance rather than the standard deviation of the distribution.

9. New end-of-chapter problems have been added.

Software

Version 1.52 of the widely acclaimed software, DerivaGem, is included with this book.
An installation routine is provided with this version of the software. This loads files into
the correct folders, creates icons, and makes it easier for students to start using the
software. DerivaGem consists of two Excel applications: the Options Calculator and the
Applications Builder. The Options Calculator consists of easy-to-use software for
valuing a wide range of options. The Applications Builder consists of a number of
Excel functions from which users can build their own applications. It includes a number
of sample applications and enables students to explore the properties of options and
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numerical procedures more easily. It-also allows more interesting assignments to be
designed. The software is described more fully at the end of the book. Updates to the
software can be downloaded from the author’s website: -

www.rotman.utoronto.ca/~hull

: Slides

Several hundred PowerPoint slides can be downloaded from Pearson’s Instructor
Resource Center or from my own website. Instructors who adopt the text are welcome
to adapt the slides to meet their own needs.

Solutions Manual

As in the sixth edition, end-of-chapter problems are divided into two groups: “Ques-
tions and Problems” and “Assignment Questions”. Solutions to the Questions and
Problems are in Options, Futures, and Other Derivatives 7e, International Edition:
Solutions Manual (ISBN: 0135026369), which is published by Pearson and can be
purchased by students.

Instructors Manual |
Solutioiis to all questions (both “Assignment Questions” and “Questions and Prob-

- lems”) are in Options, Futures, and Other Derivatives 7e, International Edition:

Instructors Manual (ISBN: 013814589X), which is made available by Pearson to
adopting instructors. The Instructors Manual also includes notes on the teaching of
each chapter, test bank questions, some notes on course organization, and questions
and problems that are not in the book. The test bank questions are also available
from the Pearson Instructor Resource Center.

Technical Notes

Technical notes are used to elaborate on points made in the text. They are referred to in
the text and can be downloaded from my website. By not including the “Technical
Notes” in my book, I am able to streamline the presentatlon of material so that it is

" more student friendly.
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APTER -~ Introduction

In the last 30 years derivatives have becoms-increasingly. impertant in-finance. Futures
and options are now traded actively on many exchanges throughout the world. Many
different types of forward contracts, swaps, options, and other derivatives are regularly
traded by financial institutions, fund managers, and corporate treasurers in the over-
the-counter market. Derivatives are added to bond issues, used in executive compensa-
tion plans, embedded in capital investment opportunities, and so on. We have now
reached the stage where anyone who works in finance needs to understand how
derivatives work, how they are used, and how they are priced. .

A derivative can be defined as a financial instrument whose value depends on (or
derives from) the values of other, more basic, underlying variables. Very often the
variables underlying derivatives are the prices of traded assets. A stock option, for
example, is a derivative whose value is dependent on the price of a stock. However,
derivatives can be dependent on almost any variable, from the price of hogs to the
amount of snow falling at a certain ski resort.

Since the first edition of this book was published in 1988 there have been many
developments in derivatives markets. There is now active trading in credit derivatives,
electricity derivatives, weather derivatives, and insurance derivatives. Many new types
of interest rate, foreign exchange, and equity derivative products have been created.
There have been many new ideas in risk management and risk measurement. Analysts
have also become more aware of the need to analyze what are known as real options.
This edition of the book reflects all these developments.

In this opening chapter we take a first look at forward, futures, and options markets
and provide an overview of how they are used by hedgers, speculators, and arbitra-
geurs. Later chapters will give more details and elaborate on many of the points made
here.

EXCHANGE-TRADED MARKETS

A derivatives exchange is a market where individuals trade standardized contracts that
have been defined by the exchange. Derivatives exchanges have existed for a long time.
The Chicago Board of Trade (CBOT, www.cbot.com) was established in 1848 to bring

1
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farmers and merchants together. Initially its main task was to standardize the quantities
and qualities of the grains that were traded. Within a few years the first futures-type
contract was developed. It was known as a to-arrive contract. Speculators soon became
interested in the contract and found trading the contract to be an attractive alternative
to trading the grain itself. A rival futures exchange, the Chicago Mercantile Exchange
(CME, www.cme.com), was established in 1919. Now futures exchanges exist all over
the world. (See table at the end of the book.)

The Chicago Board Options Exchange (CBOE, www.cboe.com) started trading call
option contracts on 16 stocks in 1973. Options had traded prior to 1973, but the CBOE
succeeded in creating an orderly market with well-defined contracts. Put option
contracts started trading on the exchange in 1977. The CBOE now trades options on
well over 1,000 stocks and many different stock indices. Like futures, options have

~ proved to be very popular contracts. Many other exchanges throughout the world now

trade options. (See table at the end of the book.) The underlying assets include foreign
currencies and futures contracts as well as stocks and stock indices.

Electronic Markets

Traditionally derivatives exchanges have used what is known as the open outcry system.
This involves traders physically meeting on the floor of the exchange, shouting, and
using a complicated set of hand signals to indicate the trades they would like to carry
out. Exchanges are increasingly replacing the open outcry system by electronic trading.
This involves traders entering their desired trades at a keyboard and a computer being

.- used to match buyers and sellers. The open outcry system has its advocates, but, as time

passes, it is becoming less and less common.

OVER-THE-COUNTER MARKETS

Not all trading is done on exchanges. The over-the-counter market is an important
alternative to exchanges and, measured in terms of the total volume of trading, has
become much larger than the exchange-traded market. It is a telephone- and computer-
linked network of dealers. Trades are done over the phone and are usually between two
financial institutions or between a financial institution and one of its clients (typically a
corporate treasurer or fund manager). Financial institutions often act as market makers
for the more commonly traded instruments. This means that they are always prepared
to quote both a bid price (a price at which they are prepared to buy) and an offer price
(a price at which they are prepared to sell).

Telephone conversations in the over-the-counter market are usually taped. If there is
a dispute about what was agreed, the tapes are replayed to resolve the issue. Trades in
the over-the-counter market are typically much larger than trades in the exchange-
traded market. A key advantage of the over-the-counter market is that the terms of a
contract do not have to be those specified by an exchange. Market participants are free
to negotiate any mutually attractive deal. A disadvantage is that there is usually some
credit risk in an over-the-counter trade (i.., there is a small risk that the contract will
not be honored). As we shall see in the next chapter, exchanges have organized
themselves to eliminate virtually all credit risk.
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Figure 1.1 Size of over-the-counter and exchange-traded derivatives markets.
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Market Size

Both the over-the-counter and the exchange-traded market for derivatives are huge.
Although the statistics that are collected for the two markets are not exactly compar-
able, it is clear that the over-the-counter market is much larger than the exchange-
traded market. The Bank for Internationa] Settlements (www.bis.org) started collecting
statistics on the markets in 1998. Figure 1.1 compares (a) the estimated total principal
amounts underlying transactions thdt were outstanding in the over-the counter markets
between June 1998 and June 2007 and (b) the estimated total value of the assets
underlying exchange-traded contracts during the same period. Using these measures,
we see that, by June 2007, the over-the-counter market had grown to $516.4 trillion and
the exchange-traded market had grown to $96.7 trillion.

In interpreting these numbers, we should bear in mind that the principal underlying
an over-the-counter transaction is not the same as its value. An example of an over-the-
counter contract is an agreement to buy 100 million US dollars with British pounds at a
predetermined exchange rate in 1 year. The total principal amount underlying this
transaction is $100 million. However, the value of the contract might be only $1 million.
The Bank for International Settlements estimates the gross market value of all over-the-
counter contracts outstanding in June 2007 to be about $11.1 trillion.}

FORWARD CONTRACTS

A relatively simple derivative is a forward contract. It is an agreement to buy or sell an
asset at a certain future time for a certain price. It can be contrasted with a spot

! A contract that is worth $1 million to one- side and —$1 million to the other side would be counted as
having a gross market value of $1 million.
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W
Table 1.1  Spot and forward quotes for the USD/GBP exchange

rate, July 20, 2007 (GBP = British pound; USD = US. dollar quote
is number of USD per GBP). ‘

- Bid Offer
Spot 2.0558 2.0562
1-month forward - 2.0547 - 2.0552
3-month forward 20526 2.0531

6-month forward 2.0483 2.0489

- contract, which is an agreement to buy or sell an asset today. A forward contract is
traded in the over-the-counter market—usually between two financial institutions or
between a financial institution and one of its clients.

One of the parties to a forward contract assumes a long position and agrees to buy
the underlying asset on a certain specified future date for a certain specified price. The
other party assumes a short position and agrees to sell the asset on the same date for
the same price.

Forward contracts on foreign exchange are very popular. Most large banks employ
both spot and forward foreign-exchange traders. Spot traders are trading a foreign
currency for almost immediate delivery. Forward traders are trading for delivery at a
future time. Table 1.1 provides the quotes on the exchange rate between the British
pound (GBP) and the US dollar (USD) that might be made by a large international
bank on July 20, 2007. The quote is for the number of USD per GBP. The first row
indicates that the bank is prepared to-buy GBP (also known as sterling) in the spot
market (i.e., for virtually immediate delivery) at the rate of $2.0558 per GBP and sell
sterling in the spot market at $2.0562 per GBP. The second, third, and fourth rows
indicate that the bank is prepared to buy sterling in 1, 3, and 6 months at $2.0547,
$2.0526, and $2.0483 per GBP, respectively, and to sell sterling in I, 3, and 6 months at
$2.0552, $2.0531, and $2.0489 per GBP, respectively.

Forward contracts can be used to hedge foreign currency risk. Suppose that, on
July 20, 2007, the treasurer of a US corporation knows that the corporation will pay
£1'million in 6 months (i.e., on January 20, 2008) and wants to hedge against exchange
rate moves. Using the quotes in Table 1.1, the treasurer can agree to buy £1 million
6 months forward at an exchange rate of 2.0489. The corporation then has a long
forward contract on GBP. It has agreed that on January 20, 2008, it will buy £1 million
from the bank for $2.0489 million. The bank has a short forward contract on GBP. It
has agreed that on January 20, 2008, it will sell £1 million for $2.0489 million. Both
sides have made a binding commitment.

Payoffs from Forward Contracts

Consider the position of the corporation in the trade we have just described. What are
the possible outcomes? The forward contract obligates the corporation to buy £1 million
for $2,048,900. If the spot exchange rate rose to, say, 2.1000, at the end of the 6 months,
the forward contract would be worth $51,100 (= $2,100,000 — $2,048,900) to the
corporation. It would enable 1 million pounds to be purchased at an exchange rate
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Figure 1.2 Payoffs from forward contracts: (a) long position, (b) short position.
Delivery price = K; price of asset at contract maturity = Sr.
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of 2.0489 rather than 2.1000. Similarly, if the spot exchange rate fell to 1.9000 at the end
of the 6 months, the forward contract would have a negative value to the corporation of
$148,900 because it would lead to the corporation paying $148,900 more than the
market price for the sterling.

In general, the payoff from a long position in a forward contract on one unit of an
asset is

S -k

where K is the delivery price and Sy is the spot price of the asset at maturity of the
contract. This is because the holder of the contract is obligated to buy an asset warth Sy
for-K. Similarly, the payoff from a short position in a forward contract on one unit of
an asset is

K-Sr

These payoffs can be positive or negative. They are illustrated in Figure 1.2. Because it
costs nothing to enter into a forward contract, the payoff from the contract is also the
trader’s total gain or loss from the contract.

In the example just considered, K = 2.0489 and the corporatlon has a long contract.
When Sy = 2.1000, the payoff is $0.0511 per £1; when Sy = 1.9000, it is —0.1489 per £1.

Forward Prices and Spot Prices

We shall be discussing in some detail the relationship between spot and forward prices
in Chapter 5. For a quick preview of why the two are related, consider a stock that pays
no dividend and is worth $60. You can borrow or lend money for 1 year at 5%. What
should the 1-year forward price of the stock be?

The answer is $60 grossed up at 5% for 1 year, or $63. If the forward price is more
than this, say $67, you could borrow $60, buy one share of the stock, and sell it forward
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for $67. After paying off the loan, you would net a profit of $4 in 1 yea. If the forward
price is less than $63, say $58, an investor owning the stock as part of a portfolio would
sell the stock for $60 and enter into a forward contract to buy it back for $58 in 1 year.
The proceeds of investment would be invested at 5% to earn $3. The investor would end
up $5 better off than if the stock were kept in the portfolio for the year.

FUTURES CONTRACTS

Like a forward contract, a futures contract is an agreement between two parties to buy or -
sell an asset at a certain time in the future for a certain price. Unlike forward contracts,
futures contracts are normally traded on an exchange. To make trading possible, the
exchange specifies certain standardized features of the contract. As the two parties to the
contract do not necessarily know each other, the exchange also provides a mechanism
that gives the two parties a guarantee that the contract will be honored.

The largest exchanges on which futures contracts are traded are the Chicago Board of
Trade (CBOT) and the Chicago Mercantile Exchange (CME). On these and other
exchanges throughout the world, a very wide range of commodities and financial assets
form the underlying assets in the various contracts. The commodities include pork
bellies, live cattle, sugar, wool, lumber, copper, aluminum, gold, and tin. The financial
assets include stock indices, currencies, and Treasury bonds. Futures prices are regu-
larly reported in the financial press. Suppose that, on September 1, the December

futures price of gold is quoted as $680. This is the price, exclusive of commissions, at

which traders can agree to buy or sell gold for December delivery. It is determined on
the floor of the exchange in the same way as other prices (i.e., by the laws of supply and
demand). If more traders want to go long than to go short, the price goes up; if the
reverse is true, then the price goes down. '

Further details on issues such as margin requirements, daily settlement procedures,
delivery procedures, bid—offer spreads, and the role of the exchange clearinghouse are
given in Chapter 2. '

OPTIONS

Options are traded both on exchanges and in the over-the-counter market. There are
two types of option. A call option gives the holder the right to buy the underlying asset
by a certain date for a certain price. A put option gives the holder the right to sell the
underlying asset by a certain date for a certain price. The price in the contract is known
as the exercise price or strike price; the date in the contract is known as the expiration
date or maturity. American options can be exercised at any time up to the expiration -
date. European options can be exercised only on the expiration date itself.* Most of the
options that are traded on exchanges are American. In the exchange-traded equity
option market, one contract is usually an agreement to buy or sell 100 shares. European
options are generally easier to analyze than American options, and some of the

2 Note that the terms American and European do not refer to the location of the option or the exchange.
Some options trading on North American exchanges are European.
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Table 1.2 Prices of options on Intel, September 12,
2006; stock price = $19.56. (Source: CBOE)

Calls - Puts

Strike price  Oct. Jan. Apr. .Oct. Jan. Apr.
)] 2006 2007 2007 2006 2007 - 2007

1500  4.650 4950 5150 0.025 0.150 0.275
17.50 2,300 2.775 3.150 0.125 0.475 0.725
2000  0.575 1.175 1.650 0.875 1375 1.700
2250 0.075 0375 0.725 2.950 3.100 3.300
2500  0.025 0.125 0.275 5450 5450 5.450

~ properties of an American option are frequently deduced from those of its European
counterpart.

It should be-emphasized that an option gives the holder the right to do something.
The holder does not have to exercise this right. This is what distinguishes options from
forwards and futures, where the holder is obligated to buy or sell the underlying asset.

Whereas it costs nothing to enter into a forward or futures contract, there is a cost to
acquiring an option.

The largest exchange in the world for trading stock options is the Chicago Board -
Options Exchange (CBOE; www.cboe.com). Table 1.2 gives the midpoint of the bid
and offer quotes for some of the American options trading on Intel (ticker symbol:
INTC) on September 12, 2006. The quotes are taken from the CBOE website. The Intel
stock price at the time of the quotes was $19.56. The option strike prices are $15.00,
$17.50, $ 20.00, $22.50, and $25.00. The maturities are October 2006, January 2007,
and April 2007. The October options have an expiration date of October 21, 2006; the
January options have an expiration date of January 20 2007; the April options have an
expiration date of April 21, 2007.

Table 1.2 illustrates a number of properties of options. The price of a call option
decreases as the strike price increases; the price of a put option increases as the strike

price increases. Both types of options tend to become more valuable as their time'to )

maturity increases. A put with a $25-strike price should be exercised immediately. That
is why the price is the same for all maturities. These propertles of options will be
discussed further in Chapter 9.

Suppose an investor instructs a broker to buy one April call option contract on Intel
with a strike price of $20.00. The broker will relay these instructions to a trader at the
CBOE. This trader will then find another trader who wants to sell one April call contract
on Intel with a strike price of $20.00, and a price will be agreed. For the purposes of our
example, we ignore the bid-offer spread and assume that the price is $1.65, as indicated
in Table 1.2. This is the price for an option to buy one share. In the United States, an
option contract is a contract to buy or sell 100 shares. Therefore the investor must
arrange for $165 to be remitted to the exchange through the broker. The exchange will
then arrange for this amount to be passed on to the party on the other side of the
transaction.

In our example the investor has obtained at a cost of $165 the right to buy 100
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Figure 1.3 Net profit per share from (a) plifchasing a contract consisting of 100 Intel
April call options with a strike price of $20.00 and (b) purchasing a contract consisting of
100 Intel April put options with a strike price of $17.50.
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Intel shares for $20.00 each. The party on the other side of the ‘transaction has
received $165 and has agreed to sell 100 Intel shares for $20.00 per share if the
investor chooses to exercise the option. If the price of Intel does not rise above $20.00
before April 21, 2007, the option is not exercised and the investor loses $165. But if
~ the Intel share price does well and the option is exercised when it is $30, the investor
.is able to buy 100 shares at $20.00 per share when they are worth $30 per share. This
leads to a gain of $1000, or $835 when the initial cost of the options are taken into
account.

An alternative trade for the investor would be the purchase of one April put option
.contract with a strike price -of $17.50. From Table 1.2 we see that this would cost
100 x 0.725 or $72.50. The investor would obtain the right sell 100 Intel shares for
$17.50 per share prior to April 21, 2007. If the Intel share price stays above $17.50, the
option is not exercised and the investor loses $72.50. But if the investor exercises when
the stock price is $15, the investor makes a gain of $250 by buying 100 Intel shares at
$15 and selling them for $17.50. The net proﬁt after the cost of the optlons is taken into
account is $177.50.

The stock options trading on the CBOE are American. If we assume for simplicity
that they are European, so that they can be exercised only at maturity, the investor’s
profit as a function of the final stock price for the two trades we have considered is
shown in Figure 1.3. '

Further details about the operation of options markets and how prices such as those
in Table 1.2 are determined by traders are given in later chapters. At this stage we note
that there are four types of participants in options markets:

1. Buyers of calls
2. Sellers of calls
3. Buyers of puts
4. Sellers of puts

Buyers are referred to as having long positions; sellers are referred to as having short
positions. Selling an option is also known as writing the option.
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Business Snapshot 1.1 Hedge Funds

Hedge funds have become major users of derivatives for hedging, speculation, and
arbitrage. A hedge fund is similar to a mutual fund in that it invests funds on behalf |
of clients.. However, unlike mutual funds, hedge funds are not required to register
under US federal securities law. This is because they accept funds only from
financially sophisticated individuals and do not publicly offer their securities. Mutual |
funds are subject to regulations requiring that shares in the funds be fairly priced,
that the shares be redeemable at any time, that investment policies be disclosed; that
the use of leverage be limited, that no short positions are taken, and so on. Hedge
funds are relatively free of these regulations. This gives them a great deal of freedom
| to develop sophisticated, unconventional, and proprietary investment strategies. The
fees charged by hedge fund managers are dependent on the fund’s performance and
are rela‘uvely high—typically 1% to 2% of the amount invested plus 20% of the
profits. Hedge funds have grown in popularity with over $1 trillion being invested
throughout the world for clients. “Funds of funds” have been set up to invest in a
portfolio of hedge funds.
The investment strategy followed by a hedge fund manager often involves using
derivatives to set up a speculative or arbitrage position. Once the strategy has been
defined, the hedge fund manager must:

L. Evaluate the risks to which the fund is exposed

2, Dec1de wh1ch risks are acceptable and which will be. hedged

3. Devise strategies (usually 1nvolv1ng derlvatlves) to hedge the unacceptable
risks

| Here are some examples of the labels- used for hedge funds together with the trading
strategies followed:

| Convertible arbztrage: Take 2 long position in a convertible bond.combined with an
actively managed short position in the underlying equity.
Distressed securities: Buy securities issued by companies in or close to bankruptcy.

' 'Emergzng markets: Invest in debt and equity of companies in developing or emerging
countries and in the debt of the countries themselves.

Macro or global: Use leverage and derivatives to speculate on. interest rate and
foreign exchange rate moves.

Marke_t.neutm_l  Purchase securities considered to be undervalued and short securities
considered to be overvalued in such a way that the exposure to the overall direction
of the market is zero.

1.6 TYPES OF TRADERS

Derivatives markets have been outstandingly successful. The main reason is that they
have attracted many different types of traders and have a great deal of liquidity. When
an investor wants to take one side-of a contract, there is usually no problem in finding
someone that is prepared to take the other side.
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Three broad categories of traders can be identified: hedgers, speculators, and arbi-
trageurs. Hedgers use derivatives to reduce the risk that they face from potential future
movements in a market variable. Speculators use them to bet on the future direction of
a market variable. Arbitrageurs take offsetting positions in two or more instruments to

-, lock in a profit. As described in Business Snapshot 1.1, hedge funds have become big

users of derivatives for all three purposes. :
In the next few sections, we w111 consider the activities of each type of trader in

‘more detail.

HEDGERS

In this section we illustrate how hedgers can reduce the1r risks with forward contracts
and options.

Hedging Using Forward Con_tracts

Suppose that it is July 20, 2007, and ImportCo, a company based in the United States,
knows that it will have to pay £10 million on October 20, 2007, for goods it has
purchased from a British supplier. The USD-GBP exchange rate quotes made by a
financial institution are shown in Table 1.1. ImportCo could hedge its foreign exchange
risk by buying pounds (GBP) from the financial institution in the 3-month forward
market at 2.0531. This would have the effect of fixing the pnce to be paid to the British
exporter at $20,531,000.

Consider next another US company, which we will refer to as ExportCo, that is
exporting goods to the United Kingdom and, on July 20, 2007, knows that it will receive
£30 million 3 months later. ExportCo can hedge its foreign exchange risk by selling
£30 million in the 3-month forward market at an exchange rate of 2.0526. This would
have the effect of locking in the US dollars to be realized for the sterling at $61,578,000.

Note that a company might do better if it chooses not to hedge than if it chooses to
hedge. Alternatively, it might do worse. Consider ImportCo. If the exchange rate is
1.9000 on October 20 and the company has not hedged, the £10 million that it has to pay
will cost $19,000,000, which is less than $20,531,000. On the other hand, if the exchange
rate is 2.1000, the £10 million will cost $21,000,000—and the company will wish that it
had hedged! The position of ExportCo if it does not hedge is the reverse. If the exchange
rate in October proves to be less than 2.0526, the company will wish that it had hedged,; if

~ the rate is greater than 2.0526, it will be pleased that it has not done so.

This example illustrates a key aspect of hedging. The purpose of hedging is to reduce
risk. There is no guarantee that the outcome with hedging will be better than the
outcome without hedging.

Hedging Using Options

Options can also be used for hedging. Consider an investor who in May of a particular
year owns 1,000 Microsoft shares. The share price is $28 per share. The investor is
concerned about a possible share price decline in the next 2 months and wants
protection. The investor could buy ten July put option contracts on Microsoft on the
Chicago Board Options Exchange with a strike price of $27.50. This would give the
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Figu;e' 1.4 Value of Microsoft holding in 2 months with and without hedging.
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investor the right to sell a total of 1,000 shares for a price of $27.50. If the quoted
- option price is $1, then each option contract would cost 100 x $1 = $100 and the total
cost of the hedging strategy would be 10 x $100 = §1,000.
The strategy costs $1,000 but guarantees that the shares can be sold for at least $27.50
_per share during the life of the option. If the market price of Microsoft falls below $27.50,
* the options will be exercised, so that $27,500 is realized for the entire holding. When the
cost of the options is taken into account, the amount realized is $26,500. If the market
price stays above $27.50, the options are not exercised and expire worthless. However, in
this case the value of the holding is always above $27,500 (or above $26,500 when the cost
of the options is taken into account). Figure 1.4 shows the net value of the portfolio (after
taking the cost of the options into account) as a function of Microsoft’s stock price in
2 months. The dotted line shows the value of the portfolio assuming no hedging.

A Comparison

There is a fundamental difference between the use of forward contracts and options
for hedging. Forward contracts are designed to neutralize risk by fixing the price that
the hedger will pay or receive for the underlying asset. Option contracts, by contrast,
provide insurance. They offer a way for investors to protect themselves against adverse
price movements in the future while still allowing them to benefit from favorable price
movements. Unlike forwards, options involve the payment of an up-front fee.

1.8 SPECULATORS

We now move on to consider how futures and options markets can be used by
speculators. Whereas hedgers want to avoid exposure to adverse movements in the price
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- of an asset, speculators wish to take a position in the market. Either they are betting that

the price of the asset will go up or they are betting that it will go down.

Speculation Using Futures |

Consider a US speculator who in 'F”et;ruary thinks that the British pound will strengthen

" relative to the US dollar over the next 2 months and is prepared to back that hunch to

the tune of £250,000. One thing the speculator can do is purchase £250,000 in the spot
market in the hope that the sterling can be sold later at a higher price. (The stetling once
purchased would be kept in an interest-bearing account.) Another possibility is to take
a long position in four CME April futures contracts on sterling. (Each futures contract
is for the purchase of £62,500.) Table 1.3 summarizes the two alternatives on the
assumption that the current exchange rate is 2.0470 dollars per pound and the April
futures price is 2.0410 dollars per pound. If the exchange rate turns out to be 2.1000
dollars per pound in April, the futures contract alternative enables the speculator to
realize a profit of (2.1000 — 2.0410) x 250,000 = $14,750. The spot market alternative
leads to 250,000 units of an asset being purchased for $2.0470 in February and sold for

- $2.1000 in April, so that a profit of (2.1000 — 2.0470) x 250,000 = $13,250 is made. If

the exchange rate falls to 2.0000 dollars per pound, the futures contract gives rise to a
(2.0410 - 2.0000) x 250,000 = $10,250 loss, whereas the spot market alternative gives
rise to a loss of (2.0470 — 2.0000) x 250,000 = $11,750. The alternatives appear to give
rise to slightly different profits and losses. But these calculations do not reflect the
interest that is earned or paid. As shown in Chapter 5, when the interest earned in
sterling and the interest foregone on the dollars used to buy the sterling are taken into
account, the profit or loss from the two alternatives is the same.

What then is the difference between the two alternatives? The first alternative of
buying sterling requires an up-front investment of $511,750 (= 250,000 x 2.0470).
In contrast, the second alternative requires only a small- amount of cash to be
deposited by the speculator in what is termed a “margin account”. The operation
of margin accounts-is explained in Chapter 2. In Table 1.3, the initial margin
requirement is assumed to be $5,000 per contract, or $20,000 in total, but in practice
it might be even less than this. The futures market allows the speculator to obtain
leverage. With a relatively small initial outlay, the investor is able to take a large
speculative position.

Table 1.3 Speculation using spot and futures contracts. One futures contract
is on £62,500. Initial margin on four futures contracts = $20,000.

Possible trades

Buy £250,000 Buy 4 futures contracts
Spot price = 2.0470  Futures price = 2.0410

Investment $511,750 $20,000 .
Profit if April spot = 2.1000 ~ $13,250 $14,750
Profit if April spot = 2.0000

-$11,750 -$10,250
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Options can also be used for speculation. Suppose that it is October and a speculator
considers that a stock.is likely to increase in value over the next 2 months. The stock
price is currently $20, and a 2-month call option with a $22.50 strike price is currently
selling for $1. Table 1.4 illustrates two possible alternatives, assuming that the spec-
ulator is willing to invest $2,000. One alternative is to purchase 100 shares; the other
involves the purchase of 2,000 call options (i.c., 20 call option contracts). Suppose that

the speculator’s hunch is correct and the price of the stock rises to $27 by December.
The first alternative of buying the stock yields a profit of

100 x ($27 ~ $20) = $700

HoWevef, thé.second alternative is far miore proﬁtable. A call option on the stock with'a’
strike price of $22.50 gives a payoff of $4.50, because it enables something worth $27 to
be bought for $22.50. The total payoff from the 2,000 options that are purchased under

the second alternative is
2,000 x $4.50 = $9,000

Subtracting the original cost of the options yields a net profit of
$9,000 — $2,000 = $7,000

‘The options strategy is, therefore, 10 times more proﬁtablé than directly buying the stock.
Options also give rise to a greater potential loss. Suppose the stock price falls to $15
by December. The first alternative of buying stock yields a loss of

100 x ($20 — $15) = $500

- Because the call options expire without being exercised, the options strategy would lead
to a loss of $2,000—the original amount paid for the options. Figure 1.5 shows the profit
or loss from the two strategies as a function of the stock price in 2 months.

Options like futures provide a form of leverage. For a given investment, the use of
options magnifies the financial consequences. Good outcomes become very good, while
bad outcomes result in the whole initial investment being lost.

A Comparison

Futures and options are similar instruments for speculators in that they both provide a
way in which a type of leverage can be -obtained. However, there is an important

Table 1.4 Comparison of profits (losses) from two alternative
strategies for using $2,000 to speculate on a stock worth $20 in

October.

December stock price
Investor’s straiegy 815 $27
Buy 100 shares (§500) $700

Buy 2,000 call options - (82,000) $7,000




14

1.9

- CHAPTER 1
Figure 1.5 Profit or loss from two alternative strategies for speculating on a stock
currently worth $20.
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difference between the two. When a speculator uses futures, the potential loss as well as
the potential gain is very large. When options are used, no matter how bad things get,
the speculator’s loss is limited to the amount paid for the options.

ARBITRAGEURS

Arbitrageurs are a third important group of participants in futures, forward, and
options markets. Arbitrage involves locking in a riskless profit by simultaneously
entering into transactions in two or more markets. In later chapters we will see how
arbitrage is sometimes possible when the futures price of an asset gets out of line with
its spot price. We will also examine how arbitrage can be used in options markets. This
section illustrates the concept of arbitrage with a very simple example.

Let us consider a stock that is traded on both the New York Stock Exchange
(www.nyse.com) and the London Stock Exchange (www.stockex.co.uk). Suppose
that the stock price is $200 in New York and £100 in London at a time when the
exchange rate is $2.0300 per pound. An arbitrageur could simultaneously buy
100 shares of the stock in New York and sell them in London to obtain a risk-free
profit of ’

100  [($2.03 x 100) — $200]

or $300 in the absence of transactions costs. Transactions costs would probably
eliminate the profit for a small investor. However, a large investment bank faces very
low transactions costs in both the stock market and the foreign exchange market. It
would find the arbitrage opportunity very attractive and would try to take as much
advantage of it as possible.
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| mandate to-look for arbitrage opportunities between the Nikkei 225 futures prices on

Business Snépshot 1.2 The Barings B‘ank Disaster

Derivatives are very versatile instruments. They can be used for hedging, speculation,
and arbitrage. One of the risks faced by a company that trades derivatives is that an |-
employee who has a mandate to hedge or to look for arbitrage- oppo;tunltles may
‘become a speculator.

Nick Leeson,.an employee of Barinigs Bank in the Smgapore office in 1995, had a

the Singapore exchange and those on the Osaka exchange. Over time Leeson moved
from being an arbitrageur to being a speculator without anyone .in the Barings
London head office fully understanding that he had changed the way he was using
derivatives. He began to-incur losses, which he was able to hide. He then began to
take bigger speculative positions in- an -attempt to recover the losses but only
succeeded in making the losses worse.

By the time Leeson’s activities were uncovered, the total loss was close to 1 billion
dollars. As a result, Barings—a bank that had been in existence for 200 years—was
wiped: out. One of the lessons from Barings is that it is important to define
unambiguous risk limits for traders and then monitor carefu]ly what they do to
make sure that these limits. are adhered to. :

Arbitrage opportunities such as the one just described cannot last for long. As
arbitrageurs buy the stock in New York, the forces of supply and demand will cause
the dollar price to rise. Similarly, as they sell the stock in London, the sterling price will
be driven down. Very quickly the two prices will become equivalent at the current
exchange rate. Indeed, the existence of profit-hungry arbitrageurs makes it unlikely that
a major disparity between the sterling price and the dollar price could ever exist in the
first place. Generalizing from this example, we can say that the very existence of
arbitrageurs means that in practice only very small arbitrage opportunities are observed
in the prices that are quoted in most financial markets. In this book most of the
arguments concerning futures prices, forward prices, and the values of option contracts
will be based on the assumption that no arbitrage opportunities exist. -

DANGERS

Derivatives are very versatile instruments. As we have seen, they can be used for
hedging, for speculation, and for arbitrage. It is this very versatility that can cause
problems. Sometimes traders who have a mandate to hedge risks or follow an
arbitrage strategy become (consciously or unconsciously) speculators. The results
can be disastrous. One example of this is provided by the activities of Nick Leeson
at Barings Bank (se¢ Business Snapshot 12)3

To avoid the sort of problems Barings encountered, it is very important for both
financial and nonfinancial corporations to set up controls to ensure that derivatives are
being used for their intended purpose. Risk limits should be set and the activities of
traders should be monitored daily to ensure that these risk limits are adhered to.

¥ The movie Rogue Trader provides a good dramatization of the failure of Barings Bank.
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One of the exciting developments in finance over the last 30 years has been the growth
of derivatives markets. In many situations, both hedgers and speculators find it more
attractive to trade a derivative on an asset than to trade the asset itself. Some derjvatives

- are traded on exchanges; others are traded by financial institutions, fund managers, and
corporations in the over-the-counter market, or added to new issues of debt and equity
securities. Much of this book is concerned with the valuation of derivatives. The aim is
to present a unifying framework within which all derivatives—not just options or
futures—can be valued. :

In this chapter we have taken a first look at forward futures, and options contracts.
A forward or futures contract involves an obligation to buy or sell an asset at a certain
time in the future for a certain price. There are two types of options: calls and puts.
A call option gives the holder the right to buy an assét by a certain date for a certain
price. A put option gives the holder the right to sell an asset by a certain date for a
certain price. Forwards, futures, and options trade on a wide range of different under-
lying assets.

Derivatives have been very successful innovations in capital markets. Three main
types of traders can be identified: hedgers, speculators, and arbitrageurs. Hedgers are in
the position where they face risk associated with the price of an asset. They use
derivatives to reduce or eliminate this risk. Speculators wish to bet on future movements
in the price of an asset. They use derivatives to get extra leverage. Arbitrageurs are in
business to take advantage of a discrepancy between prices in two different markets. If,
for example, they see the futures price of an asset getting out of line with the cash price,
they will take offsetting positions in the two markets to lock in a profit.
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Questions and Problems (Answers in Solutions Manual)

1.1. What is the difference between a long forward position and a short forward position?
1.2. Explain carefully the difference between hedging, speculation, and arbitrage.

1.3. What is the difference between entering into a long forward contract when the forward
price is $50 and taking a long position in a call option with a strike price of $50?

1.4. Explain carefully the difference between selling a call option and buying a put option.
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1.6.

An investor entefs into a short forward contract to sell 100,000 British pounds for US
dollars at an exchange rate of 1.9000 US dollars per pound. How much does the
investor gain or lose if the exchange rate at the end of the contract is (a) 1.8900 and
(b) 1.9200? :

A trader enters into a short cotton futures contract when the futures price is 50 cents per
pound. The contract is for the delivery of 50,000 pounds. How much does the trader

* gain or lose if the cotton price at the end of the contract is (a) 48.20 cents per pound

1.7.
1.8.
- market? What are the bid and offer quotes of a market maker in the over-the-counter

1.9.

1.10.

111

1.12.
1.13.

1.14.

1.15.

1.16.
1.17.

1.18.

and (b) 51.30 cents per pound?

Suppose that you write a put contract with 2 stnke price of $40 and an expiration date
in 3 months. The current stock price is $41 and the contract is on 100 shares. What have
you committed yourself to? How much could you gain or lose?

What is the difference between the over-the-counter market and the exchange-traded

market?

You would like to speculate on a rise in the price of a certain stock. The current stock
price is $29 and a 3-month call with a strike price of $30 costs $2.90. You have $5,800 to
invest. Identify two alternative investment strategies, one in the stock and the other in
an option on the stock. What are the potential gains and losses from each?

Suppose that you own 5,000 shares worth $25 each. How can put options be used to
provide you with insurance against a decline in the value of your holding over the next
4 months?

When first issued, a stock provides funds for a company. Is the same true of a stock
option? Discuss.

Explain why a forward contract can be used for either speculation or hedging,

Suppose that a March call option to buy a share for $50 costs $2.50 and is held until
March. Under what circumstances will the holder of the option make a profit? Under
what circumstances will the option be exercised? Draw a diagram illustrating how the
profit from a long position in the option depends on the stock price at maturity of the
option. |

Suppose that a June put option to sell a share for 360 costs $4 and is held until June.
Under what circumstances will the seller of the option (ie., the party with the short
position) make a profit? Under what circumstances will the option be exercised? Draw a

-diagram illustrating how the profit from a short position in the option depends on the

stock price at maturity of the option.

It is May and a trader writes a September call option with a strike price of $20. The stock
price is $18 and the option price is $2. Describe the trader’s cash-flows if the option is held
until September and the stock price is $25 at that time.

A trader writes a December put option with a strike price of $30. The price of the option
is $4. Under what circumstances does the trader make a gain?

A company knows that it is due to receive a certain amount of a foreign currericy in
4 months. What type of option contract is appropriate for hedging?

A United States company expects to have to pay 1 million Canadian dollars in 6 months.
Explain how the exchange rate risk can be hedged using (a) a forward contract and (b) an
option.
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1.19. A trader enters into a short forward contract on 100 million yen. The forward exchange
rate is $0.0080 per yen. How much does the trader gain or lose if the exchange rate at the
end of the contract is (a) $0.0074 per yen and (b) $0.0091 per yen?

1.20. The Chicago Board of Trade offers a futures contract on long- -term Treasury bonds.
- -Characterize the traders likely to use this contract.

1.21. “Options and futures are zero-sum games.” What do you think is meant by this
. statement? -

1.22. Describe the profit from the following portfolio: a long forward contract on an asset and

' a long European put option on the asset with the same maturity as the forward contract
and a strike price that is equal to the forward price of the asset at the time the portfolio is
set up. :

1.23. In the 1980s, Bankers Trust developed index currency optlon notes (ICONSs). These are
bonds in which the amount received by the holder at maturity varies with a foreign
exchange rate. One example was its trade with the Long Term Credit Bank of Japan. The
ICON specified that if the yen—US dollar exchange rate, Sr, is greater than 169 yen per
dollar at maturity (in 1995), the holder of the bond receives $1,000. If it is less than 169 yen
per dollar, the amount received by the holder of the bond is

1,000 — max[O 1 000(1—6—2 - 1)]
St

- When the exchange rate is below 84.5, nothing is received by the holder at matunty Show
that this ICON is a combination of a regular bond and two options.

1.24. On July 1, 2008, a company enters into a forward contract to buy 10 million Japanese _yén
on January 1, 2009. On September 1, 2008, it enters into a forward contract to sell
10 million Japanese yen on January 1, 2009. Describe the payoﬁ from this strategy.

1.25. Suppose that USD/sterllng spot and forward exchange rates are as follows:

Spot - 2.0080
90-day forward 2.0056
180-day forward 2.0018

What opportunities are open to an arbitrageur in the following situations?
(a) A 180-day European call option to buy £1 for $1.97 costs 2 cents.
(b) A 90-day European put option to sell £1 for $2.04 costs 2 cents.

Assignment Questions

1.26. The price of gold is currently $600 per ounce. The forward price for delivery in 1 year is
$800. An arbitrageur can borrow money at 10% per annum. What should the arbitrageur
do? Assume that the cost of storing gold is zero and that gold provides no income.

1.27. The current price of a stock is $94, and 3-month European call options with a strike price
of $95 currently sell for $4.70. An investor who feels that the price of the stock will
increase is trying to decide between buying 100 shares and buying 2,000 call options
(= 20 contracts). Both strategies involve an investment of $9,400. What advice would you
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1.28.

1.29.

1.30.

131

give? How high does the stock price have to rise for the optlon strategy to be more
profitable? _

On September 12, 2006 an investor owns 100 Intel shares. As indicated in Table 1.2, the
share price is $19.56 and a January put option with a strike price of $17.50 costs $0.475.
The investor is comparing two alternatives to limit downside risk. The first is to buy 1
January put option contract with a strike price of $17.50, The second involves instructing
a broker to sell the 100 shares -as soon as Intel’s price reaches $17.50. Discuss the
advantages and disadvantages of the two strategies.

A bond issued by Standard Oil some time ago worked as follows. The holder received no
interest. At the bond’s maturity the company promised to pay $1,000 plus an additional
amount based on the price of oil at that time. The additional amount was equal to the
product of 170 and the excess (if any) of the price of a barrel of oil at maturity over $25.
The maximum additional amount paid was $2,550 (which corresponds to a price of $40
per barrel). Show that the bond is a combination of a regular bond, a long position in call
options on oil with a strike price-of $25, and a short position in call options on oil with a
strike price of $40. '

Suppose that in the situation of Table 1.1 a corporate treasurer said: “I will have
£1 million to sell in 6 months. If the exchange rate is less than 2.02, I want you to give
me 2.02. If it is greater than 2.09, I will accept 2.09. If the exchange rate is between 2.02
and 2.09, I will sell the sterling for the exchange rate How could you use options to

satisfy the treasurer?

Describe how foreign currency options can be used for hedging in the situation con31dered
in Section 1.7 so that (a) ImportCo is guaranteed that its exchange rate will be less than
2.0700, and (b) ExportCo is guaranteed that its exchange rate will be at least 2.0400. Use

- DerivaGem to calculate the cost of setting up the hedge in each case assuming that the
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exchange rate volatility is 12%, interest rates in the United States are 5%, and interest
rates in Britain are 5.7%. Assume that the current exchange rate is the average of the bid
and offer in Table 1.1.

A trader buys a European call option and sells a European put option. The options have

- the same underlying asset, strike price, and maturity. Describe the trader’s position.

Under what circumstances does the price of the call equal the price of the put?
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‘Mechanics of
Futures Markets

In Chapter 1 we explained that both futures and forward contracts are agreements to
buy or sell an asset at a future time for a certain price. Futures contracts are traded on
an organized exchange, and the contract terms are standardized by that exchange. By
contrast, forward contracts are private agreements between two financial 1nst1tut10ns or
between a financial institution and one of its clients.

This chapter covers the details of how futures markets work. We examine issues such
as the specification of contracts, the operation of margin accounts, the organization of
exchanges, the regulation of markets, the way in which quotes are made, and the
treatment of futures transactions for accounting and tax purposes. We compare futures
contracts with forward contracts and explain the difference between the payoffs realized
from them.

BACKGROUND

As we saw in Chapter 1, futures contracts are now traded actively all over the world. The
Chicago Board of Trade (CBOT, www.cbot.com) and the Chicago Mercantile Exchange
(CME, www.cme.com) are the two largest futures exchanges in the United States. (They
finalized an agreement to merge in July 2007.) The two largest exchanges in Europe are
Euronext (www.euronext.com), which reached an agreement to merge with the New
York Stock Exchange (www.nyse.com) in 2006, and Eurex (www.eurexchange.com),
which is co-owned by Deutsche Borse and the Swiss Exchange. Other large exchanges
include Bolsa de Mercadorias & Futuros (www.bmf.com.br) in Sdo Paulo, the Tokyo
International Financial Futures Exchange (www.tiffe.or.jp), the Singapore Interna-
tional Monetary Exchange (www.sgx.com), and the Sydney Futures Exchange
(www.sfe.com.au). A table at the end of this book provides a more complete list.

We examine how a futures contract comes into existence by considering the corn
futures contract traded on the Chicago Board of Trade (CBOT). On March 5 a trader in
New York might call a broker with instructions to buy 5,000 bushels of corn for
delivery in July of the same year. The broker would immediately issue instructions to a
trader to buy (i.e., take a long position in) one July corn contract. (Each corn contract
on CBOT is for the delivery of exactly 5,000 bushels.) At about the same time, another
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 Business Snapshot 2. 1 The Unantlcrpated Dehvery of a Futures- Contract

This story (which may: well be apocryphal) was told to the author of th1s book by a
senior executive of a financial institution. It concerns anew employee of the financial
institution who had not previously worked i the financial sector. One of the clients
of the financial institution regularly exitered into a long futures contract on live cattle |
for hedging purposes and issued instructions to close out the position on’ the'last day

| of trading. (Live cattle futures-coritracts trade on the Chlcago Mercantile Exchange'
and each. contract is on 40,000 pounds of cattle.) The new employee was grven
responsibility for handling: the account. - T '

When the time came to close out 2 contract the employee noted that the clrent was-'
long one. contract and instructed a- tradet. at the exchange to- buy (not sell) one
contract. The tesult of this mistake was that the financial institution ended up with-a"
long position in two live cattle futires contracts By the time the mrstake was spotted
trading in the contract had ceased. - S ,

“The financial institution (not - the client) was respons1ble for the mrstake Asal
' result; it started to look into the details of the delivery arrangements for live catfle
futures contracts—something -it had never- done before. Under the terms of the
| contract, cattle could be delivered by the party with. the short position to a number.
of different locations in the Unrted States during the delivery month, Because it was'
long, the financial 1nst1tut1on could do nothing but wait for a party with -a short
position to issue a notice of intention to-deliver to the exchange and for the exchange
to assign that notice to the financial institution. »

It eventually received a notice from the exchange and found that it would receive 11ve :
cattle at a location 2,000 miles away the following Tuesday. The new employee was sent
to the location to handle things. It turned out that the location had a cattle auction
every Tuesday. The party with the short position that was making dehvery bought'
cattle at the auction and then immediately delivered them. Unfortunately the cattle
could not be resold until the next cattle duction the followmg Tuesday. The employee |-
was therefore faced with the problem of making arrangements for the cattle to be
housed and fed for a week. This was a great start to a first job in the financial sector!

trader in Kansas might instruct a broker to sell 5,000 bushels of corn for July delivery.
This broker would then issue instructions to sell (i.e., take a short position in) one corn
contract. A price would be determined and the deal would be done. Under the
traditional open outcry system, floor traders representing each party would physically
meet to determine the price. With electronic trading, a computer would match trades
and monitor prices.

The trader in New York who agreed to buy has a long futures position in one
contract; the trader in Kansas who agreed to sell has a short futures position in one
contract. The price agreed to is the current futures price for July corn, say 300 cents
per bushel. This price, like any other price, is determined by the laws of supply and
demand. If, at a particular time, more traders wish to sell rather than buy July corn,
the price will go down. New buyers then enter the market so that a balance between
buyers and sellers is maintained. If more traders wish to buy rather than sell July
corn, the price goes up. New sellers then enter the market and a balance between
buyers and sellers is maintained.
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Closing Out Positions .

The vast majority of futures contracts do not lead to delivery. The reason is that most
traders choose to close out their positions prior to the delivery period specified in. the

contract. Closing out a position means entering into the opposite trade to the original

one. For example, the New York investor who bought a July corn futures contract on
March 5 can close out the position by selling (i.e., shorting) one July corn futures
contract on, say, April 20. The Kansas investor who sold (i.e., shorted) a July contract

- on March 5 can close out the position by buying one July contract on, say, May 25. In

each case, the investor’s total gain or loss is determined by the change in the futures
price between March 5 and the day when the contract is closed out.

Delivery is so unusual that traders sometimes forget how the dehvery process works
(see Business Snapshot 2.1). Nevertheless we will spend part of this chapter reviewing
the delivery arrangements in futures contracts. This is because it is the possibility of
final delivery that ties the futures price to the spot price.!

SPECIFICATION OF A FUTURES CONTRACT

. When developing a new contract, the exchange must specify in some detail the exact
- nature of the agreement between the two parties. In particular, it must specify the asset,
* the contract size (exactly how much of the asset will be delivered under one contract),

where delivery will be made, and when delivery will be made.
Sometimes alternatives are specified for the grade of the asset that will be delivered or
for the delivery locations. As a general rule, it is the party with the short position (the

* party that has agreed to sell the asset) that chooses what will happen when alternatives

are specified by the exchange. When the party with the short position is ready to
deliver, it files a notice of intention to deliver with the exchange. This notice indicates
selections it has made with respect to the grade of asset that w111 be delivered and the
dehvery location.

- The Asset

When the asset is a commodity, there may be quite a variation in the quality of what is
available in the marketplace. When the asset is specified, it is therefore important that the
exchange stipulate the grade or grades of the commodity that are acceptable. The New
York Board of Trade (NYBOT) has specified the asset in its frozen concentrated orange
juice futures contract as orange solids from Florida and/or Brazil that are US Grade A
with Brix value of not less than 62.5 degrees.

For some commodities a range of grades can be delivered, but the price received
depends on the grade chosen. For example, in the Chicago Board of Trade corn futures
contract, the standard grade is “No. 2 Yellow”, but substitutions are allowed with the
price being adjusted in a way established by the exchange. No. 1 Yellow is deliverable

for 1.5 cents per bushel more than No. 2 Yellow. No. 3 Yellow i is deliverable for

1.5 cents per bushel less than No. 2 Yellow.
The ﬁnanmal assets in futures contracts are generally well defined and unambiguous.

! As mentioned in Chapter 1, the spot price is the price for almost immediate délivery.
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For example, there is no need to specify the grade of a Japanese yen. However, there are

some interesting features of the Treasury bond and Treasury note futures contracts

traded on the Chicago Board of Trade. The underlying asset in the Treasury bond

contract is any long-term US Treasury bond that has a maturity of greater than 15 years

and is not callable within 15 years. In the Treasury note futures contract, the underlying

asset is any long-term Treasury note with a maturity of no less than 6.5 years and no
more than 10 years from the date of delivery. In both cases, the exchange has a formula

for adjusting the price received according to the coupon and ‘maturity date of the bond

delivered. This is discussed in Chapter 6.

The Contract Size

The contract size specifies the amount of the asset that has to be delivered under one
contract. This is an important decision for the exchange. If the contract size is too large,
many investors who wish to hedge. relatively small exposures or who wish to take
relatively small speculative positions will be unable to use the exchange. On the other
hand, if the contract size is too small, tradmg may be expensive as there is a cost
associated with each contract traded.

The correct size for a contract clearly depends on the 11ke1y user. Whereas the value of
what is delivered under a futures contract on an agricultural product might be $10,000
to $20,000, it is much higher for some financial futures. For example, under the
Treasury bond futures contract traded on the Chicago Board of Trade, instruments
with a face value of $100,000 are delivered. - _

In some cases exchanges have introduced “mini’ contracts to attract smaller inves-
tors. For example, the CME’s Mini Nasdaq 100 contract is on 20 times the Nasdaq 100
index, whereas the regular contract is on 100 times the index. - '

Delivery Arrangements |
The place where delivery will be made must be specified by the exchange. This is
particularly important for commodities that involve significant transportation costs. In
the case of the NYBOT frozen concentrate orange juice contract, delivery is to
excharige-licensed warehouses in Florida, New Jersey, or Delaware.

When alternative delivery locations are specified, the price received by the party with

the short position is sometimes adjusted-according to the location chosen by that party.
The price tends to be higher for delivery locations that are relatively far from the main

- sources of the commodity.

Delivery Months

A futures contract is referred to by its delivery month. The exchange must specify the
precise period during the month when delivery can be made. For many futures
contracts, the delivery period is the whole month.

The delivery months vary from contract to contract and are chosen by the exchange
to meet the needs of market participants. For example, corn futures traded on the
Chicago Board of Trade have delivery months of March, May, July, September, and
December. At any given time, contracts trade for the closest delivery month and a
number of subsequent delivery months. The exchange specifies when trading in a
particular month’s contract will begin. The exchange also specifies the last day on
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which trading can take place for a given contract. Trading generally ceases a few days

before the last day on which delivery-can be made.

Price Quotes

The exchange defines how prices will be quoted. For example, crude oil prices on the
New York Mercantile Exchange are quoted in dollars and cents. Treasury bond and
Treasury note futures on the Chicago Board of Trade are quoted in dollars and thirty-
seconds of a dollar. :

Price Limits and Position Limits

For most contracts, daily price movement limits are specified by the exchange. If in a
day the price moves down from the previous day’s close by an amount equal to the
daily price limit, the contract is said to be limit down. If it moves up by the limit, it is
said to be limit up. A limit move is a move in either direction equal to the daily price
limit. Normally, trading ceases for the day once the contract is limit up or limit down.
However, in some instances the exchange has the authority to step in and change the
limits. .

The purpose of daily price limits is to prevent large price movements from
occurring because of speculative excesses. However, limits can become an artificial -

~ barrier to trading when the price of the underlying commodity is advancing or
 declining rapidly. Whether price limits are, on balance, good for futures markets is
~ controversial. '

Position limits are the-maximum number of contracts that a speculator meiy hold.
The purpose of these limits is to prevent speculators from exercising undue influence on

" the market.

CONVERGENCE OF FUTURES PRICE TO SPOT PRICE

As the delivery period for a futures contract is approached, the futures price converges
to the spot price of the underlying asset. When the delivery period is reached, the
futures price equals—or is very close to—the spot price. ‘ '

To see why this is so, we first suppose that the futures price is above the spot price
during the delivery period. Traders then have.a clear arbitrage opportunity:

1. Sell (i.e., short) a futures contract
- 2. Buy the asset

3, Make delivery

These steps are certain to lead to a profit equal to the amount by which the futures price
exceeds the spot price. As traders exploit this arbitrage opportunity, the futures price
will fall. Suppose next that the futures price is below the spot price during the delivery
period. Companies interested in acquiring the asset will find it attractive to enter into a
long futures contract and then wait for delivery to be made. As they do so, the futures
price will tend to rise. '

The result is that the futures price is very close to the spot price during the delivery
period. Figure 2.1 illustrates the convergence of the futures price to the spot price. In
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. Figure 2.1 Relationship between futures price and spot price as the delivery period is
approached: (a) Future; ptice above spot price; (b) futures price below spot price.
_ N .
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Figure 2.1(a) the futures price 1s above the spot price prior to the delivery period. In
Figure 2.1(b) the futures price is below the spot price prior to the delivery period. The
circumstances under which these two patterns are observed are discussed in Chapter 5.

DAILY SETTLEMENT AND MARGINS

If two investors get in touch with each other directly and agree to trade an asset in the
future for a certain price, there are obvious risks. One of the investors may regret the
deal and try to back out. Alternatively, the investor simply may not have the financial

- resources to honor the agreement. One of the key roles of the exchange is to organize
trading so that contract defaults are avoided. This is where margins come in.

The Operation of Margins

To illustrate how margins work, we consider an investor who contacts his or her broker
on Thursday, June 5, to buy two December gold futures contracts on the COMEX
division of the New York Mercantile Exchange (NYMEX). We suppose that the
current futures price is $600 per ounce. Because the contract size is 100 ounces, the
investor has contracted to buy a total of 200 ounces at this price. The broker will require
the investor to deposit funds in a margin account. The amount that must be deposited at
- the time the contract is entered into is known as the initial margin. We suppose this is
$2,000 per contract, or $4,000 in total. At the end of each trading day, the margin
account is adjusted to reflect the investor’s gain or loss. This practice is referred to as
marking to market the account. :
Suppose, for example, that by the end of June 5 the futures price has dropped from
$600 to $597. The investor has a loss of $600 (= 200 x $3), because the 200 ounces of
December gold, which the investor contracted to buy at $600, can now be sold for only
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-$597. The balance in the margin account would therefore be reduced by-$600 to $3,400.
‘Similarly, if the price of December gold rose to $603 by the end of the first day, the
balance in the margin account would be increased by $600 to $4,600. A trade is first
marked to market at the close of the day on which it takes place. It is then marked to
market at the close of trading on each subsequent day

Note that marking to market is not merely an arrangement between broker and
client. When there is & decrease in the futures price so that the margin account of an
investor with a long position is reduced by $600, the investor’s broker has to pay the
exchange $600 and the exchange passes the money on to the broker of an investor with
a short position. Similarly, when there is an increase in the futures price, brokers for

" parties with short positions pay money to the exchange and brokers for parties with
long positions receive money from the exchange. Later we.will examine-in more detail
the mechanism by which this happens.

The investor is entitled to withdraw any balance in the margin account in excess of the -
initial margin. To ensure that the balance in the margin account never becomes negative
a maintenance margin, which is somewhat lower than the initial margin, is set. If the
balance in the margin account falls below the maintenance margin, the investor receives -
a margin call and is expected to top up the margin account to the initial margin level the
next day. The extrafunds deposited are known as a variation margin. If the investor does
not provide the variation margin, the broker closes out the position. In the case of the
investor considered: earlier, closing out the position would involve neutralizing the
existing contract by selling 200 ounces of gold for delivery in December.

Table 2.1 illustrates the operation of the margin account for one possible sequence of
futures prices in the case.of the investor considered earlier. The maintenance margin is
assumed for the purpose of the illustration to be $1,500 per contract, or $3,000 in total.
On June 13 the balance in the margin account falls $340 below the maintenance margin -
level. This drop triggers a margin call from the broker for an additional $1,340. Table 2.1
assumes that the investor does in fact provide this margin by the close of trading on
June 16. On June 19 the balance in the margin account again falls below the maintenance
margin level, and a margin call for $1,260 is sent out. The investor provides this margin
by the close of trading on June 20. On June 26 the investor decides to close out the
position by selling two contracts. The futures price on that day is $592.30, and the
investor has a cumulative loss of $1,540. Note that the investor has excess margin on
June 16, 23, 24, and 25. Table 2.1 assumes that the excess is not withdrawn. '

Further Details

Many brokers allow an investor to earn interest on the balance in a margin account.
The balance in the account does not, therefore, represent a true cost, provided that the
interest rate is competitive with what could be earned elsewhere. To satisfy the initial
‘margin requirements (but not subsequent margin calls), an investor can sometimes
deposit securities with the broker. Treasury bills are usually accepted in lieu of cash at
about 90% of their face value. Shares are also sometimes accepted in lieu of cash—but
at about 50% of their market value.

The effect of the marking to market is that a futures contract is settled daily rather
than all at the end of its life. At the end of each day, the investor’s gain (loss) is added
to (subtracted from) the margin account, bringing the value of the contract back to
zero. A futures contract is in effect closed out and rewritten at a new price each day.
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" Table 2.1 Operation of margins for a l_ohg'position in two gold futures

contracts. The initial margin is $2,000 per contract, or $4,000 in total, and’

the maintenance margin is $1,500 per contract, or $3,000 in total. The

- contract is entered into om June 5 at $600 and closed out on June 26 at

$592.30. The numbers in the second column, except the first and the last,
represent the futures prices at the close of trading.

Futures Dazly gain- - Cumulative = Margin account Margin'

price (loss) - gain (loss) - balance call
Day = (§) ® - ® 9) 8)
600.00 - 4,000
June 5 597.00 (600) (600) 3,400.
June 6  596.10 (180) (780) - 3,220
June9  598.20 40 (360) 3,640
June 10 597.10 (220) (580) 3420
June 11 596.70 (80) (660) 3,340
June 12 59540  (260) (920 3,080
Tune 13 593.30 (420) (1,340) 2,660 1,340
June 16 593.60 60 (1,280) - 4060
June 17 591.80 (360) (1,640) 3,700
June 18 59270 180 (1,460) 3,880 =
June 19 587.00 (1,400 - (26000 . - 2,740 1,260
June 20 587.00 0 (2,600) 4,000
June 23 588.10 220 (2,380) 4,220
June 24 58870 . 120 (2,260) 4,340
June 25 591.00 - 460 (1,8000 4,800

June 26 592.30 260 (1,540) - 5,060

Minimum levels for initial and maintenance margins are set by the exchange.
Individual brokers may require greater margins from their clients than those specified
by the exchange. However, they cannot require lower margins than those specified by
the exchange. Margin levels are determined by the variability of the price of the

-underlying asset. The higher this variability, the higher the margin levels. The mainten-

ance margin is usually about 75% of the initial margin.
Margin requirements may depend on the objectives of the trader. A bona fide hedger,

-such as a company that produces the commodity on which the futures contract is

written, is often subject to lower margin requirements than a speculator. The reason is
that there is deemed to be less risk of default. Day trades and spread transactions often
give rise to lower margin requirements than do hedge transactions. In a day trade the
trader announces to the broker an intent to close out the position in the same day. In a
spread transaction the trader simultaneously buys (ie., takes a long position in) a
contract on an asset for one maturity month and sells (i.e., takes a short posmon in)
a contract on the same asset for another maturity month.

Note that margin requirements are the same on short futures positions as they are on
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long futures positions. It is just as easy to take.a short futures position as it is to take a
long one. The spot market does not have this.symmetry. Taking a long position in the
spot market involves buying the asset for immediate delivery and presents no problems.
Taking a short position involves selling an asset that you do not own. This is a more
complex transaction that may or may not be p0531ble in'a partlcular market. It is
“discussed further in Chapter 5.

The Clearinghouse a_nd Clearing Margins.

- A clearinghouse acts as an intermediary in futures transactions. It -guarantees the
- performance of the parties to each transaction. The clearinghouse has a number of
members, who must post funds with the exchange. Brokers who are not members
themselves must channel their business through a member. The main task of the
clearinghouse is to keep track of all the transactions that take place during a day, so
that it can calculate the net position of each of its members.
Just as an investor is required to maintain a margin account with a broker, the broker
is required to maintain a margin account with a clearinghouse member and the
clearinghouse member is required to maintain a margin account with the clearinghouse.
The latter is known as a clearing margin. The margin accounts for clearinghouse
members are adjusted for gains and losses at the end of each trading day in the same
way as are the margin accounts of investors. However, in the case of the clearinghouse
member, -there is an original margin, but no maintenance margin. Every day the
account balance for each contract must be maintained at an amount equal to the
original margin times the number of contracts outstanding.  Thus, depending on
transactions during the day and price movements, the clearinghouse member may have -
to add funds to its margin account at the end of the day. Alternatively, it may find it can
remove funds from the account at this time. Brokers who are not clearinghouse
‘members must maintain a margin account with a clearinghouse member. _
In determining clearing margins, the exchange clearinghouse calculates the number
of contracts outstanding on either a gross or a net basis. When the gross basis is used,
the number of contracts equals the sum of the long and short positions. When the net
basis is used, these are offset against each other. Suppose a clearinghouse member has
two clients: one with a long position in 20 contracts, the other with a short position in
15 contracts. Gross margining would calculate the clearing margin on the basis of 35
contracts; net margining would calculate the clearing margin on the basis of 5
contracts. Most exchanges currently use net margining.

Credit Risk

The whole purpose of the margining system is to eliminate the risk that a trader who
makes a profit will not be paid. Overall the system has been very successful. Traders -
entering into contracts at major exchanges have always had their contracts honored.
Futures markets were tested on October 19, 1987, when the S&P 500 index declined by
over 20% and traders with long positions in S&P 500 futures found they had negative
margin balances. Traders who did not meet margin calls were closed out but still owed
their brokers money. Some did not pay and as a result some brokers went bankrupt
because, without their clients’ money, they were unable to meet margin calls on
contracts they entered into on behalf of their clients. However, the exchanges had
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| promised the same payoffs, with X being'leSs liquid (i.e., less actively traded) than Y.

1 about the same as the collateral it received on bond Y. Snmlarly, when interest rates

| leveraged and unable to make the payments required- under the collateralization |

CHAPTER 2

‘Business Snapshot 2.2 Long-Term Capital Management’s Big Loss S

Long-Term Capital Management (CTCM), a hedge fund formed in the mid-1990s,

always collateralized its transactions. The hedge- fund’s investment. strategy was
known as convergence arbitrage. A very simple example of. what it might do is the
following. It would find two bonds, X and Y, issued by the same company -that

The market always places a value on liquidity. As a result the price of X would be less
than the price of Y. LTCM would buy X, short Y; and wait, expectmg the prlces of
the two bonds to converge at some future time..-

When interest rates increased, the company expected both bonds to move down m
price by about the same amount, so that the collateral it paid on bond X would be:

decreased, LTCM expected both bonds to' move up-in price by about the same
amount, so that the collateral it received on bond X would bé about the:same as the |
collateral it paid on bond Y- It therefore-expected that there would be no- 51gn1ﬁcant
outflow of funds as-a result of its collateralization agreements :
In August 1998, Russia defaulted. on its debt ‘and this led to what is terrned a
“flight to quality” in capital markets. One result was that investors valued liquid
instruments more highly than usual and the spreads between the prices:of the liquid
and illiquid instruments in LTCM’s portfolio increased dramatically. The prices of
the bonds LTCM had bought went down and the prices of those it ‘had shorted
increased. It was required to post collateral on both. The company was highly

agreements. The result was that positions had to be closed -out and LTCM lost’
about $4 billion. If the company had been less highly leveraged'it would probably
have been able to survive the flight to quality.and could have waited for the prices of
the liquid and 1111qu1d bonds to move closer to each other.

sufficient funds .to ensure that everyone who had a short futures position on the S&P 500

got paid off.

Collateralization in OTC Markets

Credit risk has traditionally been a feature of the over-the-counter markets. There is
always a chance that the party on the other side of an over-the-counter trade will
default. It is interesting that, in an attempt to reduce credit risk, the over-the-counter
market is now imitating the margining system adopted by exchanges with a procedure
known as collateralization.

Consider two participants in the over-the-counter market, company A and
company B, with an outstanding over-the-counter contract. They could.enter into a
collateralization agreement where they value the contract each day. If from one day to
the next the value of the contract to company A increases, company B is required to pay
company A cash equal to this increase. Similarly, if the value of the contract to
company A decreases, company A is required to pay company B cash equal to the

~ decrease. Interest is paid on outstanding cash balances.
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Collateralization significantly reduces the credit risk in over-the-counter contracts
and ‘is discussed further in Section 22.8. Collateralization agreements were used by a
hedge fund, Long-Term Capital Management (LTCM), in the .1990s. They allowed
LTCM to be highly leveraged. The contracts did provide credit risk protection, but as
described in Business Snapshot 2.2 the high leverage left the hedge fund vulnerable to
other risks.

NEWSPAPER QUOTES

~ Many newspapers carry futures prices. Table 2.2 shows the prices' for commodities as

they appeared in the Wall Street Journal of Tuesday, January 9, 2007. The prices refer
to the trading that took place on the previous day (i.e., Monday, January 8, 2007).
The prices for index futures, currency futures, and interest rate futures are given in
Chapters 3, 5, and 6, respectively. ,

The Wall Street Journal only shows quotes for contracts with relatlvely short
maturities. For most commodities, contracts trade with much longer maturities than
those shown. However trading volume tends to decrease as contract -maturity
increases.

The asset underlying the futures contract, the exchange that the contract is traded
on, the contract size, and how the price is quoted are all shown at the top of each
section in Table 2.2. The first asset is copper, traded on COMEX (a division of the
New York Mercantile Exchange). The contract size is 25,000 Ibs, and the price is

- quoted in cents per Ib. The maturity month of the contract is shown in the first
- column.

Prices

The first three numbers in each row show the opening price, the highest price achieved
in trading during the day, and the lowest price achieved in trading during the day. The
opening price is representative of the prices at which contracts were trading immedi-
ately after the opening bell. For March 2007 copper on January 8, 2007, the opening
price was 253.50 cents per pound and, during the day, the price traded between 247.00
and 258.95 cents. :

Settlement Price

The fourth number is the settlement price. This is the price used for calculating daily

~ gains and losses and margin requirements. It is usually calculated as the price at which

the contract traded immediately before the bell signaling the end of trading for the day.
The fifth number is the change in the settlement price from the previous day. For the
March 2007 copper futures contract, the settlement price was 252.80 cents on J anuary 8,
2007, down 0.70 cents from the previous trading day.

In the case of the March 2007 futures, an investor with a long position in one contract
would find his or her margin account balance reduced by $175.00 (= 25,000 x 0.70 cents)
on January 8, 2007. Similarly, an investor with a short position in.one contract would
find that the margin balance increased by $175.00 on this date.
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Table 2.2 Commodity futﬁresquotes from the Wall Stfeet' Journal, January 9,
2007. (Columns show month, open, hlgh low, settle, change, and open mterest
respect1vc1y )

From platinum to orange Julce: futures contracts

Commodity futures prices, including open interest, or the number of contracts outstanding. Nearby-month
contracts are listed ﬂ_rst. Most-active contracts are also listed, plus other notable months,

KEY TO EXCHANGES: CBT: Chicago Board of Trade; CME: Chicago Mercantile Exchange; CMX: Comex; KC: Kansas City Board of Trade;
MPLS: Minneapolis Grain Exchange; NYBOT: New York Board of Trade; NYM: New York Mercantile Exchange, or Nymex -
Metal & Petroleum Futures : Soybeans (CBT)-5,000 bu, cents per bu.

Open | jn 66450 G685 66200 650 300 5812
O High T s or e Mwh | 6275 6400 6450 MB 45 280

Coppar-Highttm-25,000 tbs. cents per Ib, Soybean Meal(CBT)-100 tons; $ per ton.
Jn 25565 25650 25200 25145 080 2577 | pn 19000 19180 160 19080 -40 26
Moch . 25350 25895 - 24700 25280 -070  4GB0% | Mah 19570 10670 15410 19830 -80 74207

GOl ccnD0-100 troy oz, § per troy oz, ' Soybean OF1{CBT):60.000 ibs.: cents per b.

— — RR——
—

sn I . 60 260 SM | gm BB BB 2% BR -2 L6%
Fb - 60930 61240 60500 MM 250 179246 | Mwch 2880 BB 2834 2 -3 W00
Al 6610 6V 6130 &M 250 %615 _

Mo @0 g G0 @B 2% Rough Rice (CBT)-2,000 owt, cents per cwt. _

Ot 63480 3500 5 MK 2. | am  wcesolmora w0 WEK M0 s
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2.6

Open Interest

The final column in Table 2.2 shows the open interest for each contract. This is the total
number of contracts outstanding. The open interest is the number of long positions or,

~ equivalently, the number of short positions. The open interest for March 2007 copper is

shown as 48,809 contracts. Note that the open interest for the January 2007 contract is
much lower because most traders who held long or short posrtlons in that contract have

 already closed out.

Sometimes the volume of tradlng in a day is greater than the open interest at the end
of the day for a contract. This is indicative of a large number of day trades.

Patterns of Futures Prices

Futures prices can show a number of different patterns. In Table 2.2, gold, crude oil, and
natural gas all have settlement prices that increase with the maturity of the contract. This
is known as a normal market. Table 2.2 shows that the settlement prices for January and
March orange juice futures were 201.90 and 195.80 cents, respectively. Other data show
that the May 2007, July 2007, September 2007, and November 2007 contracts had
settlement prices of 193.00, 190.50, 187.00, and 181.00 cents, respectively, on January 8§,
2007. The orange juice futures price was therefore a decreasing function of maturity on
January 8, 2007. This is known as an inverted market. Figure 2.2 displays the settlement
price as 4 function of maturity for gold and orange juice on January 8, 2007.

Futures prices can show a mixture of normal and inverted markets. An example is

“provided by live cattle on January 8, 2007. As shown in Table 2.2, the April futures

prices was higher than the February futures price. However, the June futures price (not -
shown) was lower than the April futures price. For later maturities, the futures price
continued decreasing, then increased, then decreased again as a function of maturity.

DELIVERY

As mentioned earlier in this chapter, very few of the futures contracts that are entered
into lead to delivery of the underlying asset. Most are closed out early. Nevertheless, it

Figure 2.2 Settlement futures price as a function of contract maturity on January 8,
~ 2007, for (a) gold and (b) orange juice
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is the possibility of eventual delivery that determines the futures price. An under-
standing of delivery procedures is therefore important. ,

The period during which delivery can be made is defined by the exchange and
varies from contract to contract. The decision on whe_n to deliver is made by the party
with the short position, whom we shall refer to as investor A, When investor A
decides to deliver, investor A’s broker issues a notice of intention to deliver to the
exchange clearinghouse. This notice states how many contracts will be delivered and,
in the case of commodities, also specifies where delivery will be made and what grade
will be delivered. The exchange then chooses a party with a long position to accept
delivery. '

Suppose that the party on the other side of investor A’s futures contract when it was
entered into was investor B. It is important to realize that there is no reason to expect
that it will be investor B who takes delivery. Investor B may well have closed out his or
her position by trading with investor C, investor C may have closed out his or her
position by trading with investor D, and so on. The usual rule chosen by the exchange
is to pass the notice of intention to deliver on to the party with the oldest outstanding

long position. Parties with long positions must accept delivery notices. However, if the =

notices are transferable, long investors have a short period of time, usually half an
hour, to find another party with a long position that is prepared to accept the notice
from them.

In the case of a commodity, taking dehvery usually means accepting a warehouse
receipt in return for immediate payment. The party taking delivery is then responsible
for all warehousing costs. In the case of livestock futures, there may be costs associated
with feeding and looking after the animals (see Business Snapshot 2.1). In the case of
financial futures, delivery is usually made by wire transfer. For all contracts, the price
paid is usually the most recent settlement price. If specified by the exchange, this price is -
adjusted for grade, location of delivery, and so on. The whole delivery procedure from
the issuance of the notice of intention to deliver to the delivery itself generally takes
about two to three days.

- There are three critical days for a contract. These are the first notice day, the last
notice day, and the last trading day. The first notice day is the first day on which a notice
of intention to make delivery can be submitted to the exchange. The last notice day is
the last such day. The last trading day is generally a few days before the last notice day.
To avoid the risk of having to take delivery, an investor with a long position should
close out his or her contracts prior to the first notice day.

Cash Settlement

Some financial futures, such as those on stock indices, are settled in cash because it is
inconvenient or impossible to deliver the underlying asset. In the case of the futures
contract on the S&P 500, for example, delivering the underlying asset would involve
delivering a portfolio of 500 stocks. When a contract is settled in cash, all outstanding
contracts are declared closed on a predetermined day. The final settlement price is set
equal to the spot price of the underlying asset at either the opening or close of trading
on that day. For example, in the S&P 500 futures contract trading on the Chicago
Mercantile Exchange, the predetermined day is the third Friday of the delivery month

‘and final settfement is at the opening price.
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2.7

TYPES OF TRADERS AND TYPES OF ORDERS

- There are two main types of traders executing trades commission brokers and locals.

Commission brokers are following the instructions of their clients and charge a commrs-

- -sion for doing so; locals are trading on their own account.

Individuals taking positions, whether locals or the clients of commission brokers can
be categorized as hedgers, speculators, or arbitrageurs, as discussed in Chapter 1.
Speculators can be classified as scalpers, day traders, or position traders. Scalpers are
watching for very short-term trends and attempt to profit from small changes in the

contract price. They usually hold their positions for only a few minutes. Day traders.

hold their positions for less than one trading day. They are unwilling to take the risk
that adverse news will occur overnight. Position traders hold their positions for much
longer periods of time. They hope to make S1gn1ﬁcant proﬁts from maJor movements in
the markets.

~ Orders

The simplest type of order placed with a broker is a market order. 1t is a request that a
trade be carried out immediately at the best price available in the market. However,
there are many other types of orders. We will consider those that are more commonly
used.

A limit order specifies a partlcular price. The order can be executed only at this price
or at one more favorable to the investor. Thus, if the limit price is $30 for an investor

wanting to buy, the order will be executed -only at a price of $30. or less. There is, of

course, no guarantee that the order will be executed at all, because the limit price may

-~ never be reached.

A stop order or stop-loss order also specifies a particular price. The order is executed
at the best available price once a bid or offer is made at that particular price or a less-
favorable price. Suppose 4 stop order to sell at $30 is issued when the market price
is $35. It becomes an order to sell when and if the price falls to $30. In effect, a stop
order becomes a market order as soon as the specified price has been hit. The purpose
of a stop order is usually to close-out a position if unfavorable price movements take
place. It limits the loss that can be incurred. _

A stop-limit order is a combination of a stop order and a limit order. The order
becomes a limit order as soon as a bid or offer is made at a price equal to or less
favorable than the stop price. Two prices must be specified in a stop-limit order: the stop-
price and the limit price. Suppose that at the time the market price is $35, a stop-limit

* order to buy is issued with a stop price of $40 and a limit price of $41. As soon as there is

a bid or offer at $40, the stop-limit becomes a limit order at $41. If the stop price and the
limit price are the same, the order is sometimes called a stop-and-limit order.

A market-if-touched (MIT) order is executed at the best available price after a trade
occurs at a specified price or at a price more favorable than the specified price. In effect,
an MIT becomes a market order once the specified price has been hit. An MIT is also
known as a board order. Consider an investor who has a long position in a futures
contract and is issuing instructions that would lead to closing out the contract. A stop

‘order is designed to place a limit on the loss that can occur in the event of unfavorable
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price movements. By contrast, a market-if-touched order is designed to ensure that
profits are taken if sufficiently favorable price movements occur.

A discretionary order or market-not-held order is traded as a market order except that
execution may be delayed at the broker’s discretion in an attempt to-get a better price.

Some orders specify time conditions. Unless otherwise stated, an order is a day order
and expires at the end of the trading day. A time-of-day order specifies a particular
period of time during the day when the order can be executed. An open order or a good-
till-canceled order is in effect until executed or until the end of trading in the particular
contract. A fill-or-kill order, as its name implies, must be executed immediately on
receipt or not at all.

REGULATION

Futures markets in the United States are currently regulated federally by the Commod-
ity Futures Trading Commission (CFTC; www.cftc.gov), which was established in
1974. This body is responsible for licensing futures exchanges and approving contracts.
All new contracts and changes to existing contracts must be approved by the CFTC. To
be approved, the contract must have some useful economic purpose. Usually th1s means
that it must serve the needs of hedgers as well as speculators.

The CFTC looks after the public interest. It is responsible for ensuring that prices are
communicated to the public and that futures traders report their outstanding positions
if they are above certain levels. The CFTC also licenses all individuals who offer their
services to the public in futures trading. The backgrounds of these individuals are
investigated, and there are minimum capital requirements. The CFTC deals with
complaints brought by the public and ensures that disciplinary action is taken against
individuals when appropriate. It has the authority to force exchanges to take disciplin-
ary action against members who are in violation of exchange rules.

With the formation of the National Futures Association (NFA; www.nfa.futures.
org) in 1982, some of responsibilities of the CFTC were shifted to the futures industry
itself. The NFA is an organization of individuals who participate in the futures
industry. Its objective is to prevent fraud and to ensure that the market operates in
the best interests of the general public. It is authorized to monitor trading and take

disciplinary action when appropriate. The agency has set up an efficient system for

arbitrating disputes between individuals and its members.

From time to time, other bodies, such as the Securities and Exchange Commission
(SEC; www.sec.gov), the Federal Reserve Board (www.federalreserve.gov), and the
US Treasury Department (www.treas.gov), have claimed jurisdictional rights over
some aspects of futures trading. These bodies are concerned with the effects of futures
trading on the spot markets for securities such as stocks, Treasury bills, and Treasury
bonds. The SEC currently has an effective veto over the approval of new stock or bond
index futures contracts. However, the basic responsibility for all futures and options on
futures rests with the CFTC.

Trading Irregularities

Most of the time futures markets operate efficiently and in the public interest. However,
from time to time, trading irregularities do come to light. One type of trading
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irregularity occurs when an investor group tries to “corner the market”. 2 The investor
group takes a huge long futures position and also tries to exercise some control over the
supply ‘of the underlying commodity. As the maturity of the futures contracts is
approached, the investor group does not close out its position, so that the number of

- outstanding futures contracts may exceed the amount of the commodity available for

delivery. The holders of short positions realize that they will find it difficult to deliver
and become desperate to close out their positions. The result is a large rise in both
futures and spot prices. Regulators usually deal with this type of abuse of the market by -
increasing margin requirements or imposing stricter position limits or prohibiting trades
that increase a speculator’s open position or requiring market participants to close out
their positions.

Other types of trading 1rregu1ar1ty can involve the traders on the ﬂoor of the
exchange. These received some publicity early in 1989, when it was announced that
the FBI had carried out a two-year investigation, using undercover agents, of trading on
the Chicago Board of Trade and the Chicago Mercantile Exchange. The investigation
was initiated because of complaints filed by a large agricultural concern. The alleged
offenses included overcharging customers, not paying customers the full proceeds of
sales, and traders using their knowledge of customer orders to trade first for themselves
(an offence known as front running).

“ACCOUNTING AND TAX

- The full details of the accounting and tax treatment of futures contracts are beyond the

scope of this book. A trader who wants detailed information on this should consult

- experts. In this section we provide some general background information.

‘Accounting

Accounting standards require changes in the market value of a futures contract to be
recognized when they occur unless the contract qualifies as a hedge. If the contract does
qualify as a hedge, gains or losses are generally recognized for accounting purposes in
the same period in which the gains or losses from the item being hedged are recognized.
The latter treatment is referred to as hedge accounting.

Consider a company with a December year end. In September 2007 it buys a March
2008 corn futures contract and closes out the position at the end of February 2008.
Suppose that the futures prices are 250 cents per bushel when the contract is entered
into, 270 cents per bushel at the end of 2007, and 280 cents per bushel when the
contract is closed out. The contract is for the delivery of 5,000 bushels. If the contract
does not qualify as a hedge, the gains for accountmg purposes are

5,000 x (2.70 — 2.50) = $1,000 -
in 2007 and ' .
5,000 x (2.80 — 2.70) = $500

2 Possibly the best known example of this was the attempt by the Hunt brothers to corner the silver market in
1979-80. Between the middle of 1979 and the beginning of 1980, their activities led to a price rise from $9 per
ounce to $50 per ounce.
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in 2008. If the company is hedging the purchase of 5,000 bushels of corn in February
2008 so that the contract qualifies for hedge accountmg, the entire gain of $1,500 is
realized in 2008 for accounting purposes.

The treatment of hedging gains and losses is sen81b1e If the company is hedgmg the
purchase of 5,000. bushels of corn in February 2008, the effect of the futures contract is
to-ensure that the price paid is close to 250 cents per bushel. The accountmg treatment
reflects that this price is paid in 2008.

_In June 1998, the Financial Accounting Standards Board issued FASB Statement
No. 133 (FAS 133), Accounting for Derivative Instruments and Hedging Activities.
FAS 133 applies to all types of derivatives (including futures, forwards, swaps, and
options). It requires all derivatives to be included on the balance sheet at fair market
value.® It increases disclosure requirements. It also gives companies far less latitude
than previously in using hedge accounting. For hedge accounting to be used, the
hedging instrument must be highly.effective in offsetting exposures and an assessment
of this effectiveness is required every three months. A similar standard IAS 39 has been
issued by the International Accounting Standards Board.

Tax

Under the US tax rules, two key issues are the nature of a taxable gain or loss.and the
timing of the recognition of the gain or loss. Gains or losses are either classified as
capital gains or losses or alternatively as part of ordinary income. :

For a corporate taxpayer, capital gains are taxed at the same rate as ordmary
income, and the ability to deduct losses is restricted. Capital losses are deductible
only to the extent of capital gains. A corporation may carry back a capital loss for

“three years and carry it forward for up to five years. For a noncorporate taxpayer,

short-term capital gains are taxed at the same rate as ordinary income, but long-term
capital gains are subject to a maximum capital gains tax rate of 15%. (Long-term

~ capital gains are gains from the sale of a capital asset held for longer than one year;

short-term capital gains are the gains from the sale of a capital asset held one year or
less.) For a noncorporate taxpayer, capital losses are deductible to the extent of
capital gains plus ordinary income up to $3,000 and can be carried forward
indefinitely.

Generally, positions in futures contracts are treated as if they are closed out on the
last day of the tax year. For the noncorporate taxpayer, this gives rise to capital gains
and losses that are treated as if they were 60% long term and 40% short term without
regard to the holding period. This is referred to as the *“60/40” rule. A noncorporate
taxpayer may elect to carry back for three years any net losses from the 60/40 rule to

| offset any gains recognized under the rule in the previous three years.

Hedging transactions are exempt from this rule. The definition of a hedge transaction

~ for tax purposes is different from that for accounting purposes. The tax regulations

define a hedging transaction as a transaction entered into in the normal course of
business primarily for one of the following reasons:

1. To reduce the risk of price changes or currency fluctuations with respect to
property that is held or to be held by the taxpayer for the purposes of producing
ordinary income

3 Previously the attraction of derivatives in some situations was that they were “off-balance-sheet” items,
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2. To reduce the risk of price or interest rate changes or currency fluctuations with
respect to borrowings made by the taxpayer

The hedging transaction must be identified before the end of the day on which -the
taxpayer enters into the transaction. The asset being hedged must be identified within
35 days. Gains or losses from hedging transactions are treated as ordinary income. The
timing of the recognition of gains or losses from hedging transactions generally matches

the timing of the recognition of income or expense associated with the transaction being
hedged. _ N : '

FORWARD vs. FUTURES CONTRACTS

The main differences between forward and futures'contracts are summiarized in Table 2.3.

- Both contracts are agreements to buy or sell an asset for a certain price at a certain future

time. A forward contract is traded in the over-the-counter market and there is no
standard contract size or standard delivery arrangements. A single delivery date is usually
specified and the contract is usually held to the end of its life and then settled. A futures
contract is a standardized contract traded on an exchange. A range of delivery dates is
usually specified. It is settled daily and usually closed out prior to maturity.

Profits from Forward and Futures Contracts

- Suppose that the sterling exchange rate for a 90-day forward contract is 1.9000 and that
- this rate is also the futures price for a contract that will be delivered in exactly 90 days.
~What is the difference between the gains and losses under the two contracts?

Under the forward contract, the whole gain or loss is realized at the end of the life
of the contract. Under the futures contract, the gain or loss is realized day by day-
because of the daily settlement procedures. Suppose that investor A is long £1 million
in a 90-day forward contract and investor B is long £1 million in 90-day futures -
contracts. (Because each futures contract is for the purchase or sale of £62,500,
investor B must purchase a total of 16 contracts.) Assume that the spot exchange
rate in 90 days proves to be 2.1000 dollars per pound. Investor A makes a gain of

Table 2.3 Comparison of forward ard futures contracts.

Forward Futures

Private contract between two parties Traded on an exchange

Not standardized Standardized contract
Usually one specified delivery date Range of delivery dates

. Settled at end of contract Settled daily
Delivery or final cash settlement Contract is usually closed out
usually takes place _ prior to maturity

Some credit risk -+ Virtually no credit risk
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$200,000 on the 90th day. Investor B makes the same gain—but spread out over the
90-day period. On some days investor B may realize a loss, whereas on other days he
or she makes a gain. However, in total, when losses are netted against gams there is a
gain of $200,000 over the 90-day period. -

Foreign Exchange Quotes

Both forward and futures contracts trade actively on foreign currencies. However,
there is sometimes a difference in the way exchange rates are quoted in the two
markets. For example, futures prices where one currency is the US dollar are always
quoted as the number of US dollars per unit of the foreign currency or as the number
of US cents per unit of the foreign currency. Forward prices are always quoted in the
same way as spot prices. This means that, for the British pound, the euro, the
Australian dollar, and the New Zealand dollar, the forward quotes show the number
of US dollars per unit of the foreign currency and are directly comparable with futures
quotes. For other major currencies, forward quotes show the number of units of the
foreign currency per US dollar (USD). Consider the Canadian dollar (CAD). A
futures price quote of 0.9500 USD per CAD corresponds to a forward price quote
of 1.0526 CAD per USD (1.0526 = 1/0.9500).

- SUMMARY

A very high proportion of the futures contracts that are traded do not lead to the
delivery of the underlying asset. Traders usually enter into offsetting contracts to close
out their positions before the delivery period is reached. However, it is the possibility of
final delivery that drives the determination of the futures price. For each futures
contract, there is a range of days during which delivery.can be made and a well-defined
delivery procedure. Some contracts, such as those on stock indices, aré settled in cash
rather than by delivery of the underlying asset.

The specification of ¢ontracts is an important activity for a futures exchange. The two
sides to any contract must know what can be delivered, where delivery can take place,
and when delivery can take place. They also need to know details on the trading hours,
how prices will be quoted, maximum daily price movements, and so on. New contracts
must be approved by the Commodity Futures Trading Commission before trading
starts.

Margins are an important aspect of futures markets. An investor keeps a margin
account with his or her broker. The account is adjusted daily to reflect gains or losses,
and from time to time the broker may require the account to be topped up if adverse
price movements have taken place. The broker either must be a clearinghouse member

or must maintain a margin account with a clearinghouse member. Each clearinghouse

member maintains a margin account with the exchange clearinghouse. The balance in
the account is adjusted daily to reflect gains and losses on the business for which the
clearinghouse member is responsible.

Information on futures prices is collected in a systematic way at exchanges and
relayed within a matter of seconds to investors throughout the world. Many daily
newspapers such as the Wall Street Journal carry a summary of the previous day’s
trading.
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Forward contracts differ from futures contracts in a number of ways. Forward
contracts are private arrangements between two parties, whereas futures contracts are
traded on exchanges There is generally a single: delivery date in a forward contract,
whereas futures contracts frequently involve a range of such dates. Because they are not
traded on exchanges, forward contracts do not need to be standardized. A forward
contract is not usually settled until the end of its life, and most contracts do in fact lead
to delivery of the underlying asset or a cash settlement at this time. '

In the next few chapters we shall examine in more detail the ways in which forward
and futures contracts can be used for hedging. We shall also look at how forward and
futures prices are determined. :
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Questions and Problems (Answers in Solutions Manual)

2.1
- 2.2,
23.

24,

2.5.

2.6.

2.71.

Distinguish between the terms open interest and trading volume.
What is the difference between a local and a commission broker?

Suppose that you enter into a short futures contract to sell July silver for $10.20 per ounce
on the New York Commodity Exchange. The size of the contract is 5,000 ounces. The
initial margin is $4,000, and the maintenance margin is $3,000. What change in the
futures price will lead to a margin call? What happens if you do not meet the margin call?

Suppose that in September 2009 a company takes a long position in a contract on May
2010 crude oil futures. It closes out its position in March 2010. The futures price (per
barrel) is $68.30 when it enters into the contract, $70.50 when it closes out its position,
and $69.10 at the end of December 2009. One contract is for the delivery of 1,000 barrels.
What is the company’s total profit? When is it realized? How is it taxed if it is (a) a hedger
and (b) a speculator? Assume that the company has a December 31 year-end.

What does a stop order to sell at $2 mean? When might it be used? What does a limit
order to sell at $2 mean? When might it be used?

What is the difference between the operation of the margm accounts administered by a
clearinghouse and those administered by a broker?

What differences exist in the way prices are quoted in the foreign exchange futures
market, the foreign exchange spot market, and the foreign exchange forward market?
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The party with a short position in a futures contract sometimes has options as to the
precise asset that will be delivered, where delivery will fake place, when delivery will take
place, and so on. Do these’ optlons increase or decrease the futures price? Explam your
reasoning.

What are the most important aspects of the design of a new futures contract?
Explain how miargins protect investors against the possibility of default.

A trader buys two July futures contracts on orange juice. Bach contract is for the dehvery

$6,000 per contract, and the maintenance margin is $4,500 per contract. What price
change would lead to a margin call? Under what circumstances could $2,000 be with-
drawn from the margin account? '

Show that, if the futures price of a commodity is greater than the spot price during the
delivery period, then there is an arbitrage opportunity. Does an arbitrage opportunity
exist if the futures price is less than the spot price? Explain your answer.

Explain the difference between a market-if-touched order and a stop order.
Explain what a stop-limit order to sell at 20.30 with a limit of 20.10 means.

At the end of one day a clearinghouse member is long 100 contracts, and the settlement -
price is $50,000 per contract. The original margin is $2,000 per contract. On the following
day the member becomes responsible for clearing an additional 20 long contracts, entered -
into at a price of $51,000 per contract. The settlement price at the end of this day is
$50,200. How much does the member have to add to its- margm account w1th the
exchange clearinghouse?

On July 1, 2009, a Japanese company enters into a forward contract to buy $1 million on
January 1, 2010. On September 1, 2009, it enters into a forward contract to sell $1 million
on January 1, 2010. Describe the profit or loss the company will make in yen as a function
of the forward exchange rates on July 1, 2009, and September 1, 2009.

The forward price of the Swiss franc for delivery in 45 days is quoted as 1.2500. The
futures price for a contract that will be delivered in 45 days-is 0.7980. Explain these two
quotes. Which is more favorable for an investor wanting to sell Swiss francs?

Suppose you call your broker and issue instructions to sell one July hogs contract.
Describe what happens.

“Speculation in futures markets is pure gambling. It is not in the public interest to allow
speculators to trade on a futures exchange.” Discuss this viewpoint.

Identify the commodities whose futures contracts have the highest open interest in
Table 2.2.

What do you think would happen if an exchange started trading a contract in which the
quality of the underlying asset was incompletely specified?

“When a futures contract is traded on the floor of the exchange, it may be the case that the
open interest increases by one, stays the same, or decreases by one.” Explain this statement.

Suppose that, on October 24, 2009, a company sells one April 2010 live cattle futures
contract. It closes out its position on January 21, 2010. The futures price (per pound) is
91.20 cents when it enters into the contract, 88.30 cents when it closes out its position,
and 88.80 cents at the end of December 2009. One contract is for the delivery of 40,000
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2.25.

pounds of cattle. What is the total profit? How s it taxed if the company is (a) a hedger
and (b) a speculator? Assume that the company has a December 31 year-end.

A cattle farmer expects to have 120,000 pounds of live cattle to sell in 3 months. The live
cattle futures contract on the Chicago Mercantile Exchange is for the delivery of 40,000
pounds of cattle. How can the farmer use the contract for hedgmg" From the farmer’s
viewpoint, what are the pros and cons of hedging?

It is July 2008. A mining company has just discovered a small deposit of gold. It will take
6 months to construct the mine. The gold will then be extracted on a more or less
continuous basis for 1 year. Futures contracts on gold are available on the New York
Commodity Exchange. There are delivery months every 2 months from August 2008 to
December 2009. Each contract is for the delivery of 100 ounces. Discuss how the mining
company might use futures markets for hedging. -

Assignment Questions

2.26.

2.28.

2.29.

A company enters into a short futures contract to sell 5,000 bushels of wheat for 450 cents
per bushel. The initial margin is $3,000 and the maintenance margin is $2,000. What price
change would lead to a margin call? Under what circumstances could $1,500 be with-

-drawn from the margin account?
2.27.

Suppose that there are no storagg costs for crude oil and the interest rate for borrowing or
lending is 5% per annum. How could you make money on January 8, 2007, by trading
June 2007 and December 2007 contracts? Use Table 2.2.

What position is equlvalent to a long forward contract to buy an asset at K on a certain

_date and a put option to sell it for X on that date.
The author’s Web page (www.rotman utoronto.ca/~hull/data) contains daily closing

prices for crude oil and gold futures contracts. (Both contracts are traded on NYMEX.)

You are required to download the data and answer the following:

(a) How high do the maintenance margin levels for oil and gold have to be set so that
there is a 1% chance that an investor with a balance slightly above the maintenance
margin level on a particular day has a negative balance 2 days later? How high do
they have to be for a 0.1% chance? Assume daily price changes are normally
distributed with mean zero. Explain why NYMEX might be interested in this
calculation. '

(b) Imagine an investor who starts with a long position in the oil contract at the
beginning of the period covered by the data and keeps the contract for the whole
of the period of time covered by the data. Margin balances in excess of the initial
margin are withdrawn. Use the maintenance margin you calculated in part (a) for a
1% risk level and assume that the maintenance margin is 75% of the initial margin.
Calculate the number of margin calls and the number of times the investor has a
negative margin balance. Assume that all margin calls are met in your calculations.
Repeat the calculations for an investor who starts with a short position in the gold
contract.






3.1

Hedglng 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 fluctuations
in 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. Perfect hedges are

rare. 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
optima] 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 17 we will examine dynamic
hedging strategies in which the hedge is monitored closely and frequent adjustments
are made.

The chapter initially treats futures contracts as forward contracts (that is, it ignores
daily settlement). Later it explains an adjustment known as “tailing” that takes account
of the difference between futures and forwards.

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 3 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 3 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

45
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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 oﬁset by the ‘gain on the rest of the -

company’s business.

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
Jocal 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 US
exporter who knows that he or she will receive euros in 3 months. The exporter will
realize a gain if the euro increases in value relative to the US dollar and will sustain a
loss if the euro decreases in value relative to the US dollar. A short futures position
leads to a loss if the euro increases in value and a gain 1f 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 I 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 where it will gain $10,000 for each 1 cent increase in the price of oil over the
next 3 months and lose $10,000 for each 1 cent decrease in the price during this period.
Suppose that on May 15 the spot price is $60 per barrel and the crude oil futures price -
on the New York Mercantile Exchange (NYMEX) for August delivery is $59 per
barre]. Because each futures contract on NYMEX is for the delivery of 1,000 barrels,
the company can hedge its exposure by shorting 1,000 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 $59 per barrel.

To illustrate what might happen, suppose that the spot price on August 15 proves to
be $55 per barrel. The company realizes $55 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 $55 on that date. The company
therefore gains approximately

$59 —§55 = $4

per barrel, or $4 million in total from the short futures position. The total amount

- realized from both the futures position and the sales contract is therefore approx1mate1y

$59 per barrel, or $59 million in total.
For an alternative outcome, suppose that the price of oil on August 15 proves to be
$65 per barrel. The company realizes $65 for the oil and loses approximately

$65 — §59 = §6

per barrel on the short futures position. Again, the total amount realized is approxi-
mately $59 million. It is easy to see that in all cases the company ends up with
approximately $59 million.
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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
340 cents per pound, and the futures price for May delivery is-320 cents per pound. The
fabricator can hedge its position by taking a long position in four 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 320 cents per pound.

Suppose that the spot price of copper on May 15 proves to be 325 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 (§3.25 — $3.20) = $5,000

on the futures contracts. It pays 100,000 x $3.25 = $325,000 for the copper, making the
net cost approximately $325,000 — $5,000 = $320,000. For an alternative outcome,
suppose that the spot price is 305 cents per pound on May 15. The fabricator then
loses approximately T
100,000 x ($3.20 — $3.05) = §15,000

on the futures contract-and pays 100,000 x $3.05 = $305,000 for the copper. Again, the
net cost is approximately $320,000, or 320 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 340 cents per pound
_ instead of 320 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 of having the copper on hand.! However, for a company that knows it will
not require the copper until'May 15, the futures contract alternative is likely to be
preferred. -

Long hedges can be used to manage an existing short position. Consider an investor
who has shorted a certain stock. (See Section 5.2 for a discussion of shorting.) Part of
the risk faced by the investor is related to the performance of the whole stock market.
The investor can neutralize this risk with 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 costly and inconvenient. 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 there is no daily settlement. In
practice, daily settlement does have a small effect on the performance of a hedge. As

! See Section 5.11 for a discussion of convenience yields.



48

3.2

CHAPTER 3 -

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.

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—for which presumably they do have particular skills and

- expertise. By hedging, they avoid unpleasant surprises such as sharp rises in the price of

a commodity that is being purchased.

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 doesthe 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 when it is carried out by individual shareholders. Indeed, the
size of futures contracts makes hedgrng by 1nd1v1dual 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 well-diversified 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 managers are in practice
influenced by this type of argument is open to question.

Hedging and Competltors

If hedging is not the norm in a certaln industry, it may not ‘make sense for one
particular company to choose to be different from all 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
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Table 3.1 Danger in hedging when competitors do not .he.:dgc.'
Change in  Effect on price of Eﬁ"eci on profits of  Effect on profits of |

gold price  gold jewelry . TakeaChance Co. SafeandSure Co.
Increase Increase : None ' | Increase
Decrease Decrease . None ' Decrease

Company and TakeaChance Company. We assume that most companies in the industry
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 purchase of gold over the next
18 months. 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 gross. 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 3.1.

This example emphasizes the importance of looking at the big picture when hedging.
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.

He.dging Can Lead to a Worse Outcome

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 at the end of the hedge is $69, so that the
company loses $10 per barrel on the futures contract. We can imagine a conversation
such as the following between the treasurer and the president: B

© PresDENT:  This s terrible. We've lost $10 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 we made $10 million
from the favorable effect of the oil price increases on our business.
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Business SnapShdt 31 ‘H'ed'g'in'g by. Gold Mining Companies'

1t is natural for a gold mining company to consider hedging against changes in the
price -of gold. Typrcally it takes several years to-extract all the gold from.a mine.
 Once a gold: mrmng company deC1des to go ahead w1th productlon at a ‘particular
mine, it has a big exposure to the price of gold. Indeed a tine that looks proﬁtable at
the outset could become unproﬁtable if the, price. of gold plunges o :
Gold mining: compames are careful to explaln their. hedging strategres to potent1a1
shareholders, Some-.gold. rnmmg companies. do not- hedge They tend to attract:
shareholders who buy gold stocks because: they want to benefit when the price of
gold increases and are- prepared 0. accept the risk of a'loss from a decrease in the
‘price of gold. Other companies- choose fo hedge They éstimate the number of ounces |
 they will produce each month for the next-few years and enter mto short futures or
1"forward contracts to lock in the: ‘price that. will be received:: S
-Suppose you:are: Goldman Sachs and have 3ust ‘entered” 1nto a forward contract
.w1tl1 a hedger whereby you agree to buy a: large amount of gold at a fixed price. How
doyou ‘hedge your risk? The answer is that you borrow’ gold from a central bank and
'sell it at ‘the current market pnce (The central banks-of many countries hold large
amounts of gold) At the-end of the life of the forward contract, you buy gold from
the gold mining.company: under the terms of thie forward contract and use it to Tepay’
the central bank. The central bank charges a fee (perhaps 1 5% per annum) known |
as the gold lease rate for lend1ng its gold in thrs way T '

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 particulatly well this quarter. I'm going to have
to explain to them that your actions reduced profits by $10 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 $10 million.
TrREasURER: It all depends on how you look at it...

It is easy to see why many treasurers are reluctant to hedge! Hedging reduces risk for the
company. However, it may increase risk for the treasurer if others do not fully under-
stand 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 the
shareholders. (See Business Snapshot 3.1 for a discussion of hedging by gold mining
companies.)
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3.3

BASIS RISK

The hiedges 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 before its delivery
month.

These problems give rise to what is termed basis risk. This coﬁcept will now be explained.

The Basis

The basis in a hedging situation is as follows:*
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 Table 2.2 and Figure 2.2, we see that on

January 8, 2007, the basis was negative for gold and positive for orange juice.

As time passes, the spot price and the futures price do not necessarily change by the
same amount. As a result, the basis changes. An increase in the basis is referred to as a
strengthening of the basis; a decrease in the basis is referred to as a weakening of the
basis. Figure 3.1 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 ¢,
S, Spot price at time ¢,
Fy: Futures price at time ¢,
F,: Futures price at time t,
b,: Basis at time ¢

b,: Basis at time ¢,

We will assume that a hedge is put in place at time ¢, and closed out at time ¢,. 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 §; = 2.50, F, = 2.20,
SZ = 200, and F2 = 1.90.

2 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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Figure-3.1 Variation of basis over time.

A o
Spot price

.- Futures price

From the definition of the basis, we have

by =8 - F and b2=SQ—F2

5o that, in our example, b; = 0.30 and b, = 0.10.

Consider first the situation of a hedger who knows that the asset will be sold at time ty
and takes a short futures position at time ¢;. The price realized for the asset is S, and the
profit on the futures position is F; — F,. The effective price that is obtained for the asset

- with hedging is therefore

S2‘+F1 —F2 = Fl +b2

In our example, this is $2.30. The value of F, is known at time ¢,. If b, were also known
at this time, a perfect hedge would result. The hedging risk is the uncertainty associated
with b, and is known as basis risk. Consider next a situation where a company knows it
will buy the asset at time ¢, and initiates a long hedge at time ¢,. The price paid for the
asset is §, and the loss on the hedge is F) — F,. The effective.price that is paid with
hedging is therefore ' :

S2+F1 —F2=F1+b2

This is the same expression as before and is $2.30 in the example. The value of F; is
known at time ¢;, and the term b, represents basis risk.

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 (i.e., increases) unexpectedly,
the hedger’s position improves; if the basis weakens (i.e., decreases) 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.

The asset that gives rise to the hedger’s exposure is sometimes different from the asset
underlying the futures contract that is used: for hedging. This increases the basis risk.
Define §; as the price of the asset underlying the futures contract at time t,. As before,
S, is the price of the asset being hedged at time ¢,. By hedging, a company ensures that
the price that will be paid (or received) for the asset is

S,+F -F
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This can be written as
+(8; - B)+(85-53)

The terms S5 — F, and §, — S5 represent the two components of the basis. The 5 — F,

_term is the basis that would exist if the asset being hedged were the same as the asset
underlying the futures contract. The §, — §; term is the basis arising from the difference -
between the two assets. ' '

Choice of Contract

One key factor affecting basis rlsk is the choice of the futures contract to be used for
hedgmg 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. Moreover, a long hedger runs the risk of having to take delivery of the physical

- agset if the contract is held during the delivery month. Taking delivery can be expensive
and inconvenient. (Long hedgers normally prefer to close out the futures contract and
buy the asset from their usual suppliers.)

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 futures contract on a
particular asset. 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 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. Therefore, in some situations, the hedger
may be inclined to use short-maturity contracts and roll them forward. This strategy is
discussed later in the chapter.

Example 3.1

It is March 1. A US 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.
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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 pxjice. 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 3.2

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
$68.00 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 $70.00 per barrel and $69.10 per
barrel. '
The gain on the futures contract is 69 10 — 68.00 = $1 10 per barrel. The basis
when the contract is closed out is 70.00 — 69.10 = $0.90 per barrel. The effective
price paid (in dollars per barrel) is the final spot price less the gain on the
futures, or -
70.00 — 1.10 = 68.90

This can also be calculated as the initial futures price plus the final basis,
© 68,00+ 0.90 = 68.90
The total price paid is 68.90 x 20,000 = $1,378,000.

CROSS HEDGING

In the examples considered up to now, the asset underlying the futures contract has
been the same as the asset whose price is being hedged. Cross hedging occurs when the
two assets are different. Consider, for example, an airline that is concerned about the
future price of jet fuel. Because there is no futures contract on jet fuel, it might choose
to use heating oil futures contracts to hedge its exposure. '

The hedge ratio is the ratio of the size of the position taken in futures contracts to the
size of the exposure. When the asset underlying the futures contract is the same as the
asset being hedged, it is natural to use a hedge ratio of 1.0. This is the hedge ratio we
have used in the examples considered so far. For instance, in Example 3.2, the hedger’s
exposure was on 20,000 barrels of oil, and futures contracts were entered into for the
delivery of exactly this amount of oil.



Hedging Strategies Using Futures ' ' o 55

When cross hedging is used, setting the hedge ratio equal to 1.0 is not always
optimal. The hedger should choose a value for the hedge ratio that minimizes the
variance of the value of the hedged position. We now consider how the hedger can do-

" this.

Calculating the Minimum Variance Hedge Ratio
We will use the folldwing notation:

AS: Change in spot prlce S, durlng a period of time equal to the life of the hedge
AF: Change in futures price, F, durmg a period of time equal to the life of the hedge
os: Standard deviation of AS '
or. Standard deviation of AF
"p. Coefficient of correlation between AS and AF -
h*: Hedge ratio that minimizes the variance of the hedger’s position

In the appendix at the end of this chapter, we show that
B =p= S C B

The optimal hedge ratio is the product of the coefficient of correlation between AS and -~

AF and the ratio of the standard deviation of AS to the standard deviation of AF.

Figure 3.2 shows how the variance of the value of the hedger’s posltlon depends on the
. hedge ratio chosen.

If p =1 and o = o, the hedge ratio, &*, 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 o = 205, 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, 4*, is the slope of the best-fit line when AS is regressed against
AF, as indicated in Figure 3.3. This is intuitively reasonable, because we require A* to
correspond to the ratio of changes in AS to changes in AF. The hedge effectiveness can be

Figure 3.2 Dependence of variance of hedger’s position on hedge ratio.

) Variance of
position

N

Hedge ratio,‘h
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Figure 3.3 Regression of change in spot price against chahge in futures price.

waS

defined as the proportion of the variance that is eliminated by hedging. This is the R?
from the regression of AS against AF and equals 0%, or

The parameters p, o5, and oy in equation (3.1) are usually estimated from historical
data on AS and AF. (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 AS and AF for each of the 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:

Q4: Size of position being hedged (units)
Qr: Size of one futures contract (units)
N*: Optimal number of futures contracts for hedging

The futures contracts should be on A*Q, units of the asset. The number of futures
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* contracts required is therefore given by

_ h* Q4
Or

N* (.2)

Example 3.3

An airline expects to purchase 2 million gallons of jet fuel in 1 month and decides
to use heating oil futures for bedging.> We suppose that Table 3.2 gives, for
15 successive months, data on the change, AS, in the jet fuel price per gallon
and the corresponding change, AF, 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 ith observations on AF and AS by x; and y;, respectively. From Table 3.2, we

have
> % =-0013 xF =0.0138
Yy=00 Yy =00097
3 i3 = 0.0107

Table 3.2 Data to calculate minimum variance hedge
ratio when heating oil futures contract is used to hedge
purchase of jet fuel. - '

Month  Change in fittures price  Change in fuel price

i per gallon (= x;) per gallon (= y;)
1 10.021 0.029
2 0.035 0.020
3 —0.046 —0.044
4 0.001 0.008
5 0.044 0.026
6 ~0.029 \ ~0.019
7 ~0.026 - —0.010
8 -0.029 —0.007
9 0.048 T 0.043
10  —0.006 0.011
11 —0.036 —0.036
12 -0.011 -0.018
13 0.019 0.009
14 -0.027 ~0.032
15

0.029 0.023

3 Heating oil futures contracts are more liquid than jet fuel futures contracts. For an account of how Delta
Airlines used heating oil futures to hedge its future purchases of jet fuel, see A. Ness, “Delta Wins on Fuel,”
Risk, June 2001, p.8.
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Standard formulas from statistics give the estimate of o as

. 2
1xd (Ex) _ .
_ n—1 n(n—-l)_o'0313 '
‘The estimate of oy is
DZ ) _ o1
n(n - 1)
The estimate of p is
DR EPRIN)]

=0.928

VI T2 - (5T 25 - (2]
From equation (3.1), the minimum variance hedge ratio, b*, is therefore

0.0263
0. 928 X033 = 0.78
Each heating oil contract traded on NYMEX is on 42,000 gallons of heating oil.

From equatlon (3 2), the opt1mal number of contracts is -

0.78 x 2,000,000

2000 = 3714

or, rounding to the nearest whole number, 37.

Tailing the Hedge

When futures are used for hedging, a small adjustment, known as failing the hedge,
can be made to allow for the impact of daily settlement. In practice this means that
equation (3.2) becomes*

N* __"h*VA
=

- 33) |

where V, is the dollar value of the position being hedged and Vy is the dollar value of
one futures contract (the futures price times Q). Suppose that in Example 3.3 the
spot price and the futures price are 1.94 and 1.99 dollars per gallon. Then

" V4 =2,000,000 x 1.94 = 3,880,0000 while Vp =42, 000 x 1.99 =83,580, so that the

optimal number of contracts is

0.78 x 3, 880, 000
83,550

= 36.22

If we round this to the nearest whole number, the optimal number of contracts is now
36 rather than 37. The effect of tailing the hedge is to multiply the hedge ratio in
equation (3.2) by the ratio of the spot price to the futures price. Ideally the futures
position used for hedging should then be adjusted as V,, and V change, but in practice
this is not usually feasible.

% See Problem 5.23 for an explanation of equation (3.3).
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3.5

STOCK INDEX FUTURES
We now move on to consider stock index futures and how they are used to hedge or
manage exposures to equity prices. _
A stock index tracks changes in the value of a hypothetical portfolio of stocks. The
weight of a stock in the portfolio equals the proportion of the portfolio invested in the
stock. The percentage increase in the stock index over a small interval of time is set
equal to the percentage increase in the value of the hypothetical portfolio. Dividends
are usually not included in the calculatlon so that the 1ndex tracks the capltal gain/loss
from investing in the portfolio.”

If the hypothetical portfolio of stocks remains ﬁxed the weights assigned to individual - -

stocks in the portfolio do not remain fixed. When the price of one particular stock in the
portfolio rises more sharply than others, more weight is automatically given to that stock.
Some indices are constructed from a hypothetical portfolio consisting of one of each of a
number of stocks. The weights assigned to the stocks are then proportiona) to their
market prices, with adjustments being made when there are stock splits. Other indices are
constructed so that weights are proportional to market capitalization (stock price x
number of shares outstanding). The underlying portfolio is then automatically adjusted
to reflect stock splits, stock dividends, and new equity issues.

Stock Indlces

Table 3.3 shows futures prices for contracts on a number of different stock indices as
they were reported in the Wall Street Journal of January 9, 2007. The prices refer to the
close of trading on January 8, 2007.

The Dow Jones Industrial Average is based on a portfolio consisting of 30 blue-chip
stocks in the United States. The weights given to the stocks are proportional to their
prices. The Chicago Board of Trade trades two futures contracts on the index. One is
on $10 times the index. The other (the Mini DJ Industrial Average) is on $5 times the
index.

The Standard & Poor’s 500 (S&P 500) Index is based on a portfolio of 500 different
stocks: 400 industrials, 40 utilities, 20 transportation companies, and 40 financial
institutions. The weights of the stocks in the portfolio at any given time are pro-
portional to their market capitalizations. This index accounts for 80% of the market
capitalization of all the stocks listed on the New York Stock Exchange. The Chicago
Mercantile Exchange (CME) trades two futures contracts on the S&P 500. One is on
$250 times the index; the other (the Mini S&P 500 contract) is on $50 times the
index.

The Nasdaq 100 is based on 100 stocks using the National Association of Securities

Dealers Automatic Quotations Service. The CME trades two contracts. One is on $100

times the index; the other (the Mini Nasdaq 100 contract) is on $20 times the index.

The Russell 1000 Index is an index of the prices of the 1000 largest capitalization
stocks in the United States. The U.S. Dollar Index is a trade-weighted index of the
values of six foreign currencies (the euro, yen, pound, Canadian dollar, Swedish krona,
and Swiss franc).

5 An exception to this.is a total return index. This is calculated by assuming that dividends on the
hypothetical portfolio are reinvested in the portfolio.
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Table 3.3 Index futures quotes from Wall Street Journal, January 9, 2007

"Columns show m‘onth,_open,‘ high, low, settle, change, and open interest,

respectively.

Index Futures
DJ industrial Avorage (cBT)-$10 x Index Nasdag 100 (CWE)-$100 x index

March 1457 12515 12405 1492 42 64772 | Marh 179750181250 179200 1803850 625 - 45550
June 12530 12591 1255 M Q@ 4% L

 Mini D) ndustrial Averaga (B} $5 xindex Min Nasdaq 100 (cHE) 201 dex
o556 | Mamh %0 B3 173 1S
M O o & 1T lime s 33 U3 S0

S&P 500 Index (CME)-$250 x index Russall 1000 (NYBOT-$500 x Index

Morh 141730 2450 141300 MAZS0 610  G0L8W
A M6I0MT00 12610 BB 6 1 | M TOB BN 705 BN 310 7040

Minl S&P 500 (CMEY-$50 x Index 1S, Dotlar Indax (NYBOT)$1,000 x index

g
2

Mach 4172514450 U130 MRS) 600 155973 | Mach 8443 B4E2 842 WY -3 48
Jume 143050143700 v142550 M5B 625 13716 | June 8410 8430 8401 812 03 208

Source: Reprinted by permission of Dow Jones, Inc., via Copyright Clearance Center, Inc.,
© 2007 Dow Jones & Company, Inc. All Rights Reserved Worldwide.

As mentioned in Chapter 2, futures contracts on stock indices are settled in cash, not
by delivery of the underlying asset. All contracts are marked to market to either the
opening price or the closing price of the index on the last trading day, and the
positions are then deemed to be closed. For example, contracts on the S&P 500 are
closed out at the opening price of the S&P 500 index on the third Friday of the
delivery month.

Hedging an Equity Portfolio
Stock index futures can be used to hedge a well-diversified equity portfolio. Define:

P: Current value of the portfolio . _
F: Current value of one futures contract (the futures price times the contract size)

If the portfolio mirrors the index, the optimal hedge ratio, h*, equals 1.0 and
equation (3.3) shows that the number of futures contracts that should be shorted is

. P
N =2 (34)
Suppose, for example, that a portfolio worth $5,050,000 mirrors the S&P 500. The
index futures price is 1,010 and each futures contract is on $250 times the index. In this
case P = 5,050,000 and F = 1,010 x 250 = 252,500, so that 20 contracts should be
shorted to hedge the portfolio.

When the portfolio does not exactly mirror the index, we can use the parameter
beta (B) 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 B = 1.0, the return on the portfolio tends to mirror the return on the
market; when 8 = 2.0, the excess return on the portfolio tends to be twice as great as the
excess return on the market; when B = 0.5, it tends to be half as great; and so on.
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A portfolio with a 8 of 2.0 is twice as sensitive to market movements as a portfolio
with a beta 1.0. It is therefore necessary to use twice as many contracts to hedge the
portfolio. Similarly, a portfolio with a beta of 0.5 is half as sensitive to market.
movements as a portfolio with a beta of 1.0 and we should use half as many contracts
to hedge it. In general, A* = B, so that equatlon (3. 3) gives

ﬂ— | | 65

This formula assumes that the maturity of the futures contract is clo.se to the maturity
of the hedge.

We illustrate that this formula gives good results by extendmg our earlier example.
Suppose that a futures contract with 4 months to maturity is used to hedge the value of
a portfolio over the next 3 months in the following situation:

Value of S&P 500 index = 1,000

S&P 500 futures price = 1,010

Value of portfolio = $5,050,000

Risk-free interest rate = 4% per annum
Dividend yield on index = 1% per annum = -
Beta of portfolio = 1.5

One futures contract is for delivery of $250 times the index. It follows that F =
250 x 1,010 = 252,500 and from equation (3.5), the number of futures contracts that
should be shorted to hedge the portfolio is

5,050,000

15X 252,500

=30

Supposé the index turns out to be 900 in 3 months and the futures price is 902. The gain
from the short futures position is then

30 x (1010 — 902) x 250 = $810,000

The loss on the index is 10%. The index pays a dividend of 1% per annum, or 0.25%
per 3 months. When dividends aré taken into account, an investor in the index would
therefore earn —9.75% in the 3-month period. Because the portfolio has a g of 1.5, the
capital asset pricing model gives

-Expected return on portfolio — Risk-free interest rate

= 1.5 x (Return on index — Risk-free interest rate)

The risk-free interest rate is approximately 1% per 3 months. It follows that the expected
return (%) on the portfolio during the 3 months when the 3-month return on the index
is —9.75% is

1.0+1]1.5 x (=9.75 - 1.0)) = -15.125

The expected value of the portfolio (inclusive of dividends) at the end of the 3 months is
- therefore
$5,050,000 x (1 — 0.15125) = $4,286,187
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Table 3.4 P_erformancé of stock index hedge.

Value of index in three months: 900 950 1,000 1,050 1,100

Futures price of index today: 1010 1,010 1,010 1,010 1,010
Futures price of index ' .

in three months: 902 952 1,003 1,053 1,103

- Gain on futures position ($): - 810,000 435,000 52,500 —322,500 —697,500

Return on market: | ~9.750% —4.750% 0.250% 5.250% 10.250%

Expected return on portfolio:  —15.125% —7.625% —0.125% 1.375% 14.875%

Expected portfolio value in three
months including dividends (§): 4,286,187 4,664, 937 5,043,687 5,422,437 5, 801 187

Total value of position .
in three months (3): 5,096,187 5,099,937 5,096,187 5,099,937 5,103,687

It follows that the expected value of the hedger $ posmon including the gam on the
hedge, is
$4,286,187 + $810,000 = $5,096,187

Table 3.4 summarizes these calculations together with similar calculations for other
values of the index at maturity. It can be seen that the total expected value of the
hedger’s position in 3 months is almost independent of the value of the index.

The only thing we have not covered in this example is the relationship between futures
prices and spot prices. We will see in Chapter 5 that the 1,010 assumed for the futures
price today is roughly what we would expect given the interest rate and dividend we are
assuming. The same is true of the futures prices in 3 months shown in Table 3.4.°

Reasons for Hedging an Equity Portfolio

Table 3.4 shows that the hedging scheme results in a value for the hedger’s position at
the end of the 3-month period being about 1% higher than at the beginning of the
3-month period. There is no surprise here. The risk-free rate is 4% per annum, or 1%
per 3 months. The hedge results in the investor’s position growing at the risk-free 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 portfoho and invest the
proceeds in risk-free instruments such as Treasury bills.

One answer to this questios 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

® The calculations in Table 3.4 assume that the dividend yield on the index is predictable, the risk-free interest
rate remains constant, and the return on the index over the 3-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 3.4.
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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 mlght involve unacceptably
high transaction costs.

Changing the Beta of a Portfolio

In the example in Table 3. 4 the beta of the hedger s portfoho is reduced to zero. (The
hedger’s expected return is independent of the performance of the index.) Sometimes
futures contracts are used to change the beta of a portfolio to some value other than
"zero. Continuing with our earlier example: :

S&P 500‘index = 1,000

S&P 500 futures price = 1,010

Value of portfolio = $5,050,000

..Beta of portfolio = 1.5

As before, F =250 x 1,010 = 252,500 and a complete hedge requires -

5,050,000

252,500 - =%

1.5

contracts to be shorted. 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 ﬂ to %, where ﬂ > ﬂ a short position in

| B-5 )f
contracts is required. When g < 8%, a long position in

¢ -0

contracts is required.

Exposure to the Price of an Indwndual 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
contract. ' _
Hedging an exposure to the price of an individual stock using index futures contracts is
* similar to hedging a well-diversified stock portfolio. The number of index futures
contracts that the hedger should short is given by BP/F, where f is the beta of the stock,
P is the total value of the shares owned, and F is the current value of 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
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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 1-month period. The 8 of IBM
is estimated at 1.1. The current futures price for the August contract on the S&P 500 is
900. Each contract is for delivery of $250 times the index. In this case, P =
20,000 x 100 = 2,000,000 and F = 900 x 250 = 225,000. The number of contracts that
should be shorted is therefore

2,000,000

25000 2.78

1.1 x

Rounding to the nearest integer, the hedger shorts 10 contracts, closing out the position
1 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 — 900) = $450,000 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 but also to make favorable
outcomes less favorable.

“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 reducé 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 t,: Close out futures contract 1
Short futures contract 2

Time t;: Close out futures contract 2
Short futures contract 3

Time t,: Close out futures contract n — 1
: Short futures contract n

Time T: Close out futures contract n
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Table 3.5 Data for the example on rolling oil hedge forward.

Date Apr. 2007 Sept. 2007 Feb. 2008 June 2008
Oct. 2007 futures price 6820 67.40 o

Mar. 2008 futures price- - 67.00 6650

July 2008 futures price - _ 166.30 65.90
Spot price - .69.00 : - . 66.00

Suppose that in April 2007 a company realizes that it will have 100,000 barrels of oil to
sell in June 2008 and decides to hedge its risk with a hedge ratio of 1.0. (In this example,
we do not make the “tailing” adjustment described in Section 3.4.) The current spot
price is $69. Although futures contracts are traded with maturities stretching several
years into the future, we suppose that only the first six delivery months have sufficient
- liquidity to meet the company’s needs. The company therefore shorts 100 October 2007
contracts. In Séptember 2007 it rolls the hedge forward into the March 2008 contract.
In February 2008 it rolls the hedge forward again into the July 2008 contract.
One possible outcome is shown in Table 3.5. The October 2007 contract is shorted
‘at $68.20 per barrel and closed out at $67.40 per barrel for a profit of $0.80 per barrel;
the March 2008 contract is shorted at $67.00 per barrel and closed out at $66.50 per
~ barrel for-a profit of $0.50 per barrel. The July 2008 contract is shorted at $66.30 per
barrel and closed out at $65.90 per barrel for a profit of $0.40 per barrel. The final
spot price is $66.
The dollar gain per barrel of oil from the short futures contracts is

(68.20 — 67.40) + (67.00 — 66.50) + (6630 — 65.90) = 1.70

The oil price declined from $69 to $66. Receiving only $1.70 per barrel compensation
for a price decline of $3.00 may appear unsatisfactory. However, we cannot expect total
compensation for a price decline when futures prices are below spot prices. The best we
can hope for is to lock in the futures price that would apply to a June 2008 contract if it
were actively traded.

The daily settlement of futures contracts can cause a.mismatch between the timing of
the cash flows on hedge and the timing of the cash flows from the position being
hedged. In situations where the hedge is rolled forward so that it lasts a long time this
can lead to serious problems (see Business Snapshot 3.2).

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.
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1 contracts to its customers at 6 t0 § cents above market pnces It hedged its exposure

 were offset by pos1t1ve ‘cash flows that would ultlmately be realized on the long-term

CHAPTER. 3

Busmess Snapshot 3. 2 Metallgesellschaft Hedgrng Gone Awry

Sometrmes rolhng hedges forward can lead to cash ﬂow pressures The problem was
illustrated dramatrcally by the act1v1t1es of a German company, Metallgesellschaft
(MG), in the early 1990s. . |

"MG sold a huge volutne of 5:t0 10- year heatlng oil and gasolme ﬁxed pr1ce supply_

- with long posrtrons in short-dated futures contracts that were tolled forward, As-it
turned -out, the price of oil fell and there were: margin caﬂs on the futures pos1trons '
Considerable shori-term cash flow préssures were ‘placed.on MG. The members of
MG who devised the hedgrng strategy argued ‘that: these short-term cash outflows

fixed-price contracts. However, the company’s senior management. and its bankers
became concerned about the huge cash drain. Asa result, the company closed out all
the hedge positions and agreed w1th its customers that the ﬁxed-pnce contracts would
be abandoned The outcome was a loss to MG of $1. 3 bﬂhon '

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 why

~ 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 hédging 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 hedgmg is basis risk. The basis is the difference between the
spot price of an asset and its futures price. Basis risk arises from uncertainty as to what

‘the basis will be at maturity of the hedge.

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 portfolio to the value of one futures contract. Stock index
futures can also be used to change the beta of a portfolio without changing the stocks
that make up the portfolio. :

When there is no liquid futures contract that matures later than the expiration of the
hedge, a strategy known as rolling the hedge forward may be appropriate. This involves
entering into a sequence of futures contracts. When the first futures contract is near
expiration, it is closed out and the hedger enters into a second contract with a later
delivery month. When the second contract is close to expiration, it is closed out and the
hedger enters into a third contract with a later delivery month; and so on. The result of
all this is the creation of a long-dated futures contract by trading a series of short-dated
contracts.
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Questions and Problems (Answers in Solutions Manual)

3.L

3.2.
3.3.

3.4.

3.5

Under what circumstances are (a) a short hedge and (b) a long hedge appropriate?
Explain what is meant by basis risk when futures contracts are used for hedging.

Explain what is meant by a perfect hedge. Does a perfect hedge always lead to a better
outcome than an imperfect hedge? Explain your answer.’ '

Under what circumstances does a minimum variance hedge portfoho lead to no hedgmg
at all?

Give three reasons why the treasurer of a company might not hedge the company’s
exposure to a particular risk.
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3.6.

3.7

3.8.

39
3.10.

311,

3.12.

3.13.
3.14.
3.15.

3.16.

3.17.

3.18.

CHAPTER 3

Suppose that the standard deviation of quarterly changes in the prices of a commodity is
$0.65, the standard deviation of quarterly changes in a futures price on the commodity
is $0.81, and the coefficient of correlation between the .two changes is 0.8. What is the
optimal hedge ratio for a 3-month contract? What does it mean?

A company has a $20 million portfolio witha beta of 1.2. It would like to use futures
contracts on the S&P 500 to. hedge its risk. The index futures price is currently standing
at 1080, and each contract is for delivery of $250 times the index. What is the hedge that
minimizes risk? What should the company do if it wants to reduce the beta of the
portfolio to 0.6? '

In the Chicago Board of Trade’s corn futures contract the following delivery months

‘ are available: March, May, July, September, and December. State the contract that

should be used for hedging when the expiration of the hedge is in (a) June, (b) July, and
(c) January.

Does a perfect hedge always succeed in locklng in the current spot price of an asset for a
future transaction? Explain your answer.

Explain why a short hedger’s position improves when the basis strengthens unexpectedly
and worsens when the basis weakens unexpectedly.

Imagine you are the treasurer of a Japanese company exporting electronic equipment to
the United States. Discuss how you would design a foreign exchange hedging strategy and
the arguments you would use to sell the strategy to your fellow executives.

Suppose that in Example 3.2 of Section 3.3 the company decides to use a hedge ratio of
0.8. How does the decision affect the way in which the hedge 1s implemented and the
result?

“If the minimum variance hedge ratio is calculated as 1.0, the hedge must be perfect.” Is
this statement true? Explain your answer. .

“If there is no basis ﬁsk, the minimum variance hedge ratio is always 1.0.” Is this
statement . true? Explain your answer.

“For an asset where futures prices are usually less than spot prices, long hedges are likely
to be particularly attractive.” Explain this statement.

The standard deviation of monthly changes in the spot price of live cattle is (in cents per
pound) 1.2. The standard deviation of monthly changes in the futures price of live cattlé
for the closest contract is 1.4. The correlation between the futures price changes and the
spot price changes is 0.7. It is now October 15. A beef producer is committed to
purchasing 200,000 pounds of live cattle on November 15. The producer wants to use
the December live cattle futures contracts to hedge its risk. Each contract is for the
delivery of 40,000 pounds of cattle. What strategy should the beef producer follow?

A corn farmer argues “I do not use futures contracts for hedging. My real risk is not the
price of corn. It is that my whole crop gets wiped out by the weather.” Discuss this
viewpoint. Should the farmer estimate his or her expected production of corn and hedge
to try to lock in a price for expected production?

On July 1, an investor holds 50,000 shares of a certain stock. The market price is $30 per
share. The investor is interested in hedging against movements in the market over the next
month and decides to use the September Mini S&P 500 futures contract. The index
futures price is currently 1,500 and one contract is for delivery of $50 times the index. The
beta of the stock is 1.3. What strategy should the investor follow?
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3.19.
3.20.

3.21.

3.22.

Suppose that in Table 3.5 the company decides to use a hedge ratio of 1.5. How does the
decision affect the way the hedge is implemented and the result?

A futures contract is used for hedging. Explain why the markmg to market of the contract
can give rise to cash flow problems. - :

An airline executive has argued: “There is no point in our using oil fu_tures. There is just
as much chance that the price of oil in the future will be less than the futures price as there
is that it will be greater than this price.” Discuss the executive’s viewpoint.

Suppose that the 1-year gold lease rate is 1.5% and the 1-year risk-free rate is 5.0%. Both
rates are compounded annually. Use the discussion in Business Snapshot 3.1 to calculate

~ the maximum 1-year gold forward price Goldman Sachs should quote to the gold-mining

company when the spot price is $600. -

Assignment Questions

323,

3.24.

3.25.

3.26.

The following table gives data on monthly changes in the spot price and the futures price
for a certain commodity. Use the data to calculate a minimum variance hedge ratio.

Spot price change +0.50 +0.61 —0.22 -0.35 +0.79
Futures price change +0.56 +0.63 -0.12 —044 - +0.60
Spot price change +0.04 +0.15 +0.70 -0.51 —-0.41
Futures price change = —0.06 = +40.01 +0.80 - -0.56 -0.46

It is July 16. A company has a portfolio of stocks worth $100 million. The beta of the
portfolio is 1.2. The company would like to use the CME December futures contract on
the S&P 500 to change the beta of the portfolio to 0.5 during the period July 16 to
November 16. The index futures price is currently 1,000, and each contract is on $250
times the index.

(a) What position should the company take? :

(b) Suppose that the company changes its mind and decides to increase the beta of the

portfolio from 1.2 to 1.5. What position in futures contracts should it take?

A fund manager has a portfolio worth $50 million with a beta of 0.87. The manager is
concerned about the performance of the market over the next 2 months and plans to use
3-month futures contracts on the S&P 500 to hedge the risk. The current level of the index

1is 1,250, one contract is on 250.times the index, the risk-free rate is 6% per annum, and

the dividend yield on the index is 3% per annum. The current 3-month futures price is

1259.

(a) What position should the fund manager take to hedge all exposure to the market over
the next 2 months?

(b) Calculate the effect of your strategy on the fund manager’s returns if the index in
2 months is 1,000, 1,100, 1,200, 1,300, and 1,400. Assume that the 1-month futures
price is 0.25% higher than the index level at this time.

It is now October 2007. A company anticipates that it will purchase 1 million pounds of
copper in each of February 2008, August 2008, February 2009, and August 2009. The
company has decided to use the futures contracts traded in the COMEX division of the
New York Mercantile Exchange to hedge its risk. One contract is for the delivery of
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25,000 pounds of copper. The initial margin is $2,000 per contract and the maintenance
margin is $1,500 per contract. The company’s policy is to hedge 80% of its exposure.
Contracts with maturities up to 13 months into the future are considered to have sufficient
liquidity to meet the company’s needs. Devise a hedging strategy for the company. Do not

~ make the tailing adjustment described in Section 3.4.

Assume the market prices (in cents per pound) today and at future dates are as follows

Sept. 2009 futures price

. Date Oct.'2007 - Feb. 2008 Aug. 2008 Feb. 2009 Aug. 2009
Spot price 372.00 369.00 365.00 377.00 388.00
. Mar. 2008 futures price 37230 369.10 ’
Sept. 2008 futures price ~ 372.80 370.20 364.80
Mar. 2009 futures price 370.70 364.30 376.70

364.20 376.50 388.20

What is the impact of the strategy you propose on the price the company pays for copper?
What is the initial margin requirement in October 20077 Is the company subject to any

margin calls?



Hedging Strategies Using Futures - 71

APPENDIX

PROOF OF THE MINIMUM VARIANCE HEDGE RATIO
FORMULA

Suppose we expect to sell N4 units of an asset at time t, and choose to hedge at time ¢,
by shorting futures contracts on Ny units of a similar asset. The hedge ratio, which we
will denote by h, is ~

h=—f | (3A.1)

We will denote the total amount realized for the asset when the profit or loss on the
hedge is taken into account by Y, so that

Y= 8N4 — (F,— F))Np
or
Y =8Ny + (S~ )Ny — (F, — F))Np - - (3A2)

N

where S; and S, are the asset prices at times ¢, and t,, and F| and F, are the futures
prices at times ¢; and ¢,. From equation (3A.1), the expression for ¥ in equation (3A 2)
can be written :
Y= SINA-l—NA(AS——hAF) (3A.3)
where

| AS=S2—S] and AF=F2—F1

Because S, and N, are known at time ¢, the variance of Y in equation (3A.3) is
minimized when the variance of AS — h AF is minimized. The variance of AS — h AF is

V= J§ +hPo% = 2hpogop
where og, oF, and p are as defined in Section 3.4, so that

dv 2

— =2ho} —2p050

T F—4Pp0s0Op

Setting this equal to zero, and noting that d 2y/dh® is positive, we see that the value of h
that mmlmlzes the variance is h = pog/or.






4.1

rin ~ Interest Rates

Interest rates are a factor in the valuation of virtually all derivatives and will feature
prominently in much of the material that will be presented in the rest of this book. This
chapter deals with some fundamental issues concerned with the way interest rates are
measured and analyzed. It explains the compounding frequency used to define an
interest rate and the meaning of continuously compounded interest rates, which are
used extensively in the analysis of derivatives. It covers zero rates, par yields, and yield
curves, discusses bond pricing, and outlines a procedure commonly used by a derivatives
trading desk to calculate zero-coupon Treasury interest rates. It also covers forward
rates and forward rate agreements and review different theories of the ternr structure of
interest rates. Finally, it explains the use of duration and convexity measures to
determine the sensitivity of bond prices to interest rate changes.

Chapter 6 will cover interest rate futures and show how the duration measure can be
used when interest rate ‘exposures are hedged. For ease of “exposition, day count
conventions will be ignored throughout this chapter. The nature of these conventions
and their impact on calculations will be discussed in Chapters 6 and 7.

TYPES OF RATES

An interest rate in a particular situation defines the amount of money a borrower
promises to pay the lender. For any given currency, many different types of interest rates
are regularly quoted. These include mortgage rates, deposit rates, prime borrowing
rates, and so on. The interest rate applicable in a situation depends on the credit risk.
This is the risk that there will be a default by the borrower of funds, so that the interest

- and principal are not paid to the lender as promised. The higher the credit risk, the

higher the interest rate that is promised by the borrower.

Treasury Rates

Treasury rates are the rates an investor earns on Treasury bills and Treasury bonds. These
are the instruments used by a government to borrow in its own currency. Japanese
Treasury rates are the rates at which the Japanese government borrows in yen; US
Treasury rates are the rates at which the US government borrows in US dollars; and so

73
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on. It is usually assumed that there is no chance that a government will default on an
obligation denominated in its own currency. Treasury rates are therefore totally risk-free
rates in the sense that an investor who buys a Treasury bill or Treasury bond is certain
that interest and principal payments will be made as promised.

Treasury rates are important because they are used to price Treasury bonds and are

- sometimes used to define the payoff from a derivative. However, derivatives traders

(particularly those active in the over-the-counter market) do not usually use Treasury
rates as risk-free rates. Instead they use LIBOR rates.-

LIBOR

_LIBOR is short for London Interbank Offered Rate. A LIBOR quote by a particular

bank is the rate of interest at which the bank is prepared to make a large wholesale
deposit with other banks. Large banks and other financial institutions quote LIBOR in
all major currencies for maturities up to 12 months: 1-month LIBOR is the rate at which
1-month deposits are offered, 3-month LIBOR is the rate at which 3-month deposits are
offered, and so on.

A deposit with a bank can be regarded as a loan to that bank. A bank must therefore

 satisfy certain creditworthiness criteria in order to be able to accept a LIBOR quote

from another bank so that it receives deposits from that bank at LIBOR. Typically it
must have a AA credit rating.'

AA-rated financial institutions regard LIBOR as their short-term opportunity cost
of capital. They can borrow short-term funds at the LIBOR quotes of other financial
institutions. Their own LIBOR quotes determine the rate at which surplus funds are
lent to other financial institutions. LIBOR rates are not totally free of credit risk.
There is a small chance that a AA-rated financial institution will default on a short-
term LIBOR loan. However, they are close to risk-free. Derivatives traders regard
LIBOR rates as a better indication of the “true” risk-free rate than Treasury rates,
because a number of tax and regulatory issues cause Treasury rates to be artifically
low (see Business Snapshot 4.1). To be consistent with the normal practice in deriva-
tives markets, the term “risk-free rate” in this book should be interpreted as the
LIBOR rate.?

In addition to quoting LIBOR rates, large banks also quote LIBID rates. This is the
London Interbank Bid Rate and is the rate at which they will accept deposits from other
banks. At any specified time, there is usually a small spread between the quoted LIBID
and LIBOR rates (with LIBOR higher than LIBID). The rates themselves are determined
by active trading between banks and are continually changing so that the supply of funds
in the interbank market equals the demand for funds in that market. For example, if
more banks want to borrow US dollars for 3 months than lend US dollars for 3 months,
the 3-month US LIBID and LIBOR rates quoted by banks will increase. Similarly, if
more banks want to lend 3-month funds than borrow these funds, the 3-month LIBID
and LIBOR rates will decrease. LIBOR and LIBID trade in what is known as the
Eurocurrency market. This market is outside the control of any one government.

! As explained in Chapter 22, the best credit rating given to a company by the rating agency S&P is AAA.
The second best is AA. The corresponding ratings from the rival rating agency Moody’s are Aaa and Aa,
respectively.

‘2 As'we shall see in Chapters 6 and 7, it is more accurate to say that the risk-free rate should be interpreted as

the rate derived from LIBOR, swap, and Eurodollar futures quotes.
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4.2

Business.Snapsh'Ot 41 What Is the- Risk-Fr'eeuRate?" SRR

It is natural to assume that the rates on Treasury brlls and Treasury bonds are the
correct benchmark risk-free rates ‘for derivative traders workmg for: ﬁnanc1a1 1nst1tu-
tions. In fact, these denvatrve traders ‘usually use LIBOR rates as short-term risk- free
-rates Th1s is because they regard LIBOR as the1r opportumty cost _of'caprtal (see

because

1 Treasury bllls and Treasury bonds must be purchased'by ﬁnancral-mstltutrons
 to fulfill a variety of regulatory requrrements This increases demand for these
_ Treasury mstruments drrvmg the price up: and the yield down

2. The amount of cap1ta1 a bank is required to hold:to’ support?'__an investm nt in:
Treasury bills and- bonds is substantrally smaller-than the: capital’ requrred to’
o support a similar. mvestment in other mstruments w1th very:| low risk. . '

3, In the United States ‘Treasury instruments are given a favorable tax treatment
. compared with most other fixed-income mvestments because they are not taxed _
at the state level. - .

LIBOR is approxrmately equal to the short-terrn borrowmg rate of a AA- rated
company. It is therefore not a perfect proxy for the risk-free rate. There'is a- small
chance that a AA borrower will default within the life ofa LIBOR loan Neverthelé‘s‘s"
traders feel it is the best proxy for them to-use. LIBOR rates are quoted out'to:
12 months. As Chapters 6 and 7 show, the Eurodollar futures market and the swap-
market are used to extend the trader’s proxy for the risk-frée rate beyond 12 months.

Repo Rates

Sometimes trading activities are funded with a repo or repurchase agreement. This is a
contract where an investment dealer who owns securities agrees to sell them to another
company now and buy them back later at a slightly higher price. The other company is
providing a loan to the investment dealer. The difference between the price at which the
securities are sold and the price at which they are repurchased is the interest it earns.
The interest rate is referred to as the repo rate. If structured carefully, the loan involves
very little credit risk. If the borrower does not honor the agreement, the lending
company simply keeps the securities. If the lending company does not keep 'to its side
of the agreement, the original owner of the securities keeps the cash.

The most common type of repo is an overnight repo, in which the agreement is
renegotiated each day. However, longer-term arrangements, known as term repos, are
sometimes used.

MEASURING INTEREST RATES

A statement by a bank that the interest rate on one-year deposits is 10% per annum
sounds straightforward and unambiguous. In fact, its precise meaning depends on the
way the interest rate is measured.
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Table 4.1 Effect of the compounding frequency- on the
value of $100 at the end of 1 year when the interest rate -
is 10% per annum. -

Compounding frequency : Value of $100

: at end of year (8)
Annually m=1) - 110.00
Semiannually (m = 2) - 110.25
Quarterly (m = 4) 110.38
Monthly (m =12) 110.47
Weekly (m = 52) _ 110.51

Da11y (m= 365) ' 110.52

If the interest rate is measured with annual compounding; the bank’s stateinent that
the interest rate is 10% means that $100 grows to

$100 x 1.1 = $110

at the end of 1 year. When the interest rate is measured with semiannual compounding,
it means that 5% is earned every 6 months, with the interest being reinvested. In this

case $100 grows to
$100 x 1.05 x 1.05 = $110.25

4t the end of 1 year. When the interest rate is measured with quarterly compounding,

the bank’s statement means that 2.5% is earned every 3 months, with the interest being
reinvested. The $100 then grows to

mmemfzmw%

at the end of 1 year. Table 4. 1 shows the effect of increasing the compounding frequency
further.

The compounding frequency defines the units in which an interest rate is measured. A
rate expressed with one compounding frequency can be converted into an equivalent
rate with a different compounding frequency. For example, from Table 4.1 we see that
10.25% with annual compounding is equivalent to 10% with semiannual compound-
ing. We can think of the difference between one compounding frequency and another to
be analogous to the difference between kilometers and miles. They are two different
units of measurement.

To generalize our results, suppose that an amount A is invested for # years at an
interest rate of R per annum. If the rate is compounded once per annum, the terminal

value of the investment is
A(L+R)"

If the rate is compounded m times per annum, the terminal value of the investment is
’ R mn
Al 14—
( | + m) | 4.1)

When m = 1, the rate is sometimes referred to as the equivalent annual interest rate.
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Conﬁnuods Compounding

The limit as the compounding frequency, m, tends to infinity is known as continuous
compounding.’ With continuous compounding, it can be shown that an amount A
invested for n years at rate R grows to

Ak . 4.2)

- where e = 2.71828. The exponential function, €*, is built into mOSt calculators, so the
computation of the expression in equation (4.2) presents no problems. In the example in
Table 4.1, A=100, n=1, and R=0.1, so that the value to which A grows with
contmuous compoundmg is

100e*! = $110.52

This is (to two decimal places) the same as the value with daily compounding. For most
" practical purposes, continuous compounding can be thought of as being equivalent to
" daily compounding. Compounding a sum of money at a continuously compounded rate
R for n years involves multiplying it by ek ". Discounting it at a contmuously com-
~ pounded rate R for n years involves multiplying by e ke,
In this book, interest rates will be measured with continuous compounding except
" where stated otherwise. Readers used to working with interest rates that are measured
with annual, semiannual, or some other compounding frequency may find this a little
strange at first. However, continuously compounded interest rates are used to such a great
extent in pricing derivatives that it makes sense to get used to working with them now. -
Suppose that R is a rate of interest with continuous compounding and R,, is the
equivalent rate with compounding m times per annum. From the results in equa-

tions (4.1) and (4.2), we have _
Ad" = A(l +5"1> |
_ m

R. m
efe = (1-1—-—'")
_ m

&=mm0+ﬁﬂ 4.3)
. m .

or
This means that

and _
R, =m(&™ —1) T 44
These equations can be used to convert a rate with a compounding frequency of m times
per annum to a continuously compounded rate and vice versa. The natural logarithm
function Inx, which is built into most calculators, is the inverse of the exponential
function, so that, if y =Inx, then x =¢’.
Example 4.1 _
Consider an interest rate that is quoted as 10% per annum with semiannual
compounding. From equation (4.3) with m = 2 and R, = 0.1, the equivalent rate

3 Actuaries sometimes refer to a continuously compounded rate as the force of interest.
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with continuous compounding is

- 21n(1'+'%—1) = 0.09758

or 9.758% pef annum.
Example 4.2

Suppose that a lender quotes the interest rate on loans as 8% per annum with ‘
continuous compounding, and that interest is actually paid quarterly. From
equation (4.4) with m =4 and R, =0.08, the equivalent rate with quarterly
compounding is ‘ '

4 x ("B _ 1) = 0.0808

or 8.08% per annum. This means that on a $1,000 loan, interest payments of
$20.20 would be required each quarter.

ZERO RATES

The n-year zero-coupon interest rate is the rate of interest earned on an investment that
starts today and lasts for n years. All the interest and principal is realized at the end of
n years. There are no intermediate payments. The n-year zero-coupon interest rate is
sometimes also referred to as the n-year spot rate, the n-year zero rate, or just the n-year
zero. Suppose a S-year zero rate with continuous compounding is quoted as 5% per
annum. This means that $100, if invested for 5 years, grows to

100 x 29 = 128.40

Most of the interest rates we observe directly in the market are not pure zero rates.
Consider a 5-year government bond that provides a 6% coupon. The price of this bond
does not by itself determine the 5-year Treasury zero rate because some of the return on

-the bond is realized in the form of coupons prior to the end of year 5. Later in this

chapter we will discuss how we can determine Treasury zero rates from the market
prices of coupon-bearing bonds.

BOND PRICING

Most bonds pay coupons to the holder periodically. The bond’s principal (which is also
known as its par value or face value) is paid at the end of its life. The theoretical price
of a bond can be calculated as the present value of all the cash flows that will be
received by the owner of the bond. Sometimes bond traders use the same discount rate
for all the cash flows underlying a bond, but a more accurate approach is to use a
different zero rate for each cash flow.

To illustrate this, consider the situation where Treasury zero rates, measured with
continuous compounding, are as in Table 4.2. (We explain later how these can be
calculated.) Suppose that a 2-year Treasury bond with a principal of $100 provides
coupons at the rate of 6% per annum semiannually. To calculate the present value of
the first coupon of $3, we discount it at 5.0% for 6 months; to calculate the present
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Table 4.2 Treasury zero rates.

Maturity (years) Zero rate (%)
~ (continuously compounded)
0.5 : 5.0
1.0 ' 5.8
1.5 6.4
2.0 | 6.8

~ value of the second coupon of $3, we discount it at 5.8% for 1 year; and so on.
Therefore the theoretical price of the bond is

36—0.05x0.5 + 3e—0.058x1.0 + 36—0.064x1.5 + 1036—-0.068x2.0 = 9839
or $98:39. o

Bond Yield _

A bond’s yield is the single discount rate that, when applied to all cash flows, gives a
bond price equal to its market price. Suppose that the theoretical price of the bond we
have been considering, $98.39, is also its market value (i.e., the market’s price of the

bond is in exact agreement with the data in Table 4.2). If y is the yield on the bond,
expressed with continuous compounding, it must be true that

36705 4 3710 1 3015 4 103020 < g 3

This equation can be solved using an iterative (“trial and error”) procedure to give
y=6.76%.* ' -

Par Yield

The par yield for a certain bond maturity is the coupon rate that causes the bond price to
equal its par value. (The par value is the same as the principal value.) Usually the bond is
assumed to provide semiannual coupons. Suppose that the coupon on a 2-year bond in
our example is ¢ per annum (or 3¢ per 6 months). Using the zero rates in Table 4.2, the
value of the bond is equal to its par value of 100 when

% o~ 005%05 +% ¢~0058x1.0 +§ ¢ ~006XLS | (100 +_§_) ¢~0068x20 _ 160

This equation can be solved in a straightforward way to give ¢ = 6.87. The 2-year par
yield is therefore 6.87% per annum with semiannual compounding (or 6.75% with
continuous compounding).

More generally, if d is the present value of $1 received at the maturity of the bond,
A is the value of an annuity that pays one dollar on each coupon payment date, and m

4 One way of solving nonlinear equations of the form f(y) = 0, such as this one, is to use the Newton-Raphson
method. We start with an estimate yy of the solution and produce successively better estimates yy, y,, ys,...
using the formula yip1 = y; — f(3:)/f'(3;), where f'(y) denotes the derivative of f with respect to y.
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is the number of coupon payments per year, then the par yield ¢ must satisfy

100 = A=+ 100d
m
so that
(100 100d)m
= -
In our example, m =2, d = e’°‘°68"_2_= 0.87284, and

A= e—0.05x0.5 + e—_0.058x1.0 + e—0.064x1.5 +e—0.068x2.0 =3.70027

' The formula confirms that the par yield is 6.87% per annum. Note that this is a rate

expressed with semiannual compounding (and paid every 6 months). With continuous
compounding, it would be 6.75% per annum..

DETERMINING TREASURY ZERO RATES

One way of determining Treasury zero rates such as those in Table 4.2 is to observe the
yields on “strips”. These are zero-coupon bonds that are synthetically created by traders
when they sell coupons on a Treasury bond separately from the principal.

Another way to determine Treasury zero rates is from Treasury bills and coupon-
bearing bonds. The most popular approach is known as the bootstrap method. To

~ illustrate the nature of the method, consider the data in Table 4.3 on the prices of five

bonds. Because the first three bonds pay no coupons, the zero rates corresponding to
the maturities of these bonds can easily be calculated. The 3-month bond provides a
return of 2.5 in 3 months on an initial investment of 97.5. With quarterly compounding,
the 3-month zero rate is (4 x 2.5)/97.5 = 10.256% per annum. Equation (4.3) shows

‘that, when the rate is expressed with continuous compounding, it becomes

: 1025
4ln<1 +g12—§) =0.10127

or 10.127% per annum. The 6-month bond provides a return of 5.1 in 6 months on an
initial investment of 94.9. With semiannuval compounding the 6-month rate is

Table 4.3 Data for bootstrap method.

Bond principal ~ Time to maturity ~ Annual coupon®  Bond price

(8)  (years) (%) 8

100 0.25 0 97.5
100 - 0.50 0 94.9
100 1.00 0 90.0
100 1.50 8 96.0
100 2.00 12 101.6

* Half the stated coupon is assumed to be paid every 6 months.
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(2 x 5.1)/94.9 = 10.748% per annum. Equation-(4.3) shows that, when the rate is-
expressed with continuous compounding, it becomes

1074
~21n<1+¥-78)=0.10469 :

~ or 10.469% per annum. Similarly, the 1-year rate with continuous compounding is

_ In(l +;—g) =0.10536
-or 10.536% per annum.

The fourth bond lasts 1.5 years. The payments are as follows:

6 months: $4
1 year: $4
1.5 years: $104

From our earlier calculations, we know that the discount rate for the payment at the end
of 6 months is 10.469% and that the discount rate for the payment at the end of 1 year is
10.536%. We also know that the bond’s price, $96, must equal the present value of all the
payments received by the bondholder. Suppose the 1.5-year zero rate is denoted by R. It
follows that
401046905 4 4 ~010536x10 | 104,~RXLS _ g
This reduces to '
¢ 3R = 0.85196

or
R= _ In(085196) =0.10681
_ 1.5

The 1.5-year zero rate is therefore 10.681%. This is the only zero rate that is consistent
with the 6-month rate, 1-year rate, and the data in Table 4.3.

The 2-year zero rate can be calculated similarly from the 6-month, 1-year, and
1.5-year zero rates, and the information on the last bond in Table 4.3. If R is the
2-year zero rate, then

' 6e—0.10469X0.5 + 6e—0.10536xl.0 + 6e—0.10681X1.5 + 106e—Rx2.0 =101.6

This gives R = 0.10808, or 10.808%.

Table 4.4 Continuously compounded zero rates
determined from data in Table 4.3.

Maturity Zero rate (%)
(years) (continuously compounded)
025 - , 10.127
0.50 , 10.469
1.00 10.536
1.50 10.681

200 | -~ 10.808
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Figure 4.1 Zero rates given by the bootstrap method.

11

Maturity (years)

The rates we have calculated are summarized in Table 4.4. A chart showing the zero
rate as a function of maturity is known as the zero curve. A common assumption is that
the zero curve is linear between the points determined using the bootstrap method.
(This means that the 1.25-year zero rate is 0.5 x 10.536 +0.5 x 10.681 = 10.6085% in
our example.) It is also usually assumed that the zero curve is horizontal prior to the
first point and horizontal beyond the last point. Figure 4.1 shows the zero curve for our
data using these assumptions. By using longer maturity bonds, the zero curve would be
more accurately determined beyond 2 years. _ o

In practice, we do not usually have bonds with maturities equal to exactly 1.5 years,
2 years, 2.5 years, and so on. The approach often used by analysts is to interpolate
between the bond price data before it is used to calculate the zero curve. For example, if
they know that a 2.3-year bond with a coupon of 6% sells for 98 and a 2.7-year bond
with a coupon of 6.5% sells for 99, it might be assumed that a 2.5-year bond with a
coupon of 6.25% would sell for 98.5.

FORWARD RATES

Forward interest rates are the rates of interest implied by current zero rates for periods
of time in the future. To illustrate how they are calculated, we suppose that a
particular set of zero rates are as shown in the second column of Table 4.5. The
rates are assumed to be continuously compounded. Thus, the 3% per annum rate for
1 year means that, in return for an investment of $100 today, an investor receives
100e%%*! = $103.05 in 1 year; the 4% per annum rate for 2 years means that, in
return for an investment of $100 today, the investor receives 100e%%*2 = $108.33 in
2 years; and so on.

The forward interest rate in Table 4.5 for year 2 is 5% per annum. This is the rate of
interest that is implied by the zero rates for the period of time between the end of the
first year and the end of the second year. It can be calculated from the 1-year zero
interest rate of 3% per annum and the 2-year zero interest rate of 4% per annum. It is
the rate of interest for year 2 that, when combined with 3% per annum for year 1, gives
4% overall for the 2 years. To show that the correct answer i5-5% per annum, suppose
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that $100 is invested. A rate of 3% for the first year and 5% for the second year gives
100¢*3X12951 = §108.33
at the end of the second year. A rate of 4% per annum for 2 years gives
| ' o 1006295 » o

which is also $108.33. This example illustrates the general result that when interest rates
are continuously compounded and rates in successive time periods are combined, the
overall equivalent rate is simply the average rate during the whole period. In our
example, 3% for the first year and 5% for the second year average to 4% over the
2 years. The result is only approximately true when the rates are not continuously
compounded. '

The forward rate for year 3 is the rate of interest that is implied by a 4% per annum
2-year zero rate and a 4.6% per annum 3-year zero rate. It is 5.8% per annum. The
reason is that an investment for 2 years at 4% per annum combined with an investment
for one year at 5.8% per annum gives an overall average return for the three years of
4.6% per annum. The other forward rates can be calculated similarly and are shown in
the third column of the table. In g_eneral, if R, and R, are the zero rates for maturities
T, and T, respectively, and Ry is the forward interest rate for the period of time
between T; and.T;, then '

_ R, -RT

R
F L,-T

(45)

To illustrate this formula, consider the calculation of the year-4 forward rate from the
data in Table 4.5: Ty =3, T, =4, Ry =0.046, and R, = 0.05, and the formula gives
Equation (4.5) can be written as

T,
T,—T,

RF = R2 + (R2 - R]) (46)
This shows that if the zero curve is upward sloping between T and T, so that Ry > R,
then Ry > R, (i.e., the forward rate for a period of time ending at T, is greater than the
T, zero rate). Similarly, if the zero curve is downward sloping with R, < Ry, then

Table 4.5 Calculation of forward rates.

Year Zero rate for an Forward rate
(n) n-year investment for nth year
(% per annum) (% per annum)

1 3.0

2 4.0 5.0

3 4.6 5.8

4 50 , 6.2

5

5.3 6.5
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~ per year, because interest will be- recelved at 5.3% and- pald at 3%: This. type of _

| the future will be quite different from the forward rates observed in'the market today.
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Busmess Snapshot 4. 2 Orange County s Yield Curve Plays :

Suppose an 1nvestor can borrow or lend at the rates given in Table 4.5 and thmks that
1-year interest rates will ‘not change much over.the next5 years. The investor can
borrow l-year funds and invest for 5- -years. The l-year bouowmgs can be rolled over
for further 1-year periods at the end of the first, second, third, and fourth years, If |
interest rates do stay about the same, this strategy will yield a profit of about 2.3%.

trading strategy is known as a yield curve play. The invéstor i speculatmg that rates in:

(In our example, forward rates observed in the market today for future l-year penods
-'are 5%, 5.8%, 6.2%, and 6.5%.) - - e '

- Robert Citron, the Treasurer at Orange County, used y1e1d curve plays srmdar to
the one we.have just described very-successfully in 1992 and 1993. The; profit from’
Mr. Citron’s trades became an important: conttibutor to Orange County’s budget
and he was re-elected. (No-one listened- to his- opponent m the electlon who sa1d his .
trading strategy was too risky.) - _ o : :

In 1994 Mr. Citron expanded hlS y1e1d curve plays He 1nvested heav1ly in inverse
ﬂoaters These pay a rate of interest equal to a fixed rate of interest minus a floating
rate. He also leveraged his posrtlon by bortowing in the repo- market. If short-term
interest rates had remained the same or declined he would have continued to do well.
As it happened, interest rates rose sharply during 1994. On December 1, 1994,
Orange County-announced that its investment portfolio had lost $1.5 billion and
several days later it filed for. bankruptcy protection. -

Ry < R, (i.e., the forward rate is less than the T, zero rate). Taking limits as T,
approaches T; in equation (4.6) and letting the common value of the two be T, we obtain

dR
Rr=R+T o7
where R is the zero rate for a maturity of T. The value of Ry obtained in this way is
known as the instantaneous forward rate for a maturity of T. This is the forward rate
that is applicable to a very short future time period that begins at time T. Define P(0, T)
as the price of a zero-coupon bond maturing at time T. Because P(0, T) = ¢ %", the
equation for the instantaneous forward rate can also be written as

RF = —'aiTlnP(O, T)

Assuming that the zero rates for borrowing and investing are the same (which is close to
the truth for a large financial institution), an investor can lock in the forward rate for a
future time period. Suppose, for example, that the zero rates are as in Table 4.5. If an
investor borrows $100 at 3% for 1 year and then invests the money at 4% for 2 years, the
result is a cash outflow of 100e"%*! = §103.05 at the end of year 1 and an inflow of
100e%%%2 = $108.33 at the end of year 2. Since 108.33 = 103.05¢", a return equal to the
forward rate (5%) is earned on $103.05 during the second year. Suppose next that the
investor borrows $100 for four years at 5% and invests it for three years at 4.6%. The
result is a cash inflow of 100e>%6* = $114.80 at the end of the third year and a cash
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outflow of 100e*%*# = $122.14 at the end of the fourth year. Since 122.14 = 114.80¢"%,
money is being borrowed for the fourth year at the forward rate of 6.2%.

If an investor thinks that rates in the future will be different from today’s forward
rates there are many trading strategies that the investor will find attractive (see Business
Snapshot 4.2). One of these involves entering into a contract known as a forward rate -

~ agreement. We will now discuss how this contract works and how it is valued.

FORWARD RATE AGREEMENTS

A forward rate agreement (FRA) is an over-the-counter agreement that a certain
interest rate will apply to either borrowing or lending a certain principal during a
specified future period of time. The assumption underlying the contract is that the
borrowing or lending would normally be done at LIBOR.

Consider a forward rate agreement where company X is agreeing to lend money to
company Y for the period of time between T} and T,. Define:

Ry: The rate of interest agreed to in the FRA

Rp: The forward LIBOR interest rate for the penod between times T; and T2,
calculated today’

Ry: The actual LIBOR interest rate observed in the market at time T; for the
period between times T} and T,

L; The principal underlying the contract

We will depart from our usual assumptlon of continuous compoundmg and assume

~ that the rates Rg, Rp, and Ry are all measured with a compounding frequency

reflecting the length of the period to which they apply. This means that if

T, — T, =0.5, they are expressed with semiannual compounding; if T, — T; = 0.25,

they are expressed with quarterly compounding; and so on. (This assumption corres--
ponds to the usual market practice for FRAs.)

Normally company X would earn Ry, from the LIBOR loan. The FRA means that it
will earn Rg. The extra interest rate (which may be negative) that it earns as a result of
entering into the FRA is Ry — Ry. The interest rate is set at time T} and paid-at time 7. -
The extra interest rate therefore leads to a cash flow to company X' at time T, of

L(Rg - Ry, - T) @
Similarly there is a cash flow to cdmpany Y at time T, of
L(Ry — Rg)Tr - Th) (4.8)

From equations (4.7) and (4.8), we see that there is another interpretation of the FRA.
It is an agreement where company X will receive interest on the principal between T,
and T, at the fixed rate of Ry and pay interest at the realized market rate of R,,.
Company Y will pay interest on the principal between T; and T; at the fixed rate of Ry
and receive interest at Ry.

Usually FRAs are settled at t1me T; rather than T,. The payoﬁ must then be

* LIBOR forward rates are calculated as described in Section 4.6 from the LIBOR/swap zero curve. The
latter is determined in the way described in Section 7.6.
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discounted from time T, to Ty. For company X, the payoff at time T is

LR — Ry)(T, - T)
1+ Ry(, - T)

"and, for company Y, the péyoﬂ" at time T; is.

LRy~ RY(T,~T))
1+ RM(T2 - T])

Example 4.3

Suppose that a company enters into an FRA that specifies it will receive a fixed
rate of 4% on a principal of $100 million for a 3-month period starting in 3 years.
- "If 3-month LIBOR proves to be 4.5% for the 3-month period the cash flow to the
lender will be o '
100,000,000 x (0.04 — 0.045) x 0.25 = —$125,000

at the 3.25-year point. This is equivalent to a cash flow of

125,000 '
__ W e
1 +0.045 x 0.25 $123,609

at the 3-year point. The cash flow to the party on the opposite side of the trans-

action will be +$125,000 at the 3.25-year point or +-$123,609 at the 3-year point.
(All interest rates in this example are expressed with quarterly compounding.)

Valuation

To value an FRA we first note that it is always worth zero when R, = Rp.° This is
because, as noted in Section 4.6, a large financial institution can at no cost lock in the
- forward rate for a future time period. For example, it can ensure that it earns the
forward rate for the time period between years 2 and 3 by borrowing a certain amount
of money for 2 years and investing it for 3 years. Similarly, it can ensure that it pays the
forward rate for the time period between years 2 and 3 by borrowing for a certain
amount of money for 3 years and investing it for 2 years.

Compare two FRAs. The first promises that the LIBOR forward rate Ry will be
earned on a principal of L between times T; and Ty; the second promises that Ry will be
earned on the same principal between the same two dates. The two contracts are the
same except for the interest payments received at time T;. The excess of the value of the
second contract over the first is, therefore, the present value of the difference between
these interest payments, or

L(Rx = Rp)Tp = T)e ™"

where R, is the continously compounded riskless zero rate for a maturity T.” Because
the value of the FRA where Ry is earned is zero, the value of the FRA where Ry is
earned is

Vira = L(Rg = Rp)(T, — Ty)e 2" 4.9

8 1t is usually the case that Ry is set equal to R when the FRA is first initiated.

7 Note that R, Ry, and Ry are expressed with a compounding frequency corresponding to T, — T}, whereas
R; is expressed with continuous compounding.
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Similarly, for.a company recewmg interest at the floating rate and paying interest at Ry,
the value of the FRA is

Vira = L(Rp — Ri)(Ts — Ty)e ™2 (4.10)

By comparing equations (4 7) and (4.9) or equations (4.8) and (4. 10) we see that an
FRA can be valued if we: ~

1.. Calculate the payoff on the assumption that forward rates are realized (that is, on
the assumption that Ry = Rp).

2. Discount this payoff at the risk-free rate.

Example 4.4

Suppose that LIBOR zero and forward rates are as in Table 4.5. Consider an
FRA where we will receive a rate of 6%, measured with annual compounding, on
a principal of $100 million between the end of year 1 and the end of year 2. In this
case, the forward rate is 5% with continuous compounding or 5.127% with

annual compounding. From equation (4.9), it follows that the value of the
"FRA is ' _ ’
100,000,000 x (0.06 — 0.05127)e~%%*2 — $805,800

DURATION

The duration of a bond, as its name implies, is a measure of how long on average the
holder of the bond has to wait before receiving cash payments. A zero-coupon bond
that lasts » years has a duration of n years. However, a coupon-bearing bond lasting
n years has a duration of less than n years, because the holder receives some of the cash
payments prior to year n. '

Suppose that a bond provides the holder with cash flows ¢; at time ¢; (1 < i < n). The

* bond price B and bond yield y (continuously compounded) are related by

B=) e : (4.11)
i=1 -
The duration of the bond, D, is defined as

n -yt
D= it ticie”"
B

c e—yti _
7

D=Zn:ti["

i=l1

(4.12)
This can be written

The term in square brackets is the ratio of the present value of the cash flow at time ¢
to the bond price. The bond price is the present value of all payments. The duration is
therefore a weighted average of the times when payments are made, with the weight
applied to time t; being equal to the proportion of the bond’s total present value
provided by the cash flow at time ¢;. The sum of the weights is 1.0. Note that for the
purposes of the definition of duration all discounting is done at the bond yield rate of
interest, y. (We do not use a different zero rate for each cash flow as described in
Section 4.4.)
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Table 4.6 Calculation of duration.

Time - Cash flow Present Weight Time x weight

(pears) %) . value

05 5 4709 0.050 0.025
1.0 5 4.435 0.047 0.047
1.5 5 4176 . 0.044 0.066
2.0 5 3.933 0.042 0.083
2.5 5 3.704 0.039 - 0.098
3.0 . 105 73.256 0.778 2.333

Total: 130 94.213 1.000 2.653

dB
AB=—A :
ay y 4.13)
From equation (4.11), this beconies
AB=—-Ay) cite™ | (4.14)
. =1

(Note that there is a negative relationship between B and y. When bond yields increase,
bond prices decrease. When bond yields decrease, bond prices increase.) From equa-
tions (4.12) and (4.14), the key duration relationship is obtained:

AB=-BD Ay _ (4.15)
This can be written
AB ’
5= -DAy (4.16)

Equation (4.16) is an approximate relationship between percentage changes in a bond
price and changes in its yield. It is easy to use and is the reason why duration, which
was first suggested by Macaulay in 1938, has become such a popular measure.

Consider a 3-year 10% coupon bond with a face value of $100. Suppose that the yield
on the bond is 12% per annum with continuous compounding. This means that
y=0.12. Coupon payments of $§5 are made every 6 months. Table 4.6 shows the
calculations necessary to determine the bond’s duration. The present values of the
bond’s cash flows, using the yield as the discount rate, are shown in column 3 (e.g., the
present value of the first cash flow is 57122 = 4.709). The sum of the numbers in
column 3 gives the bond’s price as 94.213. The weights are calculated by dividing the
numbers in column 3 by 94.213. The sum of the numbers in column 5 gives the duration
as 2.653 years. ' :

Small changes in interest rates are often measured in basis points. As mentioned
earlier, a basis point is 0.01% per annum. The following example investigates the
accuracy of the duration relationship in equation (4.15).
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_ Example 4.5

For the bond in Table 4. 6, the bond price, B, is 94.213 and the duratlon D,is .
2.653, so that equation (4.15) gives

AB = —94.2_13 x 2,653 Ay
or '
AB = -249.95 Ay -

When the yield on the bond increases by 10 basis points (= 0.1%), Ay = +0.001.
The duration relationship predicts that AB = —249.95 x 0.001 = —0.250, so that
the bond price goes down to 94.213 —0.250 = 93.963. How accurate is this?
Valuing the bond in terms of its yield in the usual way, we find that, when the
bond yield increases by 10 basis points to 12.1%, the bond price is

56—0.121x0.5 it 56—0.121x1.0 + 56-—0..121x].5 1 56—0.121><2.0

45¢70121x25 | 105,-0121x30 __ g3 963

which is (to three decimal places) the same as that predicted by the duration
relationship.

Modified Duration

The preceding analysis is based on the"_ajeeumptiori that y is expressed with continuous
compounding. If y is expressed with annual compounding, it can be shown that the
approximate relationship in equation (4.15) becomes '

BD Ay
"AB=———
14y

- More generally, if y is expressed with a compounding frequency of m times per year,
" then
BDA
AB= -

14+ y/m

A variable D*, defined by
D

1 +y/m

y %

is sometimes referred to as the bond’s modzﬁed duration. It allows the duration relation-
ship to be simplified to
AB = —-BD*Ay : 4.17)

when y is expressed with a compounding frequency of m times per year. The following
example investigates the accuracy of the modified duration relationship.

Example 4.6

The bond in Table 4.6 has a price of 94.213 and a duration of 2.653. The yield,
expressed with semiannual compounding is 12.3673%. The modified duration, D*,
is given by

2.653

LSO,
b 1+0.123673/2 499
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From equation (4.17), SRS
AB = -94.213 x 2.4985 Ay
or ' X
AB=-23539 Ay

When the yield (semiannually compounded) increases by 10 basis points (= 0.1%),
we have Ay = +0,001. The duration relationship predicts that we expect AB to be
—235.39 x 0.001 = —0.235, so that the bond price goes down to 94.213 — 0.235 =
93.978. How accurate is this? An exact calculation similar to that in the previous
example shows that, when the bond yield (semlannually compounded) increases by
10 basis points to 12.4673%, the bond price becomes 93.978. This shows that the
modified duration calculation gives good accuracy for small yield changes.

Another term that is sometimes used is dollar duration. This is the product of modified
duration and bond price, so that AB = —D™ Ay, where D™ is dollar duration.

Bond Portfolios

The duration, D, of a bond portfolio can be defined as a weighted average of the
durations of the individual bonds in the portfolio, with the weights being proportional
to the bond prices. Equations (4.15) to (4.17) then apply, with B being defined as the
value of the bond portfolio. They estimate the change in the value of the bond portfolio
for a small change Ay in the yields of all the bonds.

It is important to realize that, when duration is used for bond portfohos, there is an
implicit assumption that the yields of all bonds will change by approximately the same
amount. When the bonds have widely differing maturities, this happens only when there
is a parallel shift in the zero-coupon yield curve. We should therefore interpret
equations (4.15) to (4.17) as providing estimates of the impact on the price of a bond
portfolio of a small parallel shift, Ay, in the zero curve.

By choosing a portfolio so that the duration of assets equals the duration of liabilities
(ie., the net duration is zero), a financial institution eliminates its exposure to small
parallel shifts in the yield curve. It is still exposed to shifts that are either large or
nonparallel. : '

CONVEXITY

The duration relationship applies only to small changes in yields. This is illustrated in
Figure 4.2, which shows the relationship between the percentage change in value and
change in yield for two bond portfolios having the same duration. The gradients of
the two curves are the same at the origin. This means that both bond portfolios
change in value by the same percentage for small yield changes and is consistent with
equation (4.16). For large yield changes, the portfolios behave differently. Portfolio X
has more curvature in its relationship with yields than portfolio Y. A factor known as
convexity measures this curvature and can be used to improve the relationship in
equation (4.16).
A measure of convexity is
14’8 Y e

=35~ B
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Figure 4.2 Two bond portfolios with the same duration.

"AAB
B

From Taylor series expansions, we obtain a more accurate express1on than equa-
t10n (4.13), given by

dB dB
B= A
A +2dy2

This leads to

AB
— =-Day+ lo(ay)?

The convexity of a bond portfolio tends to be greatest when the portfolio provides

" payments evenly over a long period of time. It is least when the payments are

concentrated around one particular point in time. By choosing a portfolio of assets
and liabilities with a net duration of zero and a net convexity of zero, a financial
institution can make itself immune to relatively large parallel shifts in the zero curve.
However, it is still exposed to nonparallel shifts.

THEORIES OF THE TERM STRUCTURE OF INTEREST RATES

It is natural to ask what determines the shape of the zero curve. Why is it sometimes

downward sloping, sometimes upward sloping, and sometimes partly upward sloping
and partly downward sloping? A number of different theories have been proposed. The
simplest is expectations theory, which conjectures that long-term interest rates should
reflect expected future short-term interest rates. More precisely, it argues that a forward
interest rate corresponding to a certain future period is equal to the expected future zero
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interest rate for that period. Another idea, market segmentation theory, conjectures that
there need be no relationship between short-, medium-, and long-term interest rates.
Under the theory, a major investor such as a large pension fund invests in bonds of a
certain maturity and does not readily switch from one maturity to another, The short-
term interest rate is determined by supply and demand in the short-term bond market;
the medium-term interest rate is determined by supply and demand in the medium-term
bond market; and so on. _

The theory that is most appealing is liquidity preference theory, which argues that
forward rates should always be higher than expected future zero rates. The basic
assumption underlying the theory is that investors prefer to preserve their liquidity
and invest funds for short periods of time. Borrowers, on the other hand, usually prefer

. to borrow at fixed rates for long periods of time. Liquidity preference theory leads to a

situation in which forward rates are greater than expected future zero rates. It is also
consistent with the empirical result that yield curves tend to be upward sloping more
often than they are downward sloping.

The Management of Net Interest Income

To understand liquidity preference theory, it is useful to consider the interest rate risk
faced by banks when they take deposits and make loans. The net interest income of the
bank is the excess of the interest received over the interest paid and needs to be carefully
managed. _ _ o '

Consider a simple situation where a bank offers consumers a one-year and a five-
year deposit rate as well as a one-year and five-year mortgage rate. The rates are
shown in Table 4.7. We make the simplifying assumption that the expected one-year
interest rate for future time periods to equal the one-year rates prevailing in the
market today. Loosely speaking this means that the market considers interest rate
increases to be just as likely as interest rate decreases. As a result, the rates in Table 4.7
ar¢ “fair” in that they reflect the market’s expectations (i.e., they correspond to
expectations theory). Investing money for one year and reinvesting for four further
one-year periods give the same expected overall return as a single five-year investment.
Similarly, borrowing money for one year and refinancing each year for the next four
years leads to the same expected financing costs as a single five-year loan.

Suppose you have money to deposit and agree with the prevailing view that interest
rate increases are just as likely as interest rate decreases. Would you choose to deposit
your money for one year at 3% per annum or for five years at 3% per annum? The
chances are that you would choose one year because this gives you more financial
flexibility. It ties up your funds for a shorter period of time.

Table 4.7 Example of rates offered by a bank to its
customers.

Maturity (years) Deposit rate Mortgage rate

3% . 6%
5 : 3% 6% |
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Now suppose that you want a mortgage. Again you agree with the prevailing view
that interest rate increases are just as likely as interest rate decreases. Would you choose
a one-year mortgage at 6% or a five-year mortgage at 6%? The chances are that you
would choose a five-year mortgage because it fixes your borrowing rate for the next five
years and subjects you to less refinancing risk.

When the bank posts the rates shown in Table 4.7, it is likely to find that the majonty
of its customers opt for one-year deposits and five-year mortgages. This creates an
asset/liability mismatch for the bank and subjects it to risks. There is no problem if
interest rates fall. The bank will find itself financing the five-year 6% loans with
deposits that cost less than 3% in the future and net interest income will increase.

~However, if rates rise, the deposits that are financing these 6% loans will cost more than
3% in the future and net interest income will decline. A 3% rise in interest rates would
reduce the net interest income to zero.

It is the job of the asset/liability management group to.ensure that the maturities of
the assets on which interest is earned and the maturities of the liabilities on' which
interest is paid are matched. One way it can do this is by increasing the five-year rate on
both deposits and mortgages. For example, it could move to the situation in Table 4.8
where the five-year deposit rate is 4% and the five-year mortgage rate 7%. This would
make five-year deposits relatively more attractive and one-year mortgages relatively
more attractive. Some customers who chose one-year deposits when the rates were-as in
Table 4.7 will switch to five-year deposits in the Table 4.8 situation. Some customers
who chose five-year mortgages when the rates were as in Table 4.7 will choose one-year
mortgages. This may lead to the maturities of assets and liabilities being matched. If
there is still an imbalance with dep051tors tending to choose a one-year maturity and
borrowers a five-year maturity, five-year deposit and mortgage rates could be increased
even further. Eventually the imbalance will disappear. _

The net result of all banks behaving in the way we have just described is liquidity
preference theory. Long-term rates tend to be higher than those that would be predicted
by expected future short-term rates. The yield curve is upward sloping most of the time.
It is downward sloping only when the market expects a really steep decline in short-
term rates. ' .

Many banks now have sophisticated systems for monitoring the decisions being
made by customers so that, when they detect small differences between the maturities
of the assets and liabilities being chosen by customers they can fine tune the rates they
offer. Sometimes derivatives such as interest rate swaps (which will be discussed in
Chapter 7) are also used to manage their exposure. The result of all this is that net
interest income is very stable. As indicated in Business Snapshot 4.3, this has not always
been the case.

Table 4.8 Five-year rates are increased in an attempt
to match maturities of assets and liabilities.

Maturity (years) ~ Deposit rate Mortgage rate

3% 6%
5 4% 1%
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Business Snapshot 4.3 - Expensive Failures of Financial Institutions in the Us |

Throughout the }960s 1970s and 1980s; Savmgs and Loans (S&Ls) in the Umted.
States failed to manage interest rate risk well. They-tended to'take short-term deposits.
and offer long-term- fixed-rate mortgages As 2 tesilt, they were serlously hurt by

protected by :government guarantees Over 1, 700 falled in:the 1980s: A major reason
for the failures was the lack of interest rate rlsk management ‘The. total cost to the US
‘tax payer of the failures has been esttmated 10 be between $100 and $500 billion.
 The largest bank failure in the US; Contintental Ilhn01s can also be attributed toa
failure to manage interest rate risks well. During thie perlod 1980 t0 1983 its assets (i.c.,
loans) with maturities over-a year: totaled between $7: and $8 bllhon, ‘whereas. 1ts
liabilities (i.e., deposits) with maturities over a year were between $1.4and $2.5 million.

» Continental. failed in 1984 and was the subject of an: expens1ve government bailout. -

SUMMARY

Two important interest rates for derivative traders are Treasury rates and LIBOR rates.
Treasury rates are the rates paid by a government on borrowings in its own currency.
LIBOR rates are short-term lending rates offered by banks in the interbank market.
Derivatives traders assume that the LIBOR rate is a risk-free rate.

The compounding frequency used for an interest rate defines the units in which it is
measured. The difference between an annuaily compounded rate and a quarterly
compounded rate is analogous to the difference between a distance measured in miles
and a distance measured in kilometers. Traders frequently use continuous compound-
ing when analyzing the value of derivatives.

Many different types of interest rates are quoted in financial markets and calculated by
analysts. The n-year zero or spot rate is the rate applicable to an investment lasting for
n years when all of the return is realized at the end. The par yield on a bond of a certain

maturity is the coupon rate that causes the bond to sell for its par value. Forward rates are

the rates applicable to future periods of time implied by today’s zero rates.

The method most commonly used to calculate zero rates is known as the bootstrap
method. It involves starting with short-term instruments and moving progressively to
longer-term instruments, making sure that the zero rates calculated at each stage are
consistent with the prices of the instruments. It is used daily by trading desks to
calculate a Treasury zero-rate curve.

A forward rate agreement (FRA) is an over-the-counter agreement that a certain
interest rate will apply to either borrowing or lending a certain principal at LIBOR
during a specified future period of time. An FRA can be valued by assuming that
forward rates are realized and discounting the resulting payoff.

An important concept in interest rate markets is duration. Duration measures the
sensitivity of the value of a bond portfolio to a small parallel shift in the zero-coupon
yield curve. Specifically,

AB=—-BDAy

where B is the value of the bond portfolio, D is the duration of the portfolio, Ay is the
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size of a small parallel shift in the zero curve, and AB is the resultant effect on the value
of the bond portfolio.

- Liquidity preference theory can be used to explain the interest rate term structures
that are observed in practice. The theory argues that most entities like to borrow long
and lend short. To match the maturities of borrowers and lenders, it is necessary for
financial institutions to raise long-term rates so that forward interest rates are higher
than expected future spot interest rates.
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Questions and Problems (Answers in Solutions Manual)

41,

A bank quotes an interest rate of 14% per annum with quarterly compounding. What is

. .the equivalent rate with (a) continuous compounding and (b) annual compounding?

4.2.
4.3.

44.

4.5.

What is meant by LIBOR and LIBID. Which is higher?

The 6-month and 1-year zero rates are both 10% per annum. For a bond that has a life of
18 months and pays a coupon of 8% per annum (with semiannual payments and one
having just been made), the yield is 10.4% per annum. What is the bond’s price? What is
the 18-month zero rate? All rates are quoted with semiannual compounding.

An investor receives $1,100 in one year in return for an investment of $1,000 now.
Calculate the percentage return per annum with:

(a) Annual compounding '

(b) Semiannual compounding

(c) Monthly compounding

(d) Continuous compounding

Suppose that zero interest rates with continuous compounding are as follows:

Maturity (months)  Rate (% per annum)

3 8.0
6 | 8.2
9 8.4
By 8.5
15 8.6

18 8.7
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4.6.

47,

4.8.
49.

4.10.

4.11.

4.12.

4.13.

CHAPTER 4

Calculate forward interest rates for the second, third, fourth, fifth, and sixth quarters.

Assuming that zero rateés are as in Problem 4.5, what is the value of an FRA that enables
the holder to earn 9.5% for a 3-month period starting in 1 year on a principal of
$1,000,000? The interest rate is expressed with quarterly compounding.

The term structure of interest rates is upward slopmg Put the followmg in order of
magnitude:

(a) The S-year zero rate

(b) The yield on a 5-year coupon-bearing bond

(c) The forward rate corresponding to the period between 4.75 and 5 years in the future
What is the answer to this question when the term structure of interest rates is downward-
sloping?

What does duration tell you about the sensitivity of a b’ond portfolio to interest rates.
What are the limitations of the duration measure?

What rate of interest with continuous compounding is equivalent to 15% per annum with
monthly compounding?

A deposit account pays 12% per annum with continuous compounding, but interest is
actually paid quarterly. How much interest will be paid -each quarter on a $10,000
deposit?

Suppose that 6-m0nth, 12-month, 18-month, 24-month, and 30-month zero rates are,
respectively, 4%, 4.2%, 4.4%, 4.6%, and 4.8% per annum, with continuous compound-
ing. Estimate the cash price of a bond with a face value of 100 that will mature in
30 months and pays-a coupon of 4% per annum semiannually.

A 3-year bond provides a coupon of 8% semiannually and has a cash price of 104. What
is the bond’s yield?

Suppose that the 6-month, 12- month 18-month, and 24-month zero rates are 5%, 6%,

-6.5%;-and 7%, respectively. What is the 2-year par yield?

4.14.

4.15.

4.16.

4.17.

Suppose that zero interest rates with continuous compounding are as follows:

Maturity (years)  Rate (% per annum)

1 20
2. 3.0
3 3.7
4 4.2
5 4.5

Calculate forward interest rates for the second, third, foﬂrth, and fifth years.

Use the rates in Problem 4.14 to value an FRA where you will pay 5% (compounded
anually) for the third year on $1 million.

A 10-year 8% coupon bond currently sells for $90. A 10-year 4% coupon bond currently
sells for $80. What is the 10-year zero rate? (Hins: Consider taking a long position in two
of the 4% coupon bonds and a short position in one of the 8% coupon bonds.)

Explain carefully why liquidity preference theory is consistent with the observation that
the term structure of interest rates tends to be upward-sloping more often than it is
downward-sloping. .
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4.18.

4.19.

4.20.
4.21.

4.22.

4.23.

“When the zero curve is upward-sloping, the zero rate for a particular maturity is greater

‘than the par yield for that maturity, When the zero curve is downward -sloping the reverse

is true.” Explain why this is so.
Why are US Treasury rates significantly lower than other rates that are close to risk-free?
Why does a loan in the repo market involve very little credit risk?

Explain why an FRA is equivalent to the exchange of a floating rate of interest for a fixed
rate of interest.

A S-year bond with a yield of 11% (contmuously compounded) pays an 8% coupon at

the end of each year.

(@) What is the bond’s price?

(b) What is the bond’s duration?

(c) Use the duration to calculate the effect on the bond’s price of a 0.2% decrease in its
yield. :

(d) Recalculate the bond’s price on the basis of a 10.8% per annum yield and verify that
the result is in agreement with your answer to (c).

The cash prices of 6-month and 1-year Treasury bills are 94. 0 and 89.0. A 1.5-year bond
that will pay coupons of $4 every 6 months currently sells for $94. 84. A 2-year bond that
will pay coupons of 85 every 6 months currently sells for $97.12. Calculate the 6- month
1-year, 1.5-year, and 2-year zero rates.

Assignment Questions

4.24.

4.25.

An interest rate is quoted as 5% per annum with semiannual compounding. What is the

~equivalent rate with (a) annual compounding, (b) monthly compoundlng, and (c) con-

tinuous compounding.

The 6-month, 12-month, 18-month, and 24-month zero rates are 4%, 4.5%, 4.75%, and
5%, with semiannual compounding.
(a) What are the rates with continuous compounding?

. (b) What is the forward rate for the 6-month period beginning in 18 months"

4.26.

4.27.

(c) What is the value of an FRA that promises to pay you 6% (compounded semi-
annually) on a principal of $1 million for the 6-month period starting in 18 months?

What is the 2-year par yield when the zero rates are as in Problem 4.25? What is the yield
on a 2-year bond that pays a coupon equal to the par yield?

The following table gives the prices of bonds:

Bond principal  Time to maturity  Annual coupon*  Bond price

() (years) (%) ()
100 0.50 0.0 98
100 1.00 0.0 95
100 - 150 6.2 101
100 2.00 8.0 104

* Half the stated coupon is assumed to be paid every six months.

(a) Calculate zero rates for maturities of 6 months, 12 months, 18 months, and 24 months.
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(b) What are the forward rates for the following periods: 6 months to 12 months,
~ 12 months to 18 months, -and 18 months to 24 months?
(c) What are the 6-month,-12-month, 18-month, and 24-month par yields for bonds that
_ provide semiannual coupon payments?
(d) Estimate the price and yield of a 2- year bond providing a semiannual coupon of 7%
_ per annum.

Portfolio A consists of a l-year zero-coupon bond with a face value of $2,000 and a

10-year zero-coupon bond with a face value of $6,000. Portfolio B consists of a 5.95-year

zero-coupon bond with a face value of $5,000. The current yield on all bonds is 10% per

annum.

(a) Show that both portfohos have the same duration.

(b) Show that the percentage changes in the values of the two portfolios fora 0.1% per
-annum increase in yields are the same.

(c) What are the percentage changes in the values of the two portfolios for a 5% per
annum increase in yields?
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5.2

Determination of
Forward and
Futures Prices

*'In this chapter we examine how forward prices and futures prices are related to the spot

price of the underlying asset. Forward contracts are easier to analyze than futures
contracts because there is no daily settlement—only .a single payment at maturity.
Luckily it can be shown that the forward price and futures price of an asset are usually
very close when the maturities of the two contracts are the same. '

In the first part of the chapter we derive some important general results on the
relationship between forward (or futures) prices and spot prices. We then use the results
to examine the relationship between futures prices and spot prices for contracts on stock
indices, foreign exchange, and commodities. We will consider interest rate futures
contracts in the next chapter.

INVESTMENT ASSETS vs. CONSUMPTION ASSETS -

When considering forward and futures contracts, it is important to distinguish between
investment assets and consumption assets. An investment asset is'an_ asset that is held
for investment purposes by significant numbers of investors. Stocks and bonds are
clearly investment assets. Gold and silver are also examples of investment assefs. Note
that investment assets do not have to be held exclusively for investment. (Silver, for
example, has a number of industrial uses.) However, they do have to satisfy the
requirement that they are held by significant numbers of investors solely for investment.
A consumption asset is an asset that is held primarily for consumption. It is not usually
held for investment. Examples of consumption assets are commodities such as copper,
oil, and pork bellies. _
As we shall see later in this chapter, we can use arbitrage arguments to determine

the forward and futures prices of an investment asset from its spot price and other
observable market variables. We cannot do this for consumption assets.

SHORT SELLING

Some of the arbitrage strategies presented in this chapter involve short -selling. This
trade, usually simply referred to as “shorting”, involves selling an asset that is not

99
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owned. It is something that is possible for some—but not all—investment assets. We
will illustrate how it works by considering a short sale of shares of a stock.

Suppose an investor instructs a broker to short 500 IBM shares. The broker will carry
out the instructions by borrowing the shares from another client and selling them in the
market in the usual way. The investor can maintain the short position for as long as
desired, provided there are always shares for the broker to borrow. At some stage, .
however, the investor will close out the position by purchasing 500 IBM shares. These
are then replaced in the account of the client from which the shares were: borrowed. The-
investor takes a profit if the stock price has declined and a loss if it has risen. If at any
time while the contract is open the broker is not able to borrow shares, the investor is

- forced to close out the position, even if not ready to do so.

An investor with a short position must pay to the broker any income, such as
dividends or interest, that would normally be received on the securities that have been
shorted. The broker will transfer this income to the account of the client from whom

~ the securities have been borrowed. Consider the position of an investor who shorts

500 shares in April when the price per share is $120 and closes out the position by
buying them back in July when the price per share is $100. Suppose that a dividend of
$1 per share is paid in May. The investor receives 500 x $120 = $60,000 in April when

~ the short position is initiated. The dividend leads to a payment by the investor of

500 x $1 = $500 in May. The investor also pays 500 x $100 = $50,000 for shares when
the position is closed out in July. The net gain, therefore, is

~ $60,000 — $500 — $50,000 = $9,500

Table 5.1 illustrates this example and shows that the cash flows from the short sale are
the mirror image of the cash flows from purchasing the shares in April and selling them
in July.

The investor is required to maintain a margin account with the broker. The margin
account consists of cash or marketable securities deposited by the investor with the
broker to guarantee that the investor will not walk away from the short position if the
share price increases. It is similat to the margin account discussed in Chapter 2 for

Table 5.1 Cash flows from short sale -and purchase of shares.

Purchase of shares

April: Purchase 500 shares for $120 - —$60,000
May: Receive dividend : +$500
July: Sell 500 shares for $100 per share +$50,000

Net profit = —$9,500

Short sale of shares

April: Borrow 500 shares and sell them for $120 +$60,000
May: Pay dividend o - —$500
July: Buy 500 shares for $100 per share " —$50,000

Replace borrowed shares to close short position

Net profit = +$9,500
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5.3

5.4

futures contracts. An initial margin is required and if there are adverse movements (i.c.,
increases) in theé price of the asset that is being shorted, additional margin may be
required. If the additional margin is not provided, the short position is closed out. The
margin account does not represent a cost to the investor. This is because interest is
usually paid on the balance in margin accounts and, if the interest rate offered is
unacceptable, marketable securities such as Treasury bills can be used to meet margin
requirements. The proceeds of the sale of the asset belong to the investor and normally
form part of the initial margin.

The SEC abolished the “uptick rule” in the United States on July 6, 2007. This rule
required the most recent movement in the price of a stock to be an increase for the
shorting of a stock to be perrmtted

ASSUMPTIONS AND NOTATION

In this chapter we will assume that the following are all true for some market
participants: _

1. The market participants are subject to no transaction costs when they trade.

2. The market participants are subject to the same tax rate on all net trading profits.

3. The market participants can borrow money at the same risk-free rate of interest as
they can lend money.

4, The market participants take advantage of arbitrage opportunities as they occur.
Note that we do not require these assumptions to be true for all market participants. All
that we require is that they be true—or at least approximately true—for a few key
market participants such as large derivatives dealers. It is the trading activities of these
key market participants and their eagerness to take advantage of arbitrage opportun-

ities as they occur that determine the relationship between forward and spot prices.
The following notation will be used throughout this chapter:

T: Time until delivery date in a forward or futures contract (in years)
So: Price of the asset uhderlying the forward or futures contract today
Fy: Forward or futures price today )
r: Zero-coupon risk-free rate of interest per annum, expressed with continuous
compounding, for an investment maturing at the delivery date (i.e., in T years)

The risk-free rate, r, is the rate at which money is borrowed or lent when there is no
credit risk, so that the money is certain to be repaid. As discussed in Chapter 4,

- financial institutions and other participants in derivatives markets assume that LIBOR

rates rather than Treasury rates are the relevant risk-free rates.

FORWARD PRICE FOR AN INVESTMENT ASSET

The easiest forward contract to value is one written on an investment asset that provides
the holder with no income. Non-dividend-paying stocks and zero-coupon bonds are
examples of such investment assets.
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Consider a long forward contract to' purchase a non-dividend-paying stock in
3 months.! Assume the current stock price is $40 and the 3-month risk-free interest
rate is 5% per annum.

Suppose first that the forward price is relatively high at $43. An arbitrageur can
borrow $40 at the risk-free interest rate of 5% per annum, buy one share, and short a
forward contract to sell one share in 3 months. At the end of the 3 months, the
arbitrageur delivers the share and receives $43. The sum of money required to pay
off the loan is

40¢ 0.05X3/12 = $40.50

By following this strategy, the arbitrageur locks in a profit of $43 00 — $40 50 = $2.50
at the end of the 3-month period.

Suppose next that the forward price is relatively low at $39. An arbitrageur can
short one share, invest the proceeds of the short sale at 5% per annum for 3 months,

‘and take a long position in a 3-month forward contract. The proceeds of the short

sale grow to 40¢"%*¥2 or $40.50 in. 3 months. At the end of the 3 months, the
arbitrageur pays $39, takes delivery of the share under the terms of the forward
contract, and uses it to close out the short position. A net gain of

$40.50 — $39.00 = $1.50

is therefore made at the end of the 3 months. The two trading strategies we have
considered are summarized in Table 5.2.

Under what circumstances do arbitrage opportunities such as those in Table 5.2 not
exist? The first arbitrage works when the forward price is greater than $40.50. The

Table 5.2 Arbitrage opportunities when forward price is out of line with spot
price for asset providing no income. (Asset price = $40; interest rate = 5%,
maturity of forward contract = 3 months.)

Forward Price = $43 Forward Price = $39

Action now: Action now:

Borrow $40 at 5% for 3 months Short 1 unit of asset to realize $40
Buy one unit of asset Invest $40 at 5% for 3 months
“Enter into forward contract to sell Enter into a forward contract to buy

asset in 3 months for $43 asset in 3 months for $39

Action in 3 months: _ Action in 3 months:

Sell asset for $43 ' Buy asset for $39

Use $40.50 to repay loan with interest Close short position

Receive $40.50 from investment

Profit realized = $2.50 Profit realized = $1.50

! Forward contracts on individual stocks do not often arise in practice. However, they form useful examples
for developing our ideas. Futures on individual stocks started trading in the United States in November 2002.

(
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Business Snapshot 5.1 Kidder_Peabody’s_Embarrassing'.M_is,take" N

Investment -banks have developed a yyay of creating a zero-coupon bond, called a

lying the coupon-bearing bond as a separate security. Joseph Jett, a trader workmg
for Kidder Peabody, had a relatrvely srmple tradmg strategy. He would buy strips and
sell them in'the forward market As equatron (5.1); shows, the forwald price of a'
security providing no income ‘i always higher- than ‘the ‘spot. price. Suppose;- for-
example, that the 3-month interest rate is 4% pet annum and the spot pr1ce of a str1p
is $70..The 3-month forward price.of the strip is 70e° 3012 — $70.70.

Kidder Peabody s computer system reported a proﬁt on each of Jett’s trades equal
to the excess of the forward ptice over the spot price ($0. 70 i in our example) In fact
this profit was nothing more than the cost of financing the purchase of the strip. But,
by rolling - his contracts forward Jett was able to prevent thlS cost from aocrumg‘
to him. : :

“The result was that the system rep01ted a proﬁt of $100 m1lhon on Jett s tradmg
(and Jett received a big bonus) when in fact there was a loss inthe region . of
$350 million. This shows -that even large ﬁnanc1al 1nst1tut10ns can get relat1vely
simple things wrong! -

" second arbitrage works when the forward price is less than $40.50. We deduce that for

there to be no arbitrage the forward price must be exactly $40.50.

A Generalization
To generalize this example, we consider a forward contract on an investment asset with

price S, that provides no income. Using our notation, T is the time to maturity, r is the
risk-free rate, and F is the forward price. The relationship between F and S; is

Fy = e’ (.1)

If Fy > Sy¢’", arbitrageurs can buy the asset and short forward contracts on the asset. If
Fy < Sy¢'", they can short the asset and enter into long forward contracts on it.2 In our
example, Sy = 40, r = 0.05, and T = 0.25, so that equation (5.1) gives

Fy = 40”02 — $40.50

which is in agréement with our earlier calculations.

A long forward contract and a spot purchase both lead to the asset being owned at
time T. The forward price is higher than the spot price because of the cost of financing
the spot purchase of the asset during the life of the forward contract. This point was
overlooked by Kidder Peabody in 1994, much to its cost (see Business Snapshot 5.1).

2 For another way of seeing that equation (5.1) is correct, consider the following strategy: buy one unit of the
asset and enter into a short forward contract to sell it for Fy at time T. This costs Sy and is certain to lead to a
cash inflow of Fy at time T. Therefore Sy must equal the present value of Fy; that is, So = Fpe™7, or
equivalently Fy = S¢e'™.
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Example 5.1

Consider a 4-month forward contract to buy a-zero-coupon bond that will mature
1 year from today. (This means that the bond will have 8 months to go when the
forward contract matures.) The current price of the bond is $930. We assume that
the 4-month risk-free rate of interest (continuously compounded) is 6% per an-
num. Because zero-coupon bonds provide no income, we can use equation (5 1)
with T =4/12, r = 0.06, and Sy = 930. The forward pnce F, is given by

Fy = 930¢%94/12 = §948 79

This would be the delivery price in a contract negotiated today.

What If Short Sales Afe Not Pbééible? “

Short sales are not possible for all investment assets. As it happens, this does not
matter. To derive equation (3.1), we do not need to be able to short the asset. All that
we require is that there be a significant number of people who hold the asset purely for
investment (and by definition this is always true of an investment asset). If the forward
price is too low, they will find it attractive to sell the asset and take a long position ina
forward contract. :

' Suppose the underlymg asset is gold and assume no storage costs or income. If
Fy > S¢'", an investor can adopt the following strategy:

1= Borrow $y dollars at an interest rate r for T years.

2. Buy 1 ounce of gold.

3. Short a forward contract on 1 ounce of gold.
At time T, 1 ounce of gold is sold for Fy. An amount Sye”” is required to repay the loan
at this time and the investor makes a profit of Fy — Sye””.

Suppose next that Fy < Sye’” . In this case an investor who owns 1 ounce of gold can

1. Sell the gold for Sp.

2. Invest the proceeds at interest rate r for time T.

3. Take a long position in a forward contract on 1 ounce of gold.
At time T, the cash invested has grown to Spe’” . The gold is repurchased for F and the
investor makes a profit of Spe’” — Fy relative to the position the investor would have
been in if the gold had been kept.

As in the non-dividend-paying stock example considered earlier, we can expect the

forward price to adjust so that neither of the two arbitrage opportunities we have
considered exists. This means that the relationship in equation (5.1) must hold.

" KNOWN INCOME

In this section we consider a forward contract on an investment asset that will provide a
perfectly predictable cash income to the holder. Examples are stocks paying known
dividends and coupon-bearing bonds. We adopt the same approach as in the previous
section. We first look at a numerical example and then review the formal arguments.
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* Consider a long forward contract to purchase a coupon-bearing bond whose current
price is $900. We will suppose that the forward contract matures in 9 months. We will
also suppose that a coupon payment of $40 is expected after 4 months. We assume that
the 4-month and 9-month risk-free interest rates (continuously compounded) are,
respectively, 3% and 4% per annum.

Suppose first that the forward price is relatively high at $910. An -arbitrageur can
borrow $900 to buy the bond and short a forward contract. The coupon payment has a
present value of 40093412 339 60. Of the $900, $39.60 is therefore borrowed at
3% per annum for 4 months so that it can be repaid with the coupon payment. The
remaining $860.40 is borrowed at 4% per annum for 9 months. The amount owing at
the end of the 9-month period is 860.40¢™**% = §886.60. A sum of $910 is received
for the bond under the terms of the forward contract The arbitrageur therefore makes
a net profit of

910.00 — 886.60 = $23.40

Suppose next that the forward price is relatively low at $870. An investor can short the
bond and enter into a long forward contract. Of the $900 realized from shorting the
bond, $39.60 is invested for 4 months at 3% per annum so that it grows into an amount
sufficient to pay the coupon on the bond. The remaining $860.40 is invested for
9 months at 4% per annum and grows to $886.60. Under the terms of the forward
contract, $870 is paid to buy the bond and the short posmon is closed out. The investor
therefore gains -

- 886.60 — 870 = $16.60

The two strategies we have considered are summarized in Table 5.3.> The first strategy in
Table 5.3 produces a profit when the forward price is greater than $886.60, whereas the
second strategy produces a profit when the forward price.is Jess than $886.60. It follows
that if there are no arbitrage opportunities then the forward price must be $886.60.

A Generalization

~ We can generalize from this example to argue that, when an investment asset will
provide income with a present value of I during the life of a forward contract, we have

Fy=(S—De” (5 2)
In our example Sp = 900.00, I = 4042 = 39.60, r = 0.04, and T = 0.75, 50 that
= (900.00 — 39.60)e>*07 = — $886.60

This is in agreement with our earlier calculation. Equatlon (5.2) applies to any investment
asset that provides a known cash income.

If Fy> (S, — D, an arbitrageur can lock in a profit by buying the asset and
shorting a forward contract on the asset; if Fy < (S, — De'”, an arbitrageur can lock
in a profit by shorting the asset and taking a long position in a forward contract. If

i shorting the bond is not bosmble investors who already own the bond will sell it and buy a forward
contract on the bond increasing the value of their position by $16: 60 This is similar to the strategy we
described for gold in Section 5.4. )
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Table 5.3 Arbitrage opportunities when 9-month forward price is out of line with
spot price for asset providing known cash income. (Asset price = $900; income of
$40 occurs at 4 months; 4-month and 9-month rates are, respectlvely, 3% and 4%

per annum.)

Forward price = $910 Forward pricé = $870

Action now: Action now:

Borrow $900: $39.60 for 4 months -Short 1 unit of asset to realize $900
and $860.40 for 9 months Invest $39.60 for 4 months

Buy 1 unit of asset
Enter into forward contract to sell
asset in 9 months for $910

Action in 4 months:

Receive $40 of income on asset

Use $40 to repay first loan
with interest

Action in 9 months:
Sell asset for $910

Use $886.60 to repay second loan
with interest

and $860.40 for 9 months
Enter into a forward contract to buy
asset in 9 months for $870
Action in 4 months: _
Receive $40 from 4-month investment
Pay income of $40 on asset

Action in 9 months:

~ Receive $886.60 from 9-month investment

Buy asset for $870
Close out short position

Profit realized = $23.40

Profit realized. = $16.60

short sales are not possible, investors who own the asset will find it profitable to sell the
asset and enter into long forward contracts

‘Example 5.2

Consider a 10-month forward contract on a stock when the stock price is $50. We
assume that the risk-free rate of interest (continuously compounded) is 8% per
annum for all maturities. We also assume that dividends of $0.75 per share are
expected after 3 months, 6 months, and 9 months. The present value of the

:dividends, I, is

I ;:~0.75e—0.08x3/12 + 0.75e—0.08x6/12 + 0.756_0'08)(9/12 =2.162

The variable T is 10 months, so that the forward price, F, from equation (5.2), s
given by

Fy = (50 — 2.162)* %1912 = g51 14
If the forward price were less than this, an arbitrageur would short the stock and

buy forward contracts. If the forward price were greater than this, an arbitrageur
would short forward contracts and buy the stock in the spot market.

* For another way of-seeing that equation (5.2) is correct, consider the following strategy: buy one unit of the
asset and enter into a short forward contract to sell it for Fy at time T This costs So and is certain to lead to a
cash inflow of F at time T and an income with a present value of /. The initial outflow is Sy, The present

value of the inflows is I + Fye™T. Hence, Sy =

1+ Foe™™, or equivalently Fy = (S — De'”.
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5.6

5.7

KNOWN YIELD

We now consider the situation where the asset underlying a forward contract provides a
known yield rather than a known cash income. This means that the income is known
when expressed as a percentage of the asset’s price at the time the income is paid.
Suppose that an asset is expected to provide a yield of 5% per annum. This could mean

_that income is paid once a year and is equal to 5% of the asset price at the time it is paid,

in which case the yield would be 5% with annual compounding. Alternatively, it could
mean that income is paid twice a year and is equal to 2.5% of the asset price at the time
it is paid, in which case the yield would be 5%. per annum with semiannual compound-
ing. In Section 4.2 we explained that we will normally measure interest rates with
continuous compounding. Similarly, we will normally measure yields with continuous
compounding. Formulas for translating a yield measured with one compounding

frequency to a yield measured with another compounding frequency are the same as

those given for interest rates in Section 4.2.
Define g as the average yield per annum on an asset during the life of a forward
contract with continuous compounding. It can be shown (see Problem 5.20) that

Fy = See"™9" : (5.3)
Example 5.3

- Consider a 6-month forward contract on an asset that is expected to provide
income equal to 2% of the asset price ence during a 6-month period. The risk-
free rate of interest (with continuous compounding) is 10% per annum. The asset
price is $25. In this case, So =25, r=0.10, and T =0.5. The yield is 4% per
annum with semiannual compounding. From equation (4.3), this is 3.96% per
annum with continuous compounding. It follows that ¢ = 0.0396, so that from
equation (5.3) the forward price, Fy, is given by

FQ — 256(0.10—0.0396)X0.5 — $2577

VALUING FORWARD CONTRACTS

The value of a forward contract at the time it is first entered into is zero. At a later
stage, it may prove to have a positive or negative value. It is important for banks and
other financial institutions to value the contract each day. (This is referred to as
marking to market the contract.) Using the notation introduced earlier, we suppose
K is the delivery price for a contract that was negotiated some time ago, the delivery
date is T years from today, and r is the T-year risk-free interest rate. The variable Fy is
the forward price that would be applicable if we negotiated the contract today. We also
define

f: Value of forward contract today

It is important to be clear about the meaning of the variables Fy, K, and f. At the
beginning of the life of the forward contract, the delivery price, K, is set equal to the

forward price, Fy, and the value of the contract, f, is 0. As time passés, K stays the
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same (because it is part of the definition of the contract), but the forward price changes
and the value of the contract becomes either positive or negative.

A general result, applicable to all long forward contracts (both those on investment
assets and those on consumption assets) i

f=(F~KeT | | (5.4)

To see why equation (5.4) is correct, we use an argument analogous to the one we used
for forward rate agreements in Section 4.7. We compare a long forward contract that
has a delivery price of Fy with an otherwise identical long forward contract that has a
delivery price of K. The difference between the two is only in the amount that will be
paid for the underlying asset at time T. Under the first contract, this amount is Fy;
under the second contract, it is K. A cash outflow difference of Fy— K at time T
translates to a difference of (Fy — K)e™™ today. The contract with a delivery price Fj is

“therefore less valuable than the contract with- delivery price K by an amount

(Fy — K)e™T. The value of the contract that has a delivery price of F; is by definition
zero. It follows that the value of the contract with a delivery price of K is (Fy — K)e™".
This proves equation (5.4). Similarly, the value of a short forward contract with delivery
price K is

(K~ Fy)e ™"

Example 5.4

A long forward contract on a non-d1v1dend -paying stock was entered into some
time ago. It currently has 6 months to maturity. The risk-free rate of interest (with
continuous compounding) is 10% per annum, the stock price is $25, and the
delivery price is $24. In this case, Sy =25, r=0.10, T = 0.5, and K = 24. From
equation (5.1), the 6-month forward price, Fy, is given by

Fy=25¢"170% = 82628
From equation (5.4), the value of the forward contract is
f=(2628-24)7 %% =217

Equation (5.4) shows that we can value a long forward contract on an asset by making
the assumption that the price of the asset at the maturity of the forward contract equals

the forward price F. To see this, note that when we make that assumption, a long -
- forward contract provides a payoff at time T of Fy— K. This has a present value of

(Fy — K)e™™", which is the value of f in equation (5.4). Similarly, we can value a short
forward contract on the asset by assuming that the current forward price of the asset is
realized. These results are analogous to the result in Section 4.7 that we can value a
forward rate agreement on the assumption that forward rates are realized.

Using equation (5.4) in conjunction with equation (5.1) gives the following expression
for the value of a forward contract on an investment asset that provides no income

f=5- ke | 55)

Similarly, using equation (5.4) in conjunction with equation (5.2) gives the following
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5.8

| at 1.9040, the forward trader would have contracted to biy.1. mrlhon pounds at 1.9000-

| 84,000 profit—but ifi 3 months, not today. The forward trader s proﬁt is the present

Business Snapshot 5.2 A 'Sjstems ‘Brror?

A foreign exchange trader workrng fora bank enters mto a long forward contract to
buy 1 million pounds sterhng at an exchange rate of 1:9000 in 3 months. At the same-
time, another trader on the next desk- takes a- long position in 16 contracts for
3-month- futures on sterhng The futures price i 19000 and each contract is on’
62,500 pounds The positions taken-by.the forward and futures traders are therefore
the same. Within ‘minutes of- the ‘positions be1ng taken the forward and the futures
-prices. both increase to 1. 9040, The bark’s systems’ show. that the futurés trader has
made a profit of $4, 000, while the forward trader has made a proﬁt of only $3,900.
The forward trader: 1mmed1ate1y calls the ‘bank’s systems department to complam ‘
'Does the forward trader have a valid- complamt‘? e

" “The answer is no! The daily settlement of futures contracts ensures that the futures |
trader realizes an: almost 1mmed1ate profit correspondmg to thei increase in. the futures _.
price. If the forward trader closed out the’ pos1t1on by entering into a short contract’

in 3 months and sell 1 million pounds at I. 9040 in 3 months, This would lead toa

value of $4,000. This is cons1stent with equation (54)..

The forward trader can gain some consolation from the fact that gams and losses
are treated symmetncally If the forward/futures prices dropped to 1.8960 instead of
rising to 1.9040, then the futures trader would take a loss. of $4 000 whrle the forward
trader would ‘take a loss of only §3, 900 ' :

expression for the value of a long forward contract on an investment asset that provides
a known income with present value I

f=S-1-Ke'" (5.6)

Finally, using equation (5.4) in conjunction with equation (5.3) gives the following

~ expression for the value of a long forward contract on an investment asset that provides

a known yield at rate g: : . _
F=8e T —Ke™ (.7)

When a futures price changes, the gain or loss on a futures contract is calculated as the
change in the futures price multiplied by the size of the position. This gain is realized
almost immediately because of the way futures contracts are settled daily. Equation (5.4)
shows that, when a forward price changes, the gain or loss is the present value of the
change in the forward price multiplied by the size of the position. The difference
between the gain/loss on forward and futures contracts can cause confusion on a foreign
exchange trading desk (see Business Snapshot 5.2).

ARE FORWARD PRICES AND FUTURES PRICES EQUAL?

The appendix at the end of this chapter provides an arbitrage argument to show that
when the risk-free interest rate is constant and the same for all maturities, the forward
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price for a contract with a certain delivery date is in theory the same as the futures price
for a contract with that delivery date. The argument in the appendix can be extended to
cover situations where the interest rate is 2 known function of time.

When interest rates vary unpredictably (as they do in the real world) forward and
futures prices are in theory no longer the same. We can get a sense of the nature of the
relationship by considering the situation where the price of the underlying asset, S, is

strongly positively correlated with interest rates. When S increases, an investor who

holds a long futures position makes an immediate gain because of the daily settlement
procedure. The positive correlation indicates that it is likely that interest rates have also
increased. The gain will therefore tend to be invested at a higher than average rate of
interest. Similarly, when § decreases, the investor will incur an immediate loss. This loss
will tend to be financed at a lower than average rate of interest. An investor holding a
forward contract rather than a futures contract is not affected in this way by interest rate
movements. It follows that a long futures contract will be slightly more attractive than a
similar long forward contract. Hence, when S is strongly positively correlated with
interest rates, futures prices will tend to be slightly higher than forward prices. When §
is strongly negatively correlated with interest rates, a similar argument shows that
forward prices will tend to be slightly higher than futures prices.

The theoretical differences between forward and futures prices for contracts that last
only a few months are in most circumstances sufficiently small to be ignored. In
practice, there are a number of factors not reflected in theoretical models that may
cause forward and futures prices to be different. These include taxes, transactions costs,
and the treatment of margins. The risk that the counterparty will default is generally
less in the case of a futures contract because of the role of the exchange clearinghouse.
Also, in some instances, futures contracts are more liquid and easier to trade than
forward contracts. Despite all these points, for most purposes it is reasonable to assume
that forward and futures prices are the same. This is the assumption we will usually
make in this book. We will use the symbol F; to represent both the futures price and the
forward price of an asset today.

One exception to the rule that futures and forward contracts can be assumed to be
the same concerns Eurodollar futures. This will be discussed in Section 6.3.

FUTURES PRICES OF STOCK INDICES

We introduced futures on stock indices in Section 3.5 and showed how a stock index
futures contract is a useful tool in managing equity portfolios. Table 3.3 shows futures.
prices for a number of different indices. We are now in a position to consider how index
futures prices are determined.

A stock index can usually be regarded as the price of an investment asset that pays
dividends.’ The investment asset is the portfolio of stocks underlymg the index, and the
dividends paid by the investment asset are the dividends that would be received by the
holder of this portfolio. It is usually assumed that the dividends provide a known yield
rather than a known cash income. If ¢ is the dividend yield rate, equation (5.3) gives the
futures price, Fy, as

Fy = S§pe"9" | (5.8)

3 Occasionally this is not the case: see Business Snapshot 5.3,
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Business ShaPShdt 53 The CME Nikkei 225 Futures Contract . -

The arguments in this chapter on how index futures prices are determined require that
| the index be the value of an investment asset. This means that it must be the value of a
portfolio of assets that can be traded. The asset underlymg the Chicago Mercantile
_ '--Exchange s futures contract on the N1kke1 225 Index does not qualify, and the reason
_why 18 quite subtle. ‘Suppose Sis the value of the Nikkei 225 Index. Thisis the value of
a portfolio-of 225 Japanese- stocks measured in yen, The var1able underlylng the CME |
-futures contract on the Nikkei 225 has a dollar value of 55.In other words, the futures
. ‘-_contract takes a vanable that is measured in yen and treats it as though it is dollars. -
We cannot invest in a portfoho whose vatue will always be 58 dollars. The best we |
can do is'to invest. in one that is always worth 58 yen or in one that is. always worth
508 dollars, where Q is the dollar value of T. yen. The variable 5§ dollars is not,
therefore, the price of an investment asset and equation. (5.8) does not apply..
CME’s Nikkei 225 futures contract is an ‘example of a guanto. A quanto is a
derivative where the underlying asset is measured in one currency and the payoff is in
another currency, Quantos will be discussed further in Chapter 29.

This shows that the futures price increases at rate r — g with the maturity of the futures
contract. In Table 3.3 the June futures price of the S&P 500 is about 0.9% more than
the March futures price. This indicates that on January 8, 2007, the short-term risk-free
rate, r, was greater than the dividend yield, g, by about 3.6% per year.

Example 5.5

Consider a 3-month futures contract on the S&P 500. Suppose that the stocks
underlying the index provide a dividend yield of 1% per annum, that the current
value of the index is 1,300, and that the continuously compounded risk-free
interest rate is 5% per annum. In this case, r = 0.05, Sy = 1,300, T = 0.25, and
g = 0.01: Hence, the futures price, Fy, is given by

Fy = 1,300e05-00x0% — g1 313 07

In practice, the dividend yield on the portfolio underlying an index varies week by week
throughout the year. For example, a large proportion of the dividends on the NYSE
stocks are paid in the first week of February, May, August, and November each year.
The chosen value of ¢ should represent the average annualized dividend yield during the
life of the contract. The dividends used for estimating ¢ should be those for which the
ex-dividend date is during the life of the futures contract.

Index Arbitrage

If Fy > Soe("q)T, profits can be made by buying the stocks underlying the index at the
spot price (i.¢., for immediate delivery) and shorting futures contracts. If Fy < Syet" 97,
profits can be made by doing the reverse—that is, shorting or selling the stocks
underlying the index and taking a long position in futures contracts. These strategies
are known as index arbitrage. When Fy < Soe( 7 index arbitrage is often done by a
pension fund that owns an indexed portfolio of stocks When Fy > Spe"7 it might be
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| Business Snapshot 5.4 Index Arbitrage in October 1987

| The exchange s systems were over}oaded

| '225 06 (down 57. 88 on the day) Whereas' the jcé-for December dehvery on’

| difficult and the breakdown of the: traditional hnkage between stock indices and stock :

To do index arbltrage a trader must be. able to trade both the. 1ndex futures contract '
and the poitfolio of stocks underlyrng the rndex very qui kly at the pnces quoted m',
the market. In normal market conditions this is possible using program-irading, and
the relatlonsth in equatlon 5. 8) holds well. Exampl of days when the market was.
anything but normal ‘are October 19 and 20 of: 19
Monday”, October 19, 1987, the:market fell by
‘shares taded. on the New York Stock Exchange easil

that’ day could be delayed by up to-

_the S&P 500 was 201.50 (down 80.75 on'the day). This was largely because the delays |
| in processing orders ‘made index arbltrage impossible. On'‘the next day, Tuesday,”
October 20, 1987, the New York Stock Exchange placed temporary restrictions on’
the way in which program tradmg could be done; This also made index arbitrage very

index futures continued. At one point the futures: price for the December contract was _‘
18% less than the S&P 500 Index. However, after'a few days the market returned to

normal, and the activities of arbltrageurs ensured that, equatron (5 8) governed the.
relatlonshrp between futures and’ spot prrces of 1ndlces SYET

done by a corporation holding short-term money market investments. For indices
involving many stocks, index arbitrage is sometimes accomplished by trading a rela-
tively small representative sample of stocks whose movements closely mirror those of
the index. Often index arbitrage is implemented through program trading. This involves
using a computer system to generate the trades.

Most of the time the activities of arbitrageurs ensure that equation (5.8) holds, but
occasionally arbitrage is impossible and the futures price does get out of line with the
spot price (see Business Snapshot 5.4).

FORWARD AND FUTURES CONTRACTS ON CURRENCIES

We now move on to consider forward and futures foreign currency contracts from the
perspective of a US investor. The underlying asset is one unit of the foreign currency.
We will therefore define the variable Sy as the current spot price in dollars of one unit of
the foreign currency and F; as the forward or futures price in dollars of one unit of the
foreign currency. This is consistent with the way we have defined § and F; for other
assets underlying forward and futures contracts. However, as mentioned in Section 2.10,
it does not necessarily correspond to the way spot and forward exchange rates are
quoted. For major exchange rates other than the British pound, euro, Australian dollar,
and New Zealand dollar, a spot or forward exchange rate is normally quoted as the
number of units of the currency that are equivalent to one US dollar.
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Figure 5.1 Two ways of converting 1,000 units of a foreign currency to dollars at
time T. Here, Sy is spot exchange rate, Fy is forward exchange rate, and r and r; are the
dollar and foreign risk-free rates. » '

1000 units of
foreign currency
at time zero
Y ' 1]
1000¢" units of 10008,
foreign currency dollars
attime T . attime zero
1000¢7'F, 10008,
dollars dollars
at time T attime T

A foreign currency has the. property that the holder of the currency can earn interest
_ at the risk-free interest rate prevailing in the foreign country. For example, the holder
can invest the currency in a foreign-denominated bond. We define r; as the value of the
- foreign risk-free interest rate when money is invested for time 7. The variable r is the
US dollar risk-free rate when money is invested for this period of time.
The relationship between Fy and S is

Fy= Soe(r_rf?T (59)

This is the well-known interest rate parity relationship from international finance. The
reason it is true is illustrated in Figure 5.1. Suppose that an individual starts with
1,000 units of the foreign currency. There are two ways it can be converted to dollars at
time T. One is by investing it for T years at r; and entering into a forward contract to
sell the proceeds for dollars at time 7. This generates 1,000¢%” Fy dollars. The other is
by exchanging the foreign currency for dollars in the spot market and investing the

" proceeds for T years at rate r. This generates 1,OOOSoe'T dollars. In the absence of
arbitrage opportunities, the two strategies must give the same result. Hence,

1,000¢7T Fy = 1,0008p¢"
so0 that

FO — Soe(r—rf)T

Example 5.6

SuppoSe'that the 2-year interest rates in Australia and the United States are 5%
and 7%, respectively, and the spot exchange rate between the Australian dollar
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(AUD) and the US dollar (USD) is 0.6200 USD per AUD. From equation (5.9),
the 2-year forward exchange rate should be

' .0'62e(0.07—0.05)x2 — 0.6453

Suppose first that the 2-year forward exchange rate is less than this, say 0.6300.
An arbitrageur can:

1. Borfow 1,000 AUD at 5% per annum for 2 years, convert to 620 USD and
invest the USD at 7% (both rates are continuously compounded). -

2. Enter into a forward contract to buy 1,105.17 AUD for 1,105.17 x 0.63 =

696.26 USD.

The 620 USD that are invested at 7% grow to 620¢%"%% =713.17 USD in
2 years. Of this, 696.26 USD are used to purchase 1,105.17 AUD under- the
terms of the forward contract. This is exactly enough to re ay principal and
interest on the 1,000 AUD that are borrowed (1, 000e>9%% = 1,105. 17). The
strategy therefore gives rise to a riskless profit of 713.17 — 696.26 = 16.91
USD. (If this does not sound very exciting, consider following a 81m11ar strategy
where you borrow 100 million AUDY)

Suppose next that the 2-year forward rate is 0.6600- (greater than the 0.6453
value given by equation (5.9)). An arbitrageur can:

1. Borrow 1,000 USD at 7% per annum for 2 years, convert to 1,000/0.6200 =
1,612.90 AUD, and invest the AUD at 5%.

2. Enter into a forward contract to sell 1,782.53 AUD for 1,782.53 x 0.66 =

1,176.47 USD.

The 1,61290 AUD that are invested at 5% grow to 1,612.908°%% = 1,782.53
AUD in 2 years. The forward contract has the effect of converting this to
1,17647 USD. The amount needed to payoff the USD borrowings is
1 000e0 07x2 _ = 1,150.27 USD. The strategy therefore gives rise to a riskless profit
of 1,176.47 — 1,150.27 = 26.20 USD.

Table 5.4 shows currency futures quotes on January 8, 2007. The quotes are US dollars |

(or cents) per unit of the foreign currency. This is the usual quotation convention for
futures contracts. Equation (5.9) applies with r equal to the US risk-free rate and s
equal to the foreign risk-free rate.

On January 8, 2007, interest rates on the Japanese yen, Canadlan dollar, British
pound, Swiss franc, and euro were lower than the interest rate on the US dollar. This
corresponds to the 7 > r; situation and explains why futures prices for these currencies
increase with maturity in Table 5.4. For the Australian dollar and Mexican peso,
interest rates were higher than in the United States. This corresponds to the re>r
situation and explains why the futures prices of these currencies decrease with maturity.

Example 5.7

In Table 5.4 the June settlement price for the Canadian dollar is 0.28% higher
than the March settlement price. This indicates that the short-term futures prices
are increasing at about 1.12% per year with maturity. From equation (5.9) this is
an estimate of the amount by which short-term US interest rates exceeded short-
term Canadian interest rates on January §, 2007.
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5.11

« |- Canadian Dollar (GME)-CAD 100,000; $ per CAD
Mach 850 8589 653 8555 ~0ui8  1o5395 | Manican Peso(CME-MKN S0000C;$per IMKN
June  .BS66 8569 8528 854 -0018 2830 | Jan - 91250 -.00100 0
_ Mah 0700 SusD 90760 51025 - 00100 69,631
British Pound (CME)-£62,500; $ per £ EArO(CME)-€125,000; § per €

Table 5.4 Foreign exchange futures quotes from the Wall Street Journal on
January 9, 2007. (Columns show month, open, high, low, settle, change,
lifetime high, lifetime low, and open interest, respectively.) =

Currency Futures Swiss Franc (QHE)-CHF 125,00; $ per CHE _
) ~ Mach 8146 8158 8105 8138 -0007 70,774
Japaneso Yen (CHE)-¥12,500,000; $ per 1004 - ame 827 8219 8170 - A200 0007 168

March 8505 .B546 8494 4501 -D00 275923
hme 803 B3 8553 499 -000 5516 | Austrellan Dollar(GHE-AUD 100,000;§ per AUD

Much 7775 7808 J66 T3 0012 16,717
hune J763 7784 JH6 T8 0012 27

March 19308 19410 19265 19382 0074 134588 | March 13051 13078 13013 13061 .0009 17487/
June 19326 19403 19266 19377 0074 178 | Jume 13079 13123 13061 13106 0009 1453

Source: Reprinted by permission of Dow Jones, Inc., via Copyright Clearance Center Inc.
© 2007 Dow Jones & Company, Inc. All nghts Reserved Worldwide.

" A Foreign Currency as an Asset Providing a Known Yield

Equation (5.9) is identical to equation (5.3) with g replaced by rs. This is not a
coincidence. A foreign currency can be regarded as an investment asset paying a known
yield. The yield is the risk-free rate of interest in the foreign currency.

To understand this, we note that the value of interest paid in a foreign currency
depends on the value of the foreign currency. Suppose that the interest rate on British
pounds is 5% per annum. To a US investor the British pound provides an income equal
to 5% of the value of the British pound per annum. In other words it is an asset that
provides a yield of 5% per annum.

FUTURES ON COMMODITIES

We now move on to consider futures contracts on commodities. First we consider the
futures prices of commodities that are investment assets such as gold and silver.® We

then move on to consider the futures prices of consumption assets.

Income and Storage Costs

As explained in Business Snapshot 3.1, the hedging strategies of gold producers leads to
a requirement on the part of investment banks to borrow gold. Gold owners such as
central banks charge interest-in the form of what is known as the gold lease rate when
they lend gold. The same is true of silver. Gold and silver can therefore provide income
to the holder. Like other commodities they also have storage costs.

Equation (5.1) shows that, in the absence of storage costs and income, the forward

8 Recall that, for an asset to be an investment asset, it need not be held solely for investment purposes. What
is required is that some individuals hold it for investment purposes and that these individuals be prepared to
sell their holdings and go long forward contracts, if the latter look more attractive. This explains why silver,
although it has significant industrial uses, is an investment asset.
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price of a commodity that is an investment asset is given by o
Fy= ST IR (5.10)

Storage costs can be treated as negative income. If U is the present value of all the
storage costs, net' of income, during the life of a forward contract, it follows from
equation (5.2) that ' '

Fy=(S+ )" (5.11)
Example 5.8

Consider a 1-year futures contract on an investment asset that provides no income.
1t costs $2 per unit to store the asset, with the payment being made at the end of
the year. Assume that the spot price is $450 per unit and the risk-free rate is 7%
per annum for all maturities. This corresponds to 7 = 0.07,- Sy = 450, T = 1, and

U =21 = 1865
From equation (5.11), the theoretical futures price, Fy, is given by
Fy = (450 + 1.865)**! = $484.63

If the actual futures price is greater than 484.63, an arbitrageur can buy the asset
and short 1-year futures contracts to lock in a profit. If the actual futures price is
less than 484.63, an investor who already owns the asset can improve the return by
selling the asset and buying futures contracts.

If the storage costs net of income incurred at any time are proportional to the price of
the commodity, they can be treated as negative yield. In this case, from equation (5.3),

 Fy= S§pe™T (5.12)
where u denotes the storage costs per annum as a proportion of the spot price net of
any yield earned on the asset. '

Consumption Commodities

Commodities that are consumption assets rather than investment assets usually
provide no income, but can be subject to significant storage costs. We now review
the arbitrage strategies used to determine futures prices from spot prices carefully.’
Suppose that, instead of equation (5.11), we have '

Fy> (S +U)e” (5.13)

To take advantage of this opportunity, an arbitrageur can implement the following
strategy: '

1. Borrow an amount Sy + U at the risk-free rate and use it to.purchase one unit of
the commodity and to pay storage costs.
2. Short a forward contract on one unit of the commodity.

" For some commodities the spot price depends on the delivery location. We assume that the delivery
location for spot and futures are the same.
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If we regard the futures contract as a forward contract, this strategy leads to a profit
of Fy—(Sy+U)e'™ at time T. There is no problem in implementing the strategy for
any commodity. However, as arbitrageurs do so, there will be a tendency-for S, to
increase and F; to decrease until equation (5.13) is no longer true. We conclude that
equation (5.13) cannot hold for any significant length of time.

Suppose next that

Fy<(S+ 0" | (5.14)

When the commodity is an investment asset, we can argue that many investors hold the
commodity solely for investment. When they observe the mequahty in equation (5.14),
they will find it profitable-to do the following: '

1. Sell the commodity, save the storage costs, and invest the proceeds at the risk-free
interest rate.

2. Take a long position in a forward contract.

The result is a riskless profit at maturity of (Sp + U)e’T — F, relative to the position
the investors would have been in if they had held the commodity. It follows that
equation (5:14) cannot hold for long. Because neither equation (5.13) nor (5.14) can
hold for long, we must have Fy = (Sy + U)e'". :
This argument cannot be used for a commodity that is a consimption asset rather
than an investment asset. Individuals and companies who own a consumption com-
modity usually plan to use it in some way. They are reluctant to sell the commodity in
the spot market and buy forward or futures contracts, because forward and futures
contracts cannot be consumed (for example, oil futures cannot be used to feed a
- refinery!). There is therefore nothing to stop equation (5.14) from holding, and all we
~ can assert for a consumption commodity is

<(S+ V)T (5 15)
If storage costs are expressed as a proportion u of the spot price, the equlvalent result is

Fy < Sye™T . (5.16)

Convenience Yields

We do not necessarily have equality in equations (5.15) and (5.16) because users of a
4 consumption commodity may feel that ownership of the physical commodity provides
benefits that are not obtained by holders of futures contracts. For example, an oil
refiner is unlikely to regard a futures contract on crude oil in the same way as crude oil
held in inventory. The crude oil in inventory can be an input to the refining process,
whereas a futures contract cannot be used for this purpose. In general, ownership of the
physical asset enables a manufacturer to keep a production process running and
perhaps profit from temporary local shortages. A futures contract does not do the
same. The benefits from holding the physical asset are sometimes referred to as the
convenience yield provided by the commodity. If the dollar amount of storage costs is
known and has a present value U, then the convenience yield y is defined such that

FeT = (S + U)eT
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If the storage costs per unit are a constant proportlon u, of the spot price, then yis.

deﬁned so. that
FO eyT =5 e(r+u)T
or .
. F0 = Soe(r+u—.y)T : . (5.17)

“The convenience yield simply measures the extent to which the left-hand side is less than

the right-hand side in equation (5.15) or (5.16). For investment assets the convenience
yield must be zero; otherwise, there are arbitrage opportunities. Figure 2.2 of Chapter 2
shows that the futures price of orange juice decreased as the time to maturity of the
contract increased on January 8, 2007. This pattern suggests that the convenience yield, y,
is greater than r + u for orange juice on this date.

The convenience yield reflects the market’s expectations concerning the future avail-

- ability-of the commodity. The greater the possibility that shortages will occur, the higher

the convenience yield. If users of the commodity have high inventories, there is very little
chance of shortages in the near future and the convenience yield tends to be low. If
inventories are low, shortages are more likely and the convenience yield is usually higher.

THE COST OF CARRY

The relationship between futures prices and spot prices can be summarized in terms of
the cost of carry. This measures the storage cost plus the interest that is paid to finance
the asset less the income earned on the asset. For a non-dividend-paying stock, the
cost of carry is r, because there are no storage costs and no income is earned; for a
stock index, it is r — ¢, because income is earned at rate ¢ on the asset. For a currency,
it is r — ry; for a commodity that provides income at rate ¢ and requires storage costs
at rate u, it is r — g+ u; and so on. |
Define the cost of carry as ¢. For an investment asset, the futures price is

Fy= S (5.18)
For a consumption asset, it is
| Fy = §yeT (5.19)
where y is the convenience yield.

DELIVERY OPTIONS

Whereas a forward contract normally specifies that delivery is to take place on a
particular day, a futures contract often allows the party with the short position to
choose to deliver at any time during a certain period. (Typically the party has to give a
few days’ notice of its intention to deliver.) The choice introduces a complication into
the determination of futures prices. Should the maturity of the futures contract be
assumed to be the beginning, middle, or end of the delivery period? Even though most
futures contracts are closed out prior to maturity, it is important to know when delivery
would have taken place in order to calculate the theoretical futures price.

If the futures price is an increasing function of the time to maturity, it can be seen
from equation (5.19) that ¢ > y, so that the benefits from holding the asset (including
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convenience yield and net of storage costs) are less than the risk-free rate. It is usually
optimal in such a case for the party with the short position to deliver as early as
possible, because the interest earned on the cash received outweighs the benefits of
holding the asset. As a rule, futures prices in these circumstances should be calculated
on the basis that delivery will take place at the beginning of the delivery period. If
fututes prices are decreasing as time to maturity increases (¢ < y), the reverse is true. It
is then usually optimal for the party with the short position to deliver as late as
possible, and futures prices should, as a rule, be calculated on this assumption.

FUTURES PRlCES AND EXPECTED FUTURE SPOT PRICES

We refer to the market’s average opinion about what the spot price of an asset will be at
a certain future time as the expected spot price of the asset at that time. Suppose that it
is now June and the September futures price of corn is 350 cents. It is interesting to ask
what the expected spot price of corn in September is. Is it less than 350 cents, greater
than 350 cents, or exactly equal to 350 cents? As illustrated in Figure 2.1, the futures
price converges to the spot price at maturity. If the expected spot price is less than
350 cents, the market must be expecting the September futures price to decline, so that
traders with short positions gain and traders with long positions lose. If the expected
spot price is greater than 350 cents, the reverse must be true.-The market must be
expecting the September futures price to increase, so that traders with long positions
gain while those with short positions lose.

“Keynes and Hicks
" Economists John Maynard Keynes and John Hicks argued that, if hedgers tend to hold

short positions and speculators tend to hold long positions, the futures price of an asset
will be below the expected spot price. This is because speculators require compensation
for the risks they are bearing. They will trade only if they can expect to make money on
average. Hedgers will lose money on average, but they are likely to be prepared to
accept this because the futures contract reduces their risks. If hedgers tend to hold long
positions while speculators hold short positions, Keynes and Hicks argued that the
futures price will be above the expected spot price for a similar reason.

Risk and Return

The modern approach to explaining the relationship between futures prices and
expected spot prices is based on the relationship between risk and expected return in
the economy. In general, the higher the risk of an investment, the higher the expected
return demanded by an investor. Readers familiar with the capital asset pricing model
will know that there are two types of risk in the economy: systematic and nonsystematic.
Nonsystematic risk should not be important to an investor. It can be almost com-
pletely eliminated by holding a well-diversified portfolio. An investor should not
therefore require a higher expected return for bearing nonsystematic risk. Systematic

" risk, in contrast, cannot be diversified away. It arises from a correlation between

8 See: I.M. Keynes, 4 Treatise on Money. London: Macmillan, 1930; and J. R. Hicks, Value and Capital.
Oxford: Clarendon Press, 1939.
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returns from the investment and returns from the whole stock market. An investor
generally requires a higher expected return than the risk-free interest rate for bearing
positive amounts of systematic risk. Also, an investor is prepared to accept a lower
expected return than the risk-free interest rate when the systematic risk in an invest-
ment is negative. '

The Risk in a Futures Position |

Let us consider a speculator who-takes a long position in a futures contract that lasts for
T years in the hope that the spot price of the asset will be above the futures price at the

end of the life of the futures contract. We ignore daily settlement and assume that the

futures contract can be treated as a forward contract. We suppose that the speculator

puts the present value of the futures price into a risk-free investment while simul-

taneously taking a long futures position. The proceeds of the risk-free investment are- -

used to buy the asset on the delivery date. The asset is then immediately sold for its -
market price. The cash flows to the speculator are as follows:

Today: —Fpe™"
End of futures contract: +Sr

where Fj is the futures price today, Sy is the price of the asset at time T at the end of the
futures contract, and r is the risk-free return on funds invested for time 7.

How do we value this investment? The discount rate we should use for the expected
cash flow at time T equals an investor’s required return on the investment. Suppose that
k is an investor’s required return for this investment. The present value of this
investment is

—Fye™ T+ E(Spe ™

where E denotes expected value. We can assume that all investments in securities
markets are priced so that they have zero net present value. This means that

—Fe T+ ES)e T =0
or
Fy = E(Sp)e"T , (5.20)

As we have just discussed, the returns investors require on an investment depend on its
systematic risk. The investment we have been considering is in essence an investment in
the asset underlying the futures contract. If the returns from this asset are uncorrelated
with the stock market, the correct discount rate to use is the risk-free rate r, so we
should set k = r. Equation (5.20) then gives

Fy = E(S7)

This shows that the futures price is-an unbiased estimate of the expected future spot
price when the return from the underlying asset is uncorrelated with the stock
market.

If the return from the asset is positively correlated with the stock market, k > r and
equation (5.20) leads to Fy < E(Sy). This shows that, when the asset underlying the
futures contract has positive systematic risk, we should expect the futures price to
understate the expected future spot price. An example of an asset that has positive
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systematic risk is a stock index. The expected return of investors on the stocks underlying

an index is generally more than the risk-free rate, r. The dividends provide a return of g.

The expected increase in the index must theréfore be more than r — ¢. Equation (5.8) is

therefore consistent with the prediction that the futures price understates the expected
~ future stock price for a stock index. :

If the return from the asset is negatively correlated with the stock market k<rand
equation (5.20) gives Fy > E(Sy). This shows that, when the asset underlying the futures
contract has negative systematic risk, we should expect the futures pnce to overstate the
expected future spot price. :

Normal Backwardation and Contango

When the futures price is below the expected future spot price, the situation is known as
normal backwardation; and when the futures price is above the expected future spot
price, the situation is known as contango. However, it should be noted that sometimes
these terms are used to refer to whether the futures price is below or above the current
spot price, rather than the expected future spot price.

SUMMARY

For most purposes, the futures price of a contract with a certain delivery date can be
considered to be the same as the forward price for a contract with the same delivery
date. It can be shown that in theory the two should be exactly the same when interest
rates are perfectly predictable.

For the purposes of understanding futures (or forward) prices, it is convenient to

- divide futures contracts into two categories: those in which the underlying asset is held

for investment by a significant number of investors and those in which the underlying
asset is held primarily for consumption purposes.

In the case of investment assets, we have considered three different situations:

1. The asset provides no income.
2. The asset provides a known dollar income.
3. The asset provides a known yield.

The results are summarized in Table 5.5. They enable futures prices to be obtained for
contracts on stock indices, currencies, gold, and silver. Storage costs can be treated as
negative income.
In the case of consumption assets, it is not possible to obtain the futures price as a
function of the spot price and other observable variables. Here the parameter known as
~ the asset’s convenience yield becomes important. It measures the extent to which users
of the commodity feel that ownership of the physical asset provides benefits that are not
obtained by the holders of the futures contract. These benefits may include the ability
to profit from temporary local shortages or the ability to keep a production process
running. We can obtain an upper bound for the futures price of consumption assets
using arbitrage arguments, but we cannot nail down an equality relationship between
futures and spot prices.
The concept of cost of carry is sometimes useful. The cost of carry is the storage cost
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m
Table 5.5 ~ Summary of results for a contract with time to maturity T on an investment
* asset with pnce So when the risk-free interest rate for a T-year period is r.

Asset ' Forward/futures Value of long forward contract
price - with delivery price K
Provides no income: Soe’T Sy — Ke™'T
Provides known income _
with present value I: (So — De'™ So—I—-KeT
Provides known yield g: Spelr a7 Soe™T — KT

L ]

of the underlying asset plus the cost of financing it minus the income received from it.

" In the case of investment assets, the futures price. is greater than the spot price by an -

amount reflecting the cost of carry. In the case of consumption assets, the futures price
is greater than the spot price by an amount reflecting the cost of carry net of the

convenience yield.

If we assume the capital asset pricing model is true, the relationship between the
futures price and the expected future spot price depends on whether the return on the
asset is positively or negatively correlated with the return on the stock market. Positive
correlation will tend to lead to a futures price lower than the expected future spot price,
whereas negative correlation will tend to lead to a futures price higher than the expected
future spot price. Only when the correlation is zero will the theoretical futures price be
equal to the expected future spot price.
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Questions and Problems (Answets in Solutions Manual)

5.1. Explain what happens when an investor shorts a certain share.

5.2. What is the difference between the forward price and the value of a forward contract?
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33

Suppose that you enter into a 6-month forward contract on a non-dividend-paying stock

_ when the stock price is $30 and the risk-free interest rate (with continuous compounding)

54,
- continuous compounding) and the dividend yield on the index is 4% per annum. What

5.5
5.6.

5.7
5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

is 12% per annum. What is the forward prrce‘? '
A stock index currently stands at 350. The risk-free interest rate is 8% per annum (with

should the futures price for a 4-month contract be?

Explain carefully why the futures price of gold can be calculated from its spot pr_ioe'and
other observable variables whereas the futures price of copper cannot.

Explain caréfully the meaning of the terms convenience yield and cost of carry. What is the
relationship between futures price, spot price, convenience yield, and cost of carry?

Explain why a foreign currency can be treated as an asset providing a known yield.

Is the futures price of a stock index greater than or less than the expected future vatue of
the index? Explain your-answer.

A 1-year long forward contract on a non-dividend-paying stock is entered into when the
stock price is $40 and the risk-free rate of interest is 10% per annum with continuous
compounding. - g}

(a) What are the forward price and the initial value of the forward contract?

(b) Six months later, the price of the stock is $45 and the risk-free interest rate is still 10%.
~ What are the forward price and the value of the forward contract?

The risk-free rate of interest is 7% per annum with continuous compounding, and the
dividend yield on a stock index is 3.2% per annum. The current value of the index is 150.
What is the 6-month futures price? '

Assume that the risk-free interest rate is 9% per annum with continuous compounding
and that the dividend yield on a stock index varies throughout the year. In February,
May, August, and November, dividends are paid at a rate of 5% per annum. In other
months, dividends are paid at a rate of 2% per annum. Suppose that the value of the index
on July 31 is 1,300. What is the futures price for a contract deliverable in December 31 of
the same year?

Suppose that the risk-free interest rate is 10% per annum with continuous compounding

and that the dividend yield on a stock index is 4% per annum. The index is standing at

400, and the futures price for a contract deliverable in four months is 405. What arbitrage

opportunities does this create?

Estimate the difference between short-term interest rates in Mexico and the United States
on January 8, 2007, from the information in Table 5.4.

The 2-month interest rates in Switzerland and the United States are, respectively, 2% and
5% per annum with continuous compounding. The spot price of the Swiss franc is
$0.8000. The futures price for a contract deliverable in 2 months is $0. 8100 What
arbitrage opportunities does this create? '

The spot price of silver is $9 per ounce. The storage costs are $0.24 per ounce per year
payable quarterly in advance. Assuming that interest rates are 10% per annum for all
maturities, calculate the futures price of silver for delivery in 9 months.

Suppose that F; and F, are two futures contracts on the same commodrty with times to
maturity, #, and t,, where t, > #;. Prove that

F, < Rt
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* where r is the interest rate (assumed constant) and there are no storage costs. For the-

5.17.

purposes of this problem, assume that a futures contract is the same as a forward
contract.

When a known future cash outflow in a foreign currency is hedged by a company using a
forward contract, there is no foreign exchange risk. When it is hedged using futures
contracts, the marking-to-market process does leave the company exposed to some risk.

Explain the nature of this risk. In particular, consider whether the’ company is better off
using a futures contract or a forward contract when:

~ (a) The value of the foreign currency falls rapidly during the life of the contract.

5.18.

5.19.

5.20.

5.21.

5.22.

5.23.

(b) The value of the foreign currency rises rapidly during the life of the contract.

(c) The value of the foreign currency first rises and then falls back to its initial value.
(d) The value of the foreign currency first falls and then rises back to its-initial value.
Assume that the forward price equals the futures price.

It is sometimes argued that a forward exchange rate is an unbiased predictor of future
exchange rates. Under what circumstances is this so?

Show that the growth rate in an index futures price equals the excess return of the index
over the risk-free rate, Assume that the risk-free interest rate and the dividend yield are
constant.

Show that equation (5.3) is true by considering an investment in the asset combined with a
short position in a futures contract. Assume that all income from the asset is reinvested in
the asset. Use an argument similar to that in footnotes 2 and 4 and explain in deta11 what
an arbitrageur would do if equation (5.3) did not hold '

Explain carefully what is meant by the expected price of a commodlty on a particular
future date. Suppose that the futures price for crude oil declines with the maturity of the
contract at the rate of 2% per year. Assume that speculators tend to be short crude oil
futures and hedgers tend to be long. What does the Keynes and chks argument imply
about the expected future price of oil?

The Value Line Index is designed to reflect changes in the. value of a portfolio of over
1,600 equally weighted stocks. Prior to March 9, 1988, the change in the index from one
day to the next was calculated as the geometric average of the changes in the prices of the
stocks underlying the index. In these circumstances, does equation (5.8) correctly relate
the futures price of the index to its cash price? If not, does the equation overstate or
understate the futures price?

A US company is interested in using the futures contracts traded on the CME to hedge its
Australian dollar exposure. Define r as the interest rate (all maturities) on the US dollar
and ry as the interest rate (all maturities) on the Australian dollar. Assume that r and ry
are constant and that the company uses a contract expiring at time 7 to hedge an
exposure at time ¢ (T > 1).

(a) Show that the optimal hedge ratio is =T,

(b) Show that, when ¢ is 1 day, the optimal hedge ratio is almost exactly So/ Fo, where S is
the current spot price of the currency and Fy is the current futures price of the
currency for the contract maturing at time T.

(c) Show that the company can take account of the daily settlement of futures contracts
for a hedge that lasts longer than 1 day by adjusting the hedge ratio so that it always
equals the spot price of the currency divided by the futures price of the currency.
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Assignment Questions

5.24.

5.25.

5.26.

5.27.

5.28.

A stock is expected to pay a dividend of $1 per share in 2 months and in 5 months. The:

stock price is $50, and the risk-free rate of interest is 8% per annum with continuous

compounding for all maturities. An investor has just taken a short position in a 6-month

forward contract on the stock.

(a) What are the forward price and the initial value of the forward contract?

(b) Three months later, the price of the stock is $48 and the risk-free rate of interest is
still 8% per annum. What are the forward prlce and the value of the short position in
the forward contract?

A bank offers a corporate client a choice between borrowing cash at 11% per annum and
borrowing gold at 2% per annum. (If gold is borrowed, interest must be repaid in gold.
Thus, 100 ounces borrowed today would require 102 ounces to be repaid in 1 year.) The
risk-free interest rate is 9.25% per annum, and storage costs are 0.5% per annum. Discuss
whether the rate of interest on the gold loan is too high or too low in relation to the rate
of interest on the cash loan. The interest rates on the two loans are expressed with annual
compounding. The risk-free interest rate and storage costs are expressed with continuous
compounding.

A company that is uncertain about the exact date when it will pay or receive a foreign
currency may try to negotiate with its bank a forward contract that specifies a period
during which delivery can be made. The company wants to reserve the right to choose the
exact delivery date to fit in with its own cash flows. Put yourself in the position of the
bank. How would you price the product that the company wants?

A trader owns gold as part of a long-term investment portfolio. The trader can buy gold
for $550 per ounce and sell it for $549 per ounce. The trader can borrow funds at 6% per

year and invest funds at 5.5% per year (both interest rates are expressed with annual

compounding). For what range of 1-year forward prices of gold does the trader have no
arbitrage opportunities? Assume there is no bid-offer spread vf'or forward prices.

A company enters into a forward contract with a bank to sell a foreign curfency for K at
time Tj. The exchange rate at time T; proves to be S; (> K). The company asks the bank
if it can roll the contract forward until time T, (> T) rather than settle at time T;. The

‘bank agrees to a new delivery price, K,. Explain how K; should be calculated.
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APPENDIX

PROOF THAT FORWARD AND FUTURES PRICES ARE EQUAL
WHEN INTEREST RATES ARE CONSTANT

This appendix demonstrates that forward and futures prices are equal when interest
rates are constant. Suppose that a futures contract lasts for n days and that F; is the
futures price at the end of day i (0 <i <n). Deﬁne § as the risk-free rate per day
(assumed constant). Consider the following strategy:®

1. Take a long futures position of ¢ at the end of day 0 (i.c., at the beginning of the
contract).

2. Increase long position to ¢ at the end of day 1.

3. Increase long position to ¢* at the end of day 2.
And so on.

This strategy is summarized in Table 5A.1. By the beginning of day i, the investor has a
long position of ¢*. The profit (possibly negative) from the position on day i is

(F, - F_)é"

Assume that the profit is compounded at the risk-free rate until the end of day n. Its
value at the end of day nis-

(F - F't e e = (F, - F_)e™

The value at the end of day n of the entire investment strategy is therefore

Y (F: - Fye®
i=1
This is -
[(F, = Foc) + (Faot = Fug) -+ (Fy = Fo)le” = (F, - F)e™

Because F, is the same as the terminal asset spot price, Sy, the terminal value of the
investment strategy can be written

(Sp — F)e”

An investment of FO in a risk-free bond combined with the strategy 1nvolv1ng futures
just given yields

F()en8 + (ST - F())emS = STe"s

at time T. No investment is required for all the long futures positions described. It
follows that an amount Fy can be invested to give an amount Sre™ at time T.
Suppose next that the forward price at the end of day 0 is Gy. Investing Gy in a riskless
bond and takmg a long forward position of ¢™ forward contracts also guarantees an
amount STe at time T. Thus, there are two investment strategies—one requiring an

® This strategy was proposed by J.C. Cox, J. E. Ingersoll, and S. A; Ross, “The Relation between Forward
Prices and Futures Prices,” Journal of Financial Economics 9 (December 1981): 321-46.
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Table 5A.1 Investment strategy to show that futures and forward prices are equal.

Day 0 - 1 2 S n
Futures price Fy Fi F oo Foy F,
Futures position ¢ e e ee® 0
- Gain/loss 0 (F-FR) (FEB-F)® .. ... (F,—F_)e
Gain/loss compounded . o S
Rt (R—F)e® - ... (F— Fpp)e™

- to day n ' 0 (F-

initial outlay of Fy and the other requiring an initial outlay of Gy—both of which yield
STe"s at time 7. It follows that, in the absence of arbitrage opportunities,

Fy =Gy

In other words, the futures price and the forward price are identical. Note that in this
proof there is nothing special about the time period of I day. The futures price based on
a contract with weekly settlements is also the same as the forward price when corres-
ponding assumptions are made.






6.1

Interest Rate
~ Futures

So far we have covered futures contracts on commodities, stock indices, and foreign
currencies. We have seen how they work, how they are used for hedging, and how futures
prices are determined. We now move on to consider interest rate futures.

This chapter explains the popular Treasury bond and Eurodollar futures contracts that

 trade in the United States. Many of the other interest rate futures contracts throughout

the world have been modeled on these contracts. The chapter also shows how interest rate
futures contracts, when used in conjunction with the duration measure introduced in
Chapter 4, can be used to hedge a company’s exposure to interest rate movements.

DAY COUNT AND QUOTATION CONVENTIONS

As a preliminary to the material in this chapter, we consider the day count and quotation
conventions that apply to bonds and other intéfest-rate-dependent instuments.

Day Counts

The day count defines the way in which interest accrues over time, Generally, we know the
interest earned over some reference period (e.g., the time between coupon payments on a
bond), and we are interested in calculating the interest earned over some other period.
The day count convention is usually expressed as X /Y. When we are calculating the
interest earned between two dates, X defines the way in which the number of days
between the two dates is calculated, and Y defines the way in which the total number of
days in the reference period is measured. The interest earned between the two dates is

Number of days between dates
Number of days in reference period

x Interest earned in reference period

Three day count conventions that are commonly used in the United States are:

1. Actual/actual (in period)
2. 30/360
3. Actual/360

129
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Busmess Snapshot 6.1 Day Counts Can Be Deceptlve

Between February 28 2009 ‘and March 1, 2009, you have a ch01ce between owning a
US government bond and a.US corporate bond. They pay- the same coupon and have
the same quoted price. Which would you prefer? -

1t sounds as though' you should be indifferent, but in fact you should have a
marked preference for the- corporate bond: Under ‘the 30/360. day count convention
used for corporate bonds, there are 3 days between February 28, 2009, and March 1,
2009. Under the actual/actual (in period) day count convention used for government
bonds, -there is only. 1 day, You would earn approxlmately three tlmes as much

The actual/actual (in period) day count is used for Treasury bonds in the United
States. This means that the interest earned between two dates is based on the ratio of the
actual days elapsed to the actual number of days in the period between coupon
payments. Suppose that the bond principal is $100, coupon payment dates are March
1 and September 1, the coupon rate is 8%, and we wish to calculate the interest earned
between March 1 and July 3. The reference period is from March 1 to September 1.
There are 184 (actual) days in this period, and interest of $4 is earned during the period.
There are 124 (actual) days between March 1 and July 3. The interest earned between
March 1 and July 3 is therefore '

124
T7he 4 =2.6957

The 30/360 day count is used for corporate and municipal bonds in the United States.
This means that we assume 30 days per month and 360 days per year when carrying out
calculations. With the 30/360 day count, the total number of days between March 1 and
September 1 is 180. The total number of days between March 1 and July 3 is
(4 x 30) +2 =122. In a corporate bond with the same terms as the Treasury bond
just considered, the interest earned between March 1 and July 3 would therefore be

122
=271
180

As shown in Business Snapshot 6.1, sometimes the 30/360 day count convention has
surprising consequences.

The actual/360 day count is used for money market instruments in the United
States. This indicates that the reference period is 360 days. The interest earned during

| part of a year is calculated by dividing the actual number of elapsed days by 360 and

multiplying by the rate. The interest earned in 90 days is therefore exactly one-fourth of

the quoted rate, and the interest earned in a whole year of 365 days is 365/360 times the
. quoted rate.

Conventions vary from country to country and from instrument to instrument. For
example, money market instruments are quoted on an actual/365 basis in Australia,
Canada, and New Zealand. LIBOR is quoted on an actual/360 for all currencies except
sterling, for which it is quoted on an actual/365 basis. Euro-denominated and sterling
bonds are usually quoted on an actual/actual basis. '
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Price Quotations .

The prices of money market instruments are sometimes quoted using a discount rate.

This is the interest earned as a percentage of the final face value rather than as a

percentage of the initial price paid for the instrument. An example is Treasury bills in

the United States. If the price of a 91-day Treasury bill is quoted as 8, this means that

the annualized rate of interest earned is 8% of the face value. Suppose that the face

value is $100. Interest of $2.0222 (= $100 x 0.08 x 91/360) is earned over the 91-day

life. This corresponds to a true rate of interest of 2.0222/(100 — 2.0222) = 2.064% for

the 91-day period. In general, the relationship between the cash price and quoted price
of a Treasury bill in the United States is

'=@(100 )

where P is the quoted price, Y is the cash price, and n is the remaining life of the
Treasury bill measured in calendar days.

US Treasury Bonds

Treasury bond prices in the United States are quoted in dollars and thirty-seconds of
a dollar. The quoted price is for a bond with a face value of $100. Thus, a quote of
90-05 indicates that the quoted price for a bond with a face value of $100,000
is $90,156.25.

- The quoted price, which traders refer to as the clean price, is not the same as the
cash price paid by the purchaser of the bond, which traders refer to as the dirty price.
In general,

Cash price = Quoted price + Accrued interest since last coupon date

To illustrate this formula, suppose that it is March 5, 2010, and the bond under
consideration is an 11% coupon bond maturing on July 10, 2018, with a quoted price
of 95-16 or $95.50. Because coupons are paid semiannually on government bonds (and
the final coupon is at maturity), the most recent coupon date is January 10, 2010, and
the next coupon date is July 10, 2010. The number of days between January 10, 2010,
and March 5, 2010, is 54, whereas the number of days between January 10, 2010, and
July 10, 2010, is 181. On a bond with $100 face value, the coupon payment is $5.50 on
January 10 and July 10. The accrued interest on March 5, 2010, is the share of the
July 10 coupon accruing to the bondholder on March 5, 2010, Because actual/actual in
period is used for Treasury bonds in the United States, this is

54
mx$55 $1.64

The cash price per $100 face value for the bond is therefore
$95.50 + $1.64 = $97.14

Thus, the cash price of a $100,000 bond is $97,140.
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TREASURY BOND FUTURES

Table 6.1 shows interest rate futures quotés as they appeared-' in the Wall Street Journal
on January 9, 2007. One of the most popular long-term interest rate futures contracts is
the Treasury bond futures contract traded on the Chicago Board of Trade (CBOT). In

this contract, any government bond that has more than 15 years to maturity on the first

day of the delivery month and is not callable within 15 years from that day can be
delivered. As will be explained later in this section, the CBOT has developed a
procedure for adjusting the price received by the party with the short position according

to the particular bond delivered.

The Treasury note and 5-year Treasury note futures contract in the United States are
also very popular. With Treasury note futures, any government bond (or note) with a
maturity between 6% and 10 years can be delivered. In the 5-year Treasury note futures
contract, the bond delivered has a remaining life that is.about 4 or 5 years. _
- The remaining discussion in this section focuses on CBOT Treasury bond futures.
The Treasury note futures traded in the United States and many other futures
contracts in the rest of the world are designed in a similar way to CBOT Treasury
bond futures, so that many of the points we will make are applicable to these
contracts as well. '

Quotes

Treasury bond futures prices are quoted in the same way as the Treasury bond prices -
themselves (see Section 6.1). Table 6.1 shows that the settlement price on January 8,
2007, for the March 2007 contract was 112-04, or 112 34—2 One contract involves the
delivery of $100,000 face value of the bond. Thus, a §1 change in the quoted futures
price would lead to a $1,000 change in the value of the futures contract. Delivery can
take place at any time during the delivery month. '

Table 6.1 Interest rate futures quotes from the Wall Street Journal on
January 9, 2007. (Columns show month, open, high, low, settle, change, and
open interest, respectively.)

{nterest Rate Futures

Treasury Bonds(CBT)-$100,000; pts 32nds of 100%

Marh 112405 112-07 117 MM -1 777963
e 104 11204 117 M2 -1 7450
Treasury Notes (CBT)-$100,000; pts 32nds of 100%

March  107-280107-295  107-215 107-260 -20 2,296,674
June  207-260107-270 107240 10770 -20 38131
5 Yr. Treasury Notes (B7)-$100,000; pts 32nds of 100%

March  105-090205-100  105-045 105075 -20 1425917

2Yr, Treasury Notes (CBY)-$200,000; pts 32nds of 100%
March 102042102042 102015 10205 -17 770033

30 Day Federal Funds (CBT)-$5,000,000; 100 - dally avg,

Jan 94750 94760 S4750 9ASS .. 47
Fb 9475 94760 94755 SAI0 .. 120416
1 Month Libor (CME)-$3,000,000; pts of 1008

Jan 946705946800 946775 AATZE -0005 23549
Feb 946775946825 946775 946825 0050 16,150

Eurodotiar (cME)-$1,000,000; pts of 100%

Jan 946375946450 946375 WHAB .. 4487
June 948250 948300 947750 SAM900 -0400 1414973
Sept  95.0000 95.0000 949400 949550 -0500 1,346,082
Dec 951300951300 950700 950900 -0450 1316779

Source: Reprinted by permission of Dow Jones, Inc., via Copyright Clearance Center, Inc.
© 2007 Dow Jones & Company, Inc. All Rights Reserved Worldwide.
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Conversion Factors

As mentioned, the Treasury bond futures contract allows the party with the short .
position to choose to deliver any bond that has a maturity of more than 15 years and is
not callable within 15 years. When a particular bond is delivered, a parameter known as’
its conversion factor defines the price received for the bond by the party with the short
position, The applicable quoted price is the product of the conversion factor and the
most recent settlement price for the futures contract. Taking accrued interest into
account, as described in Sectlon 6.1, the cash received for each $100 face value of bond
. delivered is

(Most recent settlement price x Conversion factor) + Accrued interest

Each contract is for the delivery of $100,000 face value of bonds. Suppose that the
most recent settlement price is 90-00, the conversion factor for the bond delivered is
1.3800, and the accrued interest on this bond at the time of delivery is $3 per $100 face
value. The cash received by the party with the short position (and paid by the party
with the long position) is then

(1.3800 x 90.00) +3.00 = $127.20

per $100 face value. A party with the short position in one contract would deliver bonds
with a face value of $100,000 and receive $127,200.

The conversion factor for a bond is set equal to the quoted price the bond would have
per dollar of principal on the first day of the delivery month on the assumption that the -
interest rate for all maturities equals 6% per annum (with semiannual compounding).

- The bond maturity and the times to the coupon payment dates are rounded down to the
nearest 3 months for the purposes of the calculation. The practice enables the CBOT to
produce comprehensive tables. If, after rounding, the bond lasts for an exact number of
6-month periods, the first coupon is assumed to be paid in 6 months. If, after rounding,
the bond does not last for an exact number of 6-month periods (i.e., there are an extra
3 months), the first coupon is assumed to be paid after 3 months and accrued interest is
subtracted. S

As a first example of these rules, consider a 10% coupon bond with 20 years and
2 months to maturity. For the purposes of calculating the conversion factor, the bond is
assumed to have exactly 20 years to maturity. The first coupon payment is assumed to
be made after 6 months. Coupon payments are then assumed to be made at 6-month

intervals until the end of the 20 years when the principal payment is made. Assume that
the face value is $100. When the discount rate is 6% per annum with semiannual
compounding (or.3% per 6 months), the value of the bond is

100
146.
2103‘ 1.03% =$146.23

Dividing by the face value gives a conversion factor of 1.4623.

As a second example of the rules, consider an 8% coupon bond with 18 years and
4 months to maturity. For the purposes of calculating the conversion factor, the bond is -
assumed to have exactly 18 years and 3 months to maturity. Discounting all the
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payments back to a point in time 3 months from today at 6% per annum (compounded
semiannually) gives a value of '

5 o
4 100
= §1258
4+;1.03'+1.0336 H283

The interest rate for a 3-mohth period is 4/1.03 -1, or :'1:‘.;4889%.. Hence, discounting
back to the present gives the bond’s value as 125.83/1.014889 = §123.99. Subtracting the
accrued interest of 2.0, this becomes $121.99. The conversion factor is therefore 1.2199.

Cheapest-to-Deliver Bond

At any given time during the delivery month, there are many bonds that can be
delivered in the" CBOT Treasury bond futures contract. These vary widely as far as
coupon and maturity are concerned. The party. with the short position can choose
which of the available bonds is “cheapest” to deliver. Because the party with the short
position receives

(Most recent settlement price x Conversion factor) + Accrued interest
and the cost of purchasing a bond is
Quoted bond price + Accrued interest
the cheapest-to-deliver bond is the one for which
Quoted bond price — (Most recent.settlement price x Conversion factor)

is least. Once the party with the short position has decided to deliver, it can determine

 the cheapest-to-deliver bond by examining each of the deliverable bonds in turn.

Example 6.1

The party with the short position has decided to deliver and is trying to choose
between the three bonds in the table below. Assume the most recent settlement
price is 93-08, or 93.25. '

Bond Quoted bond Conversion

price (8) factor
1 99.50 1.0382
- 143.50 1.5188

3 - 119.75 - 1.2615

The cost of delivering each of the bonds is as follows:

Bond 1: 99.50 — (93.25 x 1.0382) = $2.69
Bond 2: 143.50 — (93.25 x 1.5188) = $1.87
Bond 3: 119.75 — (93.25 x 1.2615) = §2.12

The cheapest-to-deliver bond is Bond 2.
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Busmess Snapshot 6. 2 The Wlld Card Play

' Tradmg in the CBOT Treasury bond futures contract ceases at 2 00p 1. Chrcago .
time. However, Treasury bonds themselves continue tradmg in-the spot market until
4:00p.m. Furthermore, a trader with a short futures position has' until 800p m; to’
issue to ‘the clearmghouse a notice of 1ntent10n to deliver. If the notrce is issued, the |
invoice- price is calculated on the basis: of the settlement | prrce that day Th1s 1s the
vpnce at which tradrng was conducted just. before the closrng bell at 2 00pm.

This practice gives Tise to an option -known -as the wild card play If bond ; pnces
decline after 2:00 p.m. 'on- the first day of the dellvery month the party with the short
Eosrtron can isstie a notice of i mtentlon to dehver at, say, 345 p:m ‘and proceed to buy
‘bonds for- delrvery at the 2: 00p.m. futures pr1ce 1f the bond- price “does not decling;:
the party with'the short pos1t10n keeps the pos1t10n open and wartsﬁuntrl the next day
when the same strategy can be used. " S ; _

‘As with the other options open’ o the party w1th the short posrtlon the w11d card
play is not free. Its vatue is reﬂected in: the futures “price, whrch is lower than it would
be-without the - optron L = : : '

A number of factors determine the cheapest-to-deliver bond. When bond yields are in
excess of 6%, the conversion factor system tends to favor the delivery of low-coupon
long-maturity bonds. When yields are less than 6%, the system tends to favor the
delivery of high-coupon short-maturity bonds. Also, when the yield curve is upward-
sloping, there is a tendency for bonds with a long time to maturity to be favored,
whereas when it is downward-sloping, there is a tendency for bonds with a short time to
maturity to be delivered.

In addition to the cheapest-to-deliver bond optlon the party with a short position
has an option known as the wild card play. This is described in Business Snapshot 6.2.

Determining the Futures Price

An exact theoretical futures price for the Treasury bond contract is difficult to
determine because the short party’s options concerned with the timing of delivery
and choice of the bond that is delivered cannot easily be valued. However, if we assume
that both the cheapest-to-deliver bond and the delivery date are known, the Treasury
bond futures contract is a futures contract on a traded security (the bond) that provides
the holder with known income." Equation (5.2) then shows that the futures price, Fy, is

related to the spot price, Sp, by r
FO = (So - I)e’ ' . (61)

where I is the present value of the coupons during the life of the futures contract, T is
the time until the futures contract matures, and r is the risk-free interest rate applicable
to a time period of length T.

Example 6.2

Suppose that, in a Treasury bond futures contract, it is known that the cheapest-
to-deliver bond will be a 12% coupon bond with a conversion factor of 1.4000.

! In practice, for the purposes of determining the cheapest-to-deliver in this calculation, analysts usually
assume that zero rates at the maturity of the futures contract will equal today’s forward rates.
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~ Figure 6.1 Time chart for Example 6.2.

Maturity
of
Coupon Current - Coupon futures  Coupon
payment time payment ' contract payment
1 o | ] [
I T ; i ] U L
60 ‘ 122 : 143 35

days days days days

Suppose also that it is known that delivery will take place in 270-days. Coupons
are payable semiannually on the bond. As illustrated in Figure 6.1, the last coupon
date was 60 days ago, the next coupon date is in 122 days, and the coupon date
thereafter is in 305 days. The term structure is flat, and the rate of interest (with
continuous compounding) is 10% per annum. Assume that the current quoted
bond price is $120. The cash price of the bond is obtained by adding to this
quoted price the proportion of the next coupon payment that accrues to the
holder. The cash price is therefore

120 4 x 6=121.978

60 +122

A coupon of $6 will be received after 122 days (= 0.3342 years) The present value
of this is

66'—_(_).1 >(0.33%2. : 5803

The futures contract lasts for 270 days (= 0.7397 years). The cash futures price, if
the contract were written on the 12% bond, would therefore be

(121.978 — 5.803)e 0P = 125094

At delivery, there are 148 days of accrued interest. The quoted futures price, if the
contract were written on the 12% bond, is calculated by subtracting the accrued
interest

148

125.094 — 6 x R 135

= 120.242

From the definition of the conversion factor, 1.4000 standard bonds are consid-
ered equivalent to each 12% bond. The quoted futures price should therefore be

120.242
S = 85887

EURODOLLAR FUTURES

The most popular interest rate futures contract in the United States is the 3-month
Eurodollar futures contract traded on the Chicago Mercantile Exchange (CME). A
Eurodollar is a dollar deposited in a US or foreign bank outside the United States. The
Eurodollar interest rate is the rate of interest earned on Eurodollars deposited by one
bank with another bank. It is essentially the same as the London Interbank Offered
Rate (LIBOR) introduced in Chapter 4. _

Three- month Eurodollar futures contracts are futures contracts on the 3-month




Interest Rate Futures ' 137
(90-day) Eurodollar interest rate. They allow an investor to lock in an interest rate on"
$1 million for a future 3-month period. The 3-month period to which the interest rate
applies starts on the third Wednesday of the delivery month. The contracts have
delivery months of March, June, September, and December for up to 10 years into

 the future. This means that in 2008 an investor can use Eurodollar futures to lock in an
interest rate for 3-month periods that are as far into the future as 2018. Short-maturity
contracts trade for months other than March, June, September, and December.
However, these have relatively low open interest.

‘To understand how Eurodollar futures contracts work, consider the June 2007
contract in Table 6.1. The quoted settlement price on January 8, 2007, is 94.79. The
contract ends on the third Wednesday of the delivery month. In the case of this contract,
the third Wednesday of the delivery month is June 20, 2007. The contract is marked to
market in the usual way until that date. However, on June 20, 2007, the settiement price is
set equal to 100 — R, where R is the actual 3-month Eurodollar interest rate on that day,
expressed with quarterly compounding and an actual/360 day count convention. (Thus,
if the 3-month Eurodollar interest rate on June 20, 2007, turned out to be 4%, the final
settlement price would be 96.) There is a final settlement reﬂectlng this settlement price
and all contracts are declared closed.

The contract is designed so that a 1 basis point (= 0.01) move in the futures quote
corresponds to a gain or loss of $25 per contract. When a Eurodollar futures quote
increases by 1 basis point, a trader who is long one contract gains $25 and a trader who is
short one contract loses $25. Similarly, when the quote decreases by 1 basis point a trader
who is long one contract loses $25 and a trader who'is short one contract gains $25.
Suppose, for example, that the settlement price changes from 94.79 to 94.90 between
January 8, 2007, and January 9, 2007. Traders with long positions gain 11 x 25 = $275
per contract; traders with short positions lose $275 per contract. The $25 per basis point
rule is consistent with the point made earlier that the contract locks in an interest rate on
$1 million dollars for 3 months. When an interest rate per year changes by 1 basis point,
the interest earned on 1 million dollars for 3 months changes by

1,000,000 x 0.0001 x 0.25 = 25

or-$25. Since the futures quote is 100 minus the futures interest rate, an investor who is
long gains when interest rates fall and one who is short gains when interest rates rise.

Example 6.3

On January 8, 2007, an investor wants to lock in the interest rate that will be
earned on $5 million for 3 months starting on June 20, 2007. The investor buys
five June07 Eurodollar futures contracts at 94.79. On June 20, 2007, the 3-month
LIBOR interest rate is 4%, so that the final settlement price proves to be 96.00.
The investor gains 5 x 25 x (9,600 — 9,479) = $15,125 on the long futures posi-
tion. The interest earned on the $5 million for 3 months at 4% is

5,000,000 x 0.25 x 0.04 = 50,000

or $50,000. The gain on the futures contract brings this up to $65,125. This is the
interest that would have been earned if the interest rate had been 5.21%
(5,000,000 x 0.25 x 0.0521 = 65,125). This illustration shows that the futures trade
has the effect of locking in an interest rate equal to (100 — 94.79)%, or 5.21%.
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The exchange defines the contract price as
10,000 x [100 - 0.25 x (100— Q)] 62)

where Q is the quote. Thus, the settlement price of 94.79 for the June 2007 contract in
Table 6.1 corresponds to a contract price of

10,000 x {100 — 0.25 x (100 — 94.79)] = $986,975
In Example 6.3, the final contract price is _
10,000 x [100 — 0.25 x (100 — 96)] = $990,000

and the difference between the initial and final contract price is $3,025, so that an
investor with a long position in five contracts gains 5 x 3,025 dollars, or $15,125. This is
consistent with the “$25 per 1 basis point move” rule used in Example 6.3.

We can see from Table 6.1 that the interest rate term structure in the United States
was downward-sloping on January 8, 2007. The futires rate for a 3-month period
beginning in January 17, 2007, was 5.3575%,; for a 3-month period beginning June 20,
2007, it was 5.21%; for a 3-month period beginning September 19, 2007, it was 5.045%;
and for a 3-month period beginning December 19, 2007, it was 4.91%.

Other contracts similar to the CME Eurodollar futures contract trade on interest rates
in other countries. The CME trades Euroyen contracts. The London International
Financial Futures and Options Exchange (part of Euronext) trades 3-month Euribor
contracts -(i.e., contracts on the 3-month LIBOR rate for the euro) and 3-month
Euroswiss futures

‘Forw_ard 'vs. Futures Interest Rates

The Eurodollar futures contract is similar to a forward rate agreement (FRA: see
Section 4.7) in that it locks in an interest rate for a future period. For short maturities
(up to a year or so), the two contracts can be assumed to be the same and the
Eurodollar futures interest rate can be assumed to be the same as the corresponding
forward interest rate. For longer-dated contracts, differences between the contracts
become important. Compare a Eurodollar futures contract on an interest rate for the
period between times T and T, with an FRA for the same period. The Eurodollar
futures contract is settled daily. The final settlement is at time T} and reflects the realized
interest rate for the period between times T; and T5. By contrast the FRA is not settled
daily and the final settlement reflecting the realized interest rate between times T} and T,
is made at time T,.2

There are therefore two differences between a Eurodollar futures contract and an
FRA. These are:

1. The difference between a Eurodollar futures contract and a similar contract where
there is no daily settlement. The latter is a forward contract where a payoff equal
to the difference between the forward interest rate and the realized interest rate is
paid at tlme 7. ' '

. e ’
2 Asmentioned in Section 4.7, settlement may occur at time Tj, but it is then equal to the present value of the
normal forward contract payoff at time T;.
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2. The difference between a forward contract where thete is settlement at time T1 and
a forward contract where there is settlement at time Ts.

These two components to the difference between the contracts cause some confusion in

- practice. Both decrease the forward rate relative to the futures rate, but for long-dated

contracts the reduction caused by the second difference is much smaller than that
caused by the first. The reason why the first difference (daily settlement) decreases
the forward rate follows from the arguments in Section 5.8. Suppose you have a
contract where the payoff is Ry — Ry at time Tj, where Ry is a predetermined rate
for the period between T; and T, and Ry, is the realized rate for this period, and you
have the option to switch to daily settlement. In this case daily settlement tends to lead

" to cash inflows when rates are high and cash outflows when rates are low. You would

therefore find switching to daily settlement to be attractive because you tend to have
more money in your margin account when rates are high. As a result the market would
therefore set Ry higher for the daily settlement alternative (reducing your cumulative
expected payoff). To put this the other way round, switching from daily settlement to
settlement at time T; reduces Rp.

To understand the reason why the second difference reduces the forward rate,
suppose that the payoff of Ry = R is at time T, instead of T; (as it is for a regular
FRA). If R, is high, the payoff is positive. Because rates are high, the cost to you of
having the payoff that you receive at time T, rather than time T; is relatively high. If R,
is low, the payoff is negative. Because rates are low, the benefit to you of having the
payoff you make at time 7, rather than time T; is relatively low. Overall you would
rather have the payoff at time Tl If it is at time T, rather than Ty, you must be
compensated by a reduction in Rp.>

Analysts make.what is known as a convexity adjustment to account for the total
difference between the two rates. One popular adjustment is*

Forward rate = Futures rate — 16°T) T (6.3)

where, as above, T is the time to maturity of the futures contract and T, is the time to
the maturity of the rate underlying the futures contract. The variable o is the standard
deviation of the change in the short-term interest rate in 1 year. Both rates are expressed
with continuous compounding.® A typical value for ¢ is 1.2% or 0.012.

Example 6.4 ' . A

Consider the situation where o = 0.012 and we wish to calculate the forward rate
when the 8-year Eurodollar futures price quote is 94. In this case T; =38,
T, = 8.25, and the convexity adjustmentf is

1% 0.0122 x 8 x 8.25 = 0.00475

or 0.475% (47.5 basis points). The futures rate is 6% per annum on an actual/360

3 Quantifying the effect of this type of timing difference on the value of a derivative is discussed further in
Chapter 29. S

* See Technical Note 1 on the author’s website for a proof of this.

5 ‘This formula is based on the Ho-Lee interest rate model, which will be discussed in Chaptef 30.See T.S.Y.
Ho and S.-B. Lee, “Term structure movements and pricing interest rate contingent claims,” Journal of
Finance, 41 (December 1986), 101_1—29. - -
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basis with quarterly compounding, This corresponds to 1.5% per 90 days or an
annual rate of (365/90)1n 1.015 = 6.038% with continuous compounding and an
actual/365 day count. The estimate of the forward rate given by equation (6.3),
therefore, is 6.038 — 0.475 = 5.563% per annum with continuous compounding.
The table below shows how the size of the adjustment increases with the time to

maturity. '
Maturity of futures _ Convexity adjustments
(pears) (basis points)
2 - 3.2
4 . . 12.2
6 27.0
8 ' 415

10 - 18

We can see from this table that the size of the adjustment is roughly propor-
tional to the square of the time to maturity of the futures contract. Thus the
convexity adjustment for the 8-year contract is approximately 16 times that for
a 2-year contract. '

Using Eurodollar Futures to Extend the LIBOR Zero Curve

The LIBOR zero curve out to 1 year is determined by the 1-month, 3-month, 6-month,
and 12-month LIBOR rates. Once the convexity adjustment just described has been
made, Eurodollar futures are often used to extend the zero curve. Suppose that the ith
Eurodollar futures contract matures at time 7; (i = 1,2,...). It is usually assumed that
the forward interest rate calculated from the ith futures contract applies to the period T
to T;;;. (In practice this is close to true.) This enables a bootstrap procedure to be used
to determine zero rates. Suppose that F; is the forward rate calculated from the ith
Eurodollar futures contract and R is the zero rate for a maturity T;. From equation (4.5),

F - Rl — R T,
' LT
so that
FAT..i = T+ RT,
Ri+l — 1( i+1 1)+ idi (64)

T
Other Euro rates such as Euroswiss, Euroyen, and Euribor are used in a similar way.

Example 6.5

The 400-day LIBOR zero rate has been calculated as 4.80% with continuous
compounding and, from Eurodollar futures quotes, it has been calculated that
(a) the forward rate for a 90-day period beginning in 400 days is 5.30% with
continuous compounding, (b) the forward rate for a 90-day period beginning in
491 days is 5.50% with continuous compounding, and (c) the forward rate for a
90-day period beginning in 589 days is 5.60% with continuous compounding. We
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6.4

can use equation (6.4) to obtain the 491-day rate as

0.053 x 91 4 0.048 x 400 — 0.04893
491
or 4.893%. Similarly we can use the second forward rate to obtain the 589-day
rate as
, 058 x99+ 0493 X BN _ ougos

or 4.994%. The next forward rate of 5.60% would be used to determine the zero
curve out to the maturity of the next Eurodollar futures contract. (Note that, even
though the rate underlying the Eurodollar futures contract is a 90-day rate, it is
assumed to apply to the 91 or 98 days elapsing between Eurodollar contract
maturities,) ' '

DURATION-BASED HEDGING STRATEGIES USING FUTURES

We discussed duration in Section 4.8. Consider the situation where a position in an
asset that is interest rate dependent, such as a bond portfolio or a money market
security, is being hedged using an interest rate futures contract. Define:

F¢: Contract price for the interest rate futures contract

Dg: Duration of the asset underlying the futures contract at the maturity of the
futures contract

P: Forward value of the portfolio being hedged at the maturity of the hedge (in
practice, this is usually assumed to be the same as the value of the portfolio
today)

Dp: Duration of the portfolio at the maturity of the hedge

If we assume that the change in the yield, Ay, is the same for all maturities, which
means that only parallel shifts in the yield curve can occur, it is approximately true that

AP = —PDp Ay
It is also approximately true that
AFC = _FCDF Ay

The number of contracts required to hedge against an uncertain Ay, therefore, is

_ PDp

N*=
FcDp

6.5)

This is the duration-based hedge ratio. It is sometimes also called the price sensitivity
hedge ratio.® Using it has the effect of making the duration of the entire position zero.

When the hedging instrument is a Treasury bond futures contract, the hedger must
base Dy on an assumption that one particular bond will be delivered. This means that
the hedger must estimate which of the available bonds is likely to be cheapest to deliver

8 For a more detailed discussion of equation (6.5), see R.J. Rendleman, “Duration-Based Hedging with
Treasury Bond Futures,” Journal of Fixed Income 9, 1 (June 1999): 84-91.
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at the time the hedge is put in place. If, subsequently, the interest rate environment
changes so that it looks as though a different bond will be cheapest to deliver, then the
hedge has to be adjusted and its performance may be worse than anticipated.

When hedges are constructed using interest rate futures, it is important to bear in
mind that interest rates and futures prices move in opposite directions. When interest
rates go up, an interest rate futures price goes down. When interest rates go down, the
reverse happens, and the interest rate futures price goes up. Thus, a company in a
position to lose money if interest rates drop should hedge by taking a long futures
position. Similarly, a company in a position to lose money if interest rates rise should
hedge by taking a short futures position.

The hedger tries to choose the futures contract so that the duration of the underlying

‘asset is as close as possible to the duration of the asset being hedged. Eurodollar futures

tend to be used for exposures to short-term interest rates, whereas Treasury bond and
Treasury note futures contracts are used for exposures.to longer-term rates.

Example 6.6

Itis August 2 and a fund manager with $10 million invested in government bonds is
concerned that interest rates are expected to be highly volatile over the next

- 3months. The fund manager decides to use the December T-bond futures contract
to hedge the value of the portfolio. The current futures price is 93-02, or 93.0625.
Because each contract is for the delivery of $100,000 face value of bonds, the futures
contract price is $93,062.50.

Suppose that the duration of the bond portfolio in 3 months will be 6.80 years.
The cheapest-to-deliver bond in the T-bond contract is expected to be a 20-year
12% per annum coupon bond. The yield on this bond is currently 8.80% per
annum, and the duration will be 9.20 years at maturity of the futures contract.

The fund manager requires a short position in T-bond futures to hedge the
bond portfolio. If interest rates go up, a gain will be made on the short futures
position, but a loss will be made on the bond portfolio. If interest rates decrease, a
loss will be made on the short position, but there will be a gain on the bond
portfolio. The number of bond futures contracts that should be shorted can be
calculated from equation (6.5) as

10,000,000  6.80

5306050 <920 %

To the nearest whole number, the portfolio manager should short 79 contracts.

HEDGING PORTFOLIOS OF ASSETS AND LIABILITIES

Financial institutions sometimes attempt to hedge themselves against interest rate risk
by ensuring that the average duration of their assets equals the average duration of their
liabilities. (The Liabilities can be regarded as short positions in bonds.) This strategy is
known as duration matching ot portfolio immunization. When implemented, it ensures
that a small parallel shift in interest rates will have little effect on the value of the
portfolio of assets and liabilities. The gain (loss) on the assets should offset the loss
(gain) on the liabilities.
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Busmess Snapshot 6.3 Asset—L1ab111ty Management by. Banks

As described in Business Snapshot 43 in the 1960s 1970s, and 1980s many Savings
and Loans and some banks in the United States made the mistake of funding long-
| term loans with. short- term deposrts Th1s led to some spectacular fatlures by these
financial institutions. _

‘The asset—habrhty management (ALM) commlttees of banks now momtor therr
’exposure to interest rates very “carefully. Matchlng the durations. of assets and
liabilities is a ﬁrst step, but this does not protect-a bank agalnst nonparallel shifts
in the yield curve. A popular approach is known as GAP ‘management. This involves
dividing the zero-coupon yield curve into_segments, known as buckets The first
bucket. ‘might be 0 to 1 month, the. second 1 to 3-months, and 50.on, The ALM
committee then investigates the effect on the values of both assets and liabilities of the
ZETO rates. correspondrng to ‘one bucket changrng while: those correspondmg to all
other buckets staying the same. : .

If there is-a mismatch, corrective actton 1s usually taken Luckrly banks today have
‘many more tools to manage their exposures to.interest'rates-than. they had in the
1960s. These tools include swaps, FRAs, bond futures Eurodollar futures .and other:
interest rate derlvatwes :

Duration matching does not immunize a portfolio against nonparallel shifts in the
zero curve. This is a weakness of the approach. In practice, short-term rates are usually
more volatile than, and are not perfectly correlated with, long-term rates. Sometimes it
even happens that short- and long-term rates move in opposite directions to each
other. Duration matching is therefore only a first step and financial institutions have
developed other tools to help them manage their interest rate exposure See Business

“Snapshot 6.3.

SUMMARY

Two very popular interest rate contracts are the Treasury bond and Eurodollar futures
contracts that trade in the United States. In the Treasury bond futures contracts, the
party with the short position has a number of interesting delivery options:

1. Delivery can be made on any day during the delivery month.
2. There are a number of alternative bonds that can be delivered.

3. On any day during the delivery month, the notice of intention to deliver at the
2:00 p.m. settlement price can be made any time up to 8:00 p.m.

These options all tend to reduce the futures price.

The Eurodollar futures contract is a contract on the 3-month rate on the third
Wednesday of the delivery month. Eurodollar futures are frequently used to estimate
LIBOR forward rates for the purpose of constructing a LIBOR zero curve. When long-
dated contracts are used in this way, it is important to make what is termed a convexity
adjustment to allow for the marking to market in the futures contract.

The concept of duration is important in hedging interest rate risk. It enables a hedger
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to assess the sensitivity of a bond portfolio to small parallel shifts in the yield curve. It

also enables the hedger to assess the sensitivity of an interest rate futures price to small , -

changes in the yield curve. The number of futures contracts necessary to protect the bond
portfolio against small parallel shifts in the yield curve can therefore be calculated.

The key assumption underlying the duration-based hedging scheme is that all interest
rates change by the same amount. This means that only parallel shifts in the term
structure are allowed for. In practice, short-term interest rates are generally more
volatile than are long-term interest rates, and hedge performance is liable to be poor
if the duration of the bond underlying the futures contract differs markedly from the
“duration of the asset being hedged. '
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Questions and Problems (Answers in Solutions Manual)

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

A US Treasury bond pays a 7% coupon on January 7 and July 7. How much interest
accrues per $100 of principal to the bondholder between July 7, 2009, and August 9, 2009?
How would your answer be different if it were a corporate bond?

It is January 9, 2009. The price of a Treasury bond with a 12% coupon that matures on
October 12, 2020, is quoted as 102-07. What is the cash price?

How is the conversion factor of a bond calculated by the Chicago Board of Trade? How is
it used? :

A Eurodollar futures price changes from 96.76 to 96.82. What is the gain or loss to an
investor who is long two contracts?

What is the purpose of the convexity adjustment made to Eurodollar futures rates? Why is
the convexity adjustment necessary?

The 350-day LIBOR rate is 3% with continuous compounding and the forward rate
calculated from a Eurodollar futures contract that matures in 350 days is 3.2% with
continuous compounding. Estimate the 440-day zero rate.

It is January 30. You are managing a bond portfolio worth $6 million. The duration of
the portfolio in 6 months will be 8.2 years. The September Treasury bond futures price is
currently 108-15, and the cheapest-to-deliver bond will have a duration of 7.6 years in
September. How should you hedge agamst changes in interest rates over the next
6 months?

The price of a 90-day T-reasury bill is quoted as 10.00. What continuously compounded
return (on an actual/365 basis) does-an investor earn on the Treasury bill for the 90-day
period?
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6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

It is May 5, 2008. The quoted price of a government bond with a 12% -coupon that
matures on July 27, 2011, is 110-17. What is the cash price?

Suppose that the Treasury bond futures price is 101-12. Which of the following four
bonds is cheapest to deliver? _

Bond Price | .Conversz'on factor
1 125-05 - 12131
2 142-15- - 1.3792
3 115-31 1.1149
4 144-02 1.4026

Itis July 30, 2009. The cheapest-to-deliver bond in a September 2009 Treasury bond futures
contract is a 13% coupon bond, and delivery is expected to be made on September 30, 2009.
Coupon payments on the bond are made on February 4 and August 4 each year. The term
structure is flat, and the rate of interest with semiannual compounding is 12% per annum.
The conversion factor for the bond is 1.5. The current quoted bond price is $110. Calculate
the quoted futures price for the contract.

An investor is looking for arbitrage opportunities in the Treasury bond futures market.
What complications are created by the fact that the party with a short pos1t10n can choose
to deliver any bond with a maturity of over 15 years?

Suppose that the 9-month LIBOR interest rate is 8% per annum and the 6-month LIBOR
interest rate is 7.5% per annum (both with actual/365 and.continuous compounding).

‘Estimate the 3-month Eurodollar futures price quote for a contract maturing in 6 months.

-Suppose that the 300-day LIBOR zero rate is 4% and Eurodollar quotes for contracts

maturing in 300, 398, and 489 days are 95.83, 95.62, and 95.48. Calculate 398-day and
489-day LIBOR zero rates. Assume-no difference between forward and futures rates for

. the purposes of your calculations.

6.15.

6.16.

6.17.

6.18.

6.19.

Suppose that a bond portfolio with a duration of 12 years is hedged using a futures
contract in which the underlying asset has a duration of 4 years. What is likely to be the
impact on the hedge of the fact that the 12-year rate is less volatile than the 4-year rate?

Suppose that it is February 20 and a treasurer realizes that on July 17 the company will
have to issue $5 million of commercial paper with a maturity of 180 days. If the paper

‘were issued today, the company would realize $4,820,000. (In other words, the company

would receive $4,820,000 for its paper and have to redeem it at $5,000,000 in 180 days’
time.) The September Eurodollar futures price is quoted as 92.00. How should the
treasurer hedge the company’s exposure?

On August 1, a portfolio manager has a bond portfolio worth $10 million. The duration
of the portfolio in October will be 7.1 years. The December Treasury bond futures price is
currently 91-12 and the cheapest-to-deliver bond will have a duration of 8.8 years at
maturity. How should the portfolio manager immunize the portfolio against changes in
interest rates over the next 2 months?

How can the portfolio manager change the duration of the portfolio to 3.0 years in
Problem 6.177

Between October 30, 2009, and November 1,-2009, you have a choice between owning a
US government bond paying a 12% coupon and a US corporate bond paying a 12%
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coupon. Consider carefully the day count conventions discussed in this chapter and decide
which of the two bonds you would prefer to own. Ignore the risk of default.

Suppose that a Eurodollar futures quote is 88 for a contract maturing in 60 days. What is
the LIBOR forward rate for the 60- to 150-day period? Ignore the difference between
futures and forwards for the purposes of this question.

The 3-month Eurodollar futures price for a contract maturing in .6 years is quoted as
95.20. The standard deviation of the change in the short-term interest rate in 1 year is
1.1%. Estimate the forward LIBOR interest rate for the period between 6.00 and 6.25 years
in the future. .

Explain why the forward interest rate is less than the correspondmg futures interest rate
calculated from a Eurodollar futures contract.

Assignment Questions

.6.23.

6.24.

6.25.

6.26.

Assume that a bank can borrow or lend money at the same interest rate in the LIBOR
market. The 90-day rate is 10% per annum, and the 180-day rate is 10.2% per annum,
both expressed with continuous compounding and actual/actual day count. The Euro-
dollar futures price for a contract maturing in ‘91 days is quoted as 89.5. What arbltrage
opportunities are open to the bank?

A Canadian company wishes to create a Canadian LIBOR futures contract from a US
Eurodollar futures contract and forward contracts on foreign exchange. Using an
example, explain how the company should proceed. For the purposes of this problem,
assume that a futures contract is the same as a forward contract.

The futures price for the June 2009 CBOT bond futures contract is 118-23.

(a) Calculate the conversion factor for a bond maturing on January 1, 2025, paying a
coupon of 10%.

(b) Calculate the conversion factor for a bond maturing on October 1, 2030, paying a
coupon of 7%.

(c), Suppose that the quoted prices of the bonds in (a) and (b) are 169.00 and 136.00,
respectively. Which bond is cheaper to deliver?

(d) Assuming that the cheapest-to-deliver bond is actually delivered on June 25, 2009,
what is the cash price received for the bond?

A portfolio manager plans to use a Treasury bond futures contract to hedge a bond

portfolio over the next 3 months. The portfolio is worth $100 million and will have a

duration of 4.0 years in 3 months. The futures price is 122, and each futures contract is on

$100,000 of bonds. The bond that is expected to be cheapest to deliver will have a

duration of 9.0 years at the maturity of the futures contract. What position in futures

contracts is required?

(a) What adjustments to the hedge are necessary if after 1 month the bond that is
expected to be cheapest to deliver changes to one with a duration of 7 years?

(b) Suppose that all rates increase over the next 3 months, but long-term rates increase
less than short-term and medium-term rates. What is the effect of this on the
performance of the hedge?




The first swap contracts were negotiated in the early 1980s. Since then the market has
seen phenomenal growth. Swaps now occupy a position of central importance in the
over-the-counter derivatives market.

A swap is an agreement between two companies to exchange cash flows in the future.

~ The agreement defines the dates when the cash flows are to be paid and the way in
which they are to be calculated. Usually the calculation of the cash flows involves the
future value of an interest rate, an exchange tate, or other market variable.

A forward contract can be viewed as a simple example of a swap. Suppose it is
March 1, 2009, and a company enters into a forward contract to buy 100 ounces of gold
for $900 per ounce in 1 year, The company can sell the gold in 1 year as soon as it is
received. The forward contract is therefore equivalent to a swap where the company
agrees that on March 1, 2010, it will pay $90,000 and receive 1008, where S is the
market price of 1 ounce of gold on that date.

Whereas a forward contract is equivalent to the exchange of cash flows on just one
future date, swaps typically lead to cash flow exchanges on several future dates. In this
chapter we examine how swaps are designed, how they are used, and how they are
valued. Most of this chapter focuses on two popular swaps: plain vanilla interest rate
swaps and fixed-for-fixed currency swaps. Other types of swaps are briefly reviewed at
the end of the chapter and discussed in more detail in Chapter 32.©

7.1 MECHANICS OF INTEREST RATE SWAPS

The most common type of swap is a “plain vanilla” interest rate swap. In this swap a
company agrees to pay cash flows equal to interest at a predetermined fixed rate on a
notional principal for a number of years. In return, it receives interest at a floating rate
on the same notional principal for the same period of time.

LIBOR

The floating rate in most interest rate swap agreements is the London Interbank Offered
Rate (LIBOR). We introduced this in Chapter 4. It is the rate of interest at which a bank
is prepared to deposit money with other banks in the Eurocurrency market. Typically,
1-month, 3-month, 6-month, and 12-month LIBOR are quoted in all major currencies.

147
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Just as prime is often the reference rate of interest-for floating-rate loans in the
domestic financial market, LIBOR is a reference rate of interest for loans in inter-
national financial markets. To understand how it is used, consider a 5-year bond with a
rate of interest specified as 6-month LIBOR plus 0.5% per annum. The life of the bond
is divided into 10-periods, each 6 months in length. For each period, the rate of interest
is set at 0.5% per annum above the 6-month LIBOR rate at the beginning of the period.

‘Interest is paid at the end of the period.

Hlustration | |
Consider a hypothetical 3-year swap initiated on March 5, 2007, between Microsoft and
Intel. We suppose Microsoft agrees to pay Intel an interest rate of 5% per annum on a

principal of $100 million, and in return Intel agrees to pay Microsoft the 6-month
LIBOR rate on the same principal. Microsoft is the fixed-rate payer; Intel is the floating-

. rate payer. We assume the agreement specifies that payments are to be exchanged every

6 months and that the 5% interest rate is quoted with semiannual compounding. This
swap 1s rep_resented diagrammatically in Figure 7.1. _
The first exchange of payments would take place on September 5, 2007, 6 months

. after the initiation of the agreement. Microsoft would pay Intel $2.5 million. This is the

interest on the $100 million principal for 6 months at 5%. Intel would pay Microsoft
interest on the $100 million principal at the 6-month LIBOR rate prevailing 6 months
prior to September 5, 2007—that is, on March 5, 2007. Suppose that the 6-month
LIBOR rate on March 5, 2007, is 4.2%. Intel pays Microsoft 0.5 x 0.042 x $100 =
$2.1 million.! Note that there is no uncertainty about this first exchange of payments
because it is determined by the LIBOR rate at the time the contract is entered into.

The second exchange of payments would take place on March 5, 2008, a year after the
initiation of the agreement. Microsoft would pay $2.5 million to Intel. Intel would pay
interest on the $100 million principal to Microsoft at the 6-month LIBOR rate prevailing
6 months prior to March 5, 2008—that is, on September 5, 2007. Suppose that the
6-month LIBOR rate on September 5, 2007, is 4.8%. Intel pays 0.5 x 0.048 x $100 =
$2.4 million to Microsoft.

In total, there are six exchanges of payment on the swap. The fixed payments are
always $2.5 million. The floating-rate payments on a payment date are calculated
using the 6-month LIBOR rate prevailing 6 months before the payment date. An
interest rate swap is generally structured so that one side remits the difference between
the two payments to the other side. In our example, Microsoft would pay Intel
$0.4 million (= $2.5 million — $2.1 million) on September 5, 2007, and $0.1 million
(= $2.5 million — $2.4 million) on March 5, 2008.

Figure 7.1 Interest rate swap between Microsoft and Intel.

5.0%

Intel .| Microsoft

LIBOR

! The calculations here are simplified in that they ignore day count conventions. This point is discussed in
more detail later in the chapter.
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Table 7.1 Cash flows (millions of ddllars)_td Microsoft in a $100 million 3-year

interest rate swap when a fixed rate of 5% is paid and LIBOR is received.

Date Six-month LIBOR Floating cash ﬂow Fixed cash flow Net cash ﬂow
rate (%) received paid

Mar. 5, 2007 4.20 _ _ _
Sept. 5, 2007 4.80 4+2.10 ~2.50 -0.40

- Mar. 5, 2008 5.30 +2.40 -2.50 ~0.10
Sept. 5, 2008 5.50 +2.65 -2.50 40.15
Mar. 5, 2009 5.60 +2.75 ~-2.50 +0.25
‘Sept. 5, 2009 5.90 +2.80 -2.50 +0.30
Mar. §, 2010 +2.95 -2.50 +0.45

Table 7.1 provides a complete example of the payments made under the swap for one
particular set of 6-month LIBOR rates. The table shows the swap cash flows from the
perspective of Microsoft. Note that the $100 million principal is used only for the
calculation of interest payments. The principal itself is not exchanged. For this reason it
is termed the notional principal, or just the notional. ‘ |

If the principal were exchanged at the end of the 11fe of the swap, the nature of the
deal would not be changed in any way. The principal is the same for both the fixed and

-floating payments. Exchanging $100 million for $100 million at the end of the life of the

swap is a transaction that would have no financial value to either Microsoft or Intel.
Table 7.2 shows the cash flows in Table 7.1 with a final exchange of principal added in.
This provides an mterestmg way of viewing the swap. The cash flows in the third
column of this table are the cash flows from a long position in a floating-rate bond. The
cash flows in the fourth column of the table are the cash flows from a short position in a
fixed-rate bond. The table shows that the swap can be regarded as the exchange-of a
fixed-rate bond for a floating-rate bond. Microsoft, whose position is described by
Table 7.2, is long a floating-rate bond and short a fixed-rate bond. Intel is long a fixed-
rate bond and short a floating-rate bond.

Table 7.2 Cash flows (millions of dollars) from Table 7.1 when there is a final
exchange of principal.

Six-month LIBOR Floating cash flow Fixed cash flow Net cash flow

Date

rate (%) received - paid
Mar. 5, 2007 420
Sept. 5, 2007 4.80 +2.10 -2.50 —0.40
Mar. 5, 2008 - 530 1240 ~2.50 -0.10
Sept. 5, 2008 5.50 +2.65 -2.50 +0.15
Mar. 5, 2009 5.60 +2.75 -2.50 +0.25
Sept. 5, 2009 5.90 +2.80 -2.50 +0.30
Mar. §, 2010 +102.95 -102.50

+0.45
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This characterization of the cash flows in the swap helps to explain why the floating ~
rate in the swap is set 6 months before it is paid. On a floating-rate bond, interest is
generally set at the beginning of the period to which it will apply and is paid at the end

- of the period. The calculation of the floating-rate payments in a “plain vanilla” interest

rate swap such as the one in Table 7.2 reflects this.

Using the Swap to Transform a Liability

"~ For Microsoft, the swap could be used to transform a floating-rate loan into a fixed-rate

loan. Suppose that Microsoft has arranged to borrow $100 million at LIBOR plus
10 basis points. (One basis point is one-hundredth- of 1%, so the rate is LIBOR
plus 0.1%.) After Microsoft has entered into the swap, it has the following three sets
of cash flows: |

L. It pays LIBOR plus 0.1% to its outside lenders.
2. It receives LIBOR under the terms of the swap.
3. It pays 5% under the terms of the swap.

These three sets of cash flows net out to an interest rate payment of 5.1%. Thus, for
Microsoft, the swap could have the effect of transforming borrowings at a floating rate
of LIBOR plus 10 basis points into borrowings at a fixed rate of 5.1%.

For Intel, the swap could have the effect of transforming a fixed-rate loan into a
floating-rate loan. Suppose that Intel has a 3-year $100 million loan outstanding on
which it pays 5.2%. After it has entered into the swap, it has the following three sets of
cash flows: : :

1. It pays 5.2% to its outside lenders.
2. It pays LIBOR under the terms of the swap.
3. It receives 5% under the terms of the swap.

These three sets of cash flows net out to an interest rate payment of LIBOR plus 0.2%
(or LIBOR plus 20 basis points). Thus, for Intel, the swap could have the effect of
transforming borrowings at a fixed rate of 5.2% into borrowings at a floating rate of
LIBOR plus 20 basis points. These potential uses of the swap by Intel and Microsoft
are illustrated in Figure 7.2.

Using the Swap to Transform an Asset

Swaps can also be used to transform the nature of an asset. Consider Microsoft in our
example. The swap could have the effect of transforming an asset earning a fixed rate of
interest into an asset earning a floating rate of interest. Suppose that Microsoft owns
$100 million in bonds that will provide interest at 4.7% per annum over the next 3 years.

Figure 7.2 Microsoft and Intel use the swap to transform a liability.

3.2% ' 5%
<  Intel

.| Microsoft b——————

LIBOR LIBOR +0.1%
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Figure 7.3 Microsoft and Intel use the swap to transform an asset.

% . 4.7%
R Intel > Microsoft ———e——

LIBOR - 0.2% / LIBOR

After Microsoft has entered into the swap, it has the following three sets of cash flows:

1. It receives 4.7% on the bonds.
2. It receives LIBOR under the terms of the swap.
3. Tt pays 5% under the terms of the swap.

These three sets of cash flows net out to an interest rate inflow of LIBOR minus 30 basis
points. Thus, one possible use of the swap for Microsoft is to transform an asset
earning 4.7% into an asset earning LIBOR minus 30 basis points.

Next, consider Intel. The swap could have the effect of transforming an asset earning
a floating rate of interest into an asset earning a fixed rate of interest. Suppose that Intel
has an investment of $100 million that yields LIBOR minus 20 basis points. After 1t has
entered into the swap, it has the following three sets of cash flows:

1. It receives LIBOR minus 20 basis points on its investment.
2. It pays LIBOR under the terms of the swap.
- 3. It receives 5% under the terms of the swap.

These three sets of cash flows net out to an interest rate inflow of 4.8%. Thus, one
possible use of the swap for Intel is to transform an asset earning LIBOR minus 20 basis
points into an asset-earning 4.8%. These potential uses of the swap by Intel and
Microsoft are illustrated in Figure 7.3.

Role of Financial Intermediary

Usually two nonfinancial companies such as Intel and Microsoft do not get in touch
directly to arrange a swap in the way indicated in Figures 7.2 and 7.3. They each deal
with a financial intermediary such as a bank or other financial institution. ‘“Plain
vanilla” fixed-for-floating swaps on US interest rates are usually structured so that
the financial institution earns about 3 or 4 basis points (0.03% or 0.04%) on a pair of
offsetting transactions.

Figure 7.4 shows what the role of the financial institution might be in the situation in
Figure 7.2. The financial institution enters into two offsetting swap transactions with

Figure 7.4 Interest rate swap fror_n Figure 7.2 when financial institution is involved.

529 4.985% , 5.015%
=70 € Financial [* ,
- Intel inStitu’[iOll Mlcrosoft e

LIBOR LIBOR | LIBOR +0.1%

Y
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~ Figure 7.5 Interest rate swap from Figure 7.3 when financial institution is involved.

4.985% : 5.015%
' Financial [

. »| institution >
LIBOR - 0.2% LIBOR .LIBOR

>

4.7%
Microsoft f——e——o0

—>————  Intel

Inte] and Microsoft. Assuming that both companies honor their obligations, the
financial institution is certain to make a profit of 0.03% (3 basis points) per year
multiplied by the notional principal of $100 million. This amounts to $30,000 per year
for the 3-year period. Microsoft ends up borrowing at 5.115% (instead of 5.1%, as in
Figure 7.2), and Intel ends up borrowing at LIBOR plus 21.5 basis points (instead of at
LIBOR plus 20 basis points, as in Figure 7.2).

Figure 7.5 illustrates the role of the financial institution in the situation in Figure 7.3.
The swap is the same as before and the financial institution is certain to make a profit
of 3 basis points if neither-company defaults. Microsoft ends up earning LIBOR minus

* 31.5 basis points (instead of LIBOR minus 30 basis points, as in Figure 7.3), and Intel

ends up earning 4.785% (instead of 4.8%, as in Figure 7.3).

Note that in each case the financial -institution has two separate contracts: one with
Intel and the other with Microsoft. In most instances, Intel will not even know that . >~
fitancial institution has entered into an offsetting swap with Microsoft, and vice versa.
If one of the companies defaults, the financial institution still has to honor its
agreement with the other company. The 3-basis-point spread earned by the financial
institution is partly to compensate it for the risk that one of the two companies will
default on the swap payments. '

Market VMakers

In practice, it is unlikely that two companies will contact a financial institution at the

‘same time and want to take opposite positions in exactly the same swap. For this

reason, many large financial institutions act as market makers for swaps. This means
that they are prepared to enter into a swap without having an offsetting swap with
another counterparty.” Market makers must carefully quantify and hedge the risks they
are taking. Bonds, forward rate agreements, and interest rate futures are examples of the
instruments that can be used for hedging by swap market makers. Table 7.3 shows
quotes for plain vanilla US dollar swaps that might be posted by a market maker.’ As
mentioned earlier, the bid—offer spread is 3 to 4 basis points. The average of the bid and
offer fixed rates is known as the swap rafe. This is shown in the final column of
Table 7.3. '

Consider a new swap where the fixed rate equals the current swap rate. We can
reasonably assume that the value of this swap is zero. (Why else would a market maker
choose bid-offer quotes centered on the swap rate?) In Table 7.2 we saw that a swap can

2 This is sometimes referred to as warehousing swaps.

3 The standard swap in the United States is one where fixed payments made every 6 months are exchanged
for floating LIBOR payments made every 3 months. In Table 7.1 we assumed that fixed and floating
payments are exchanged every 6 months. The fixed rate should be almost exactly the same in both cases.
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Table 7.3  Bid and offer fixed rates in the-swap market and swap
rates (percent per annum).

Maturity (years) Bid Oﬁ’er o Swap rate

2 6.03 6.06 6.045
3 6.21 624 6225
4 635 639 6.370
5 647 651 6490
7 6.65 6.68 6.665
10 - 6.83 6.87 6.850

s¢ characterized as the d1ﬂ‘erence between a fixed-rate bond and a floating-rate bond.
define:

Bs,: Value of fixed-rate bond underlying the swap we are.considering
By Value of floating-rate bond underlying the swap we are considering

Since the swap is worth zero, it follows that

By, = By | (7.1

- We will use this result later in the chapter when discussing how the LIBOR /swap zero

7.2

_curve is determined.

DAY COUNT ISSUES

We discussed day count conventions in Section 6.1. The day count conventions affect
payments on a swap, and some of the numbers calculated in the examples we have given
do not exactly reflect these day count conventions. Consider, for example, the 6-month
LIBOR payments in Table 7.1. Because it is a US money market rate, 6-month LIBOR
is quoted on an actual/360 basis. The first floating payment in Table 7.1, based on the
LIBOR rate of 4.2%, is shown as §2.10 million. Because there are 184 days between
March 5, 2007, and September 5, 2007, it should be

100 x 0.042 x % = $2.1467 million
In general, a LIBOR-based floating-rate cash flow on a swap payment date is calculated
as LRn /360, where L is the principal, R is the relevant LIBOR rate, and n is the number
of days since the last payment date.

The fixed rate that is paid in a swap transaction is similarly quoted with a particular
day count basis being specified. As a result, the fixed payments may not be exactly equal
on each payment date. The fixed rate is usually quoted as actual/365 or 30/360. It is not
therefore directly comparable with LIBOR because it applies to a full year. To make the
rates approximately comparable, either the 6-month LIBOR rate must be multiplied by
365/360 or the fixed rate must be multiplied by 360/365.

For clarity of exposition, we will ignore day count issues in the calculations in the rest
of this chapter.
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Business Snapshot 7.1 Extract from Hypothe‘ucal Swap Conﬁrmatton

 Trade date: = . o _27~February-2007 o
Effective date: =~ © . 5March-2007

» Business day convention (all dates): o Followmg business day
Holiday calendar: Lo US RN B
'Termmatlon date '_: o 5March2010 o
Fixed amounts T .

Fixed-rate payer ST R Mlcrosoft R
Fixed-rate nottonal pnnelpal . USD.100 m11110n -

Fixed rate:. - - o L :5015% per annum

Fixed-rate day count: conventlon S -Actua1/365 -
'leed-rate payment dates S R Each 5- March and 5 September, :

_ ___.commencmg 5- September 2007,
oL e 'up to and mcludmg 5- March 2010
Floating"‘cimOuniS ‘ R

Floating-raté payer: -~ o ."Goldman Sachs

Floating-rate notional pnnctpal ~ USD 100 million -

Floating rate: - - 'USD - 6-month LIBOR
Floating-rate day count convention: . Actual/360-

Floating-rate payment dates: - : _' - “Each 5-March and 5- September

' commenctng 5- -September-2007,
- up:to-and including 5-March-2010

CONFIRMATIONS

A confirmation is the legal agreement underlying a swap and is signed by representatives
of the two parties. The drafting of confirmations has been facilitated by the work of the
International Swaps and Derivatives Association (ISDA; www.isda.org) in New York.
This organization has produced a number of Master Agreements that consist of clauses
defining in some detail the terminology used in swap agreements, what happens in the
event of default by either side, and so on. In Business Snapshot 7.1, we show a possible
extract from the confirmation for the swap shown in Figure 7.4 between Microsoft and
a financial institution (assumed here to be Goldman Sachs). Almost certainly, the full
confirmation would state that the provisions of an ISDA Master Agreement apply to
the contract.

The confirmation specifies that the following busmess day convention is to be used and
that the US calendar determines which days are business days and which days are
holidays. This means that, if a payment date falls on a weekend or a US holiday, the
payment is made on the next business day.* September 5, 2009, is a Saturday. The

4 Another business day convention that is sometimes specified is the' modified following business day
convention, which is the same as the following business day convention except that, when the next business
day falls in a different month from the specified day, the payment is made on the immediately preceding
business day. Preceding and modified preceding business day conventions are defined analogously.
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penultimate exchange of payments in the swap between Microsoft and Goldman Sachs is
therefore on Tuesday, September 8, 2009 (Monday, September 7, is Labor day, a
holiday).

THE COMPARATIVE-ADVANTAGE ARGUMENT

An explanation commonly put forward to explain the popularity of swaps concerns
comparative advantages. Consider the use of an interest rate swap to transform a
liability. Some companies, it is argued, have a comparative advantage when borrowing
in fixed-rate markets, whereas other companies have a comparative advantage in
floating-rate markets. To obtain a new loan, it makes sense for-a-company to' go to
the market where it has a comparative advantage. As a result, the company may borrow
fixed when it wants floating, or borrow floating when it wants fixed. The swap is used to
transform a fixed-rate loan into a floating-rate loan, and vice versa.

Suppose that two companies, AAACorp and BBBCorp, both wish to borrow
$10 million for 5 years and have been offered the rates shown in Table 7.4. AAACorp
has a AAA credit rating; BBBCorp has a BBB credit rating. We assume that BBBCorp
wants to borrow at a fixed rate of interest, whereas AAACorp wants to borrow at a
floating rate of interest linked to 6-month LIBOR. Because it has a worse credit rating
than AAACorp, BBBCorp pays a higher rate of interest than AAACorp in both fixed
and floating markets.

A key feature of the rates offered to AAACorp and BBBCorp is that the difference
between the two fixed rates is greater than the difference between the two floating rates.
BBBCorp pays 1.2% more than AAACorp in fixed-rate markets and only 0.7% more

- than AAACorp in floating-rate markets. BBBCorp appears to have a comparative

advantage in floating-rate markets whereas AAACorp appear’s t6 have a corparative
advantage in fixed-rate markets.® It is this apparent anomaly that can lead to a swap
being negotiated. AAACorp borrows fixed-rate funds at 4% per annum. BBBCorp
borrows floating-rate funds at LIBOR plus 0.6% per annum. They then enter into a
swap agreement to ensure that AAACorp ends up with ﬂoatmg rate funds and
BBBCorp ends up with fixed-rate funds.

Table 7.4 Borrowing rates that provide a basis for the
comparative-advantage argument.

Fixed Floating
AAACorp 4.0% 6-month LIBOR — 0.1%
BBBCorp 52% 6-month LIBOR + 0.6%

5 The credit ratings assigned to companies by S&P (in order of decreasing creditworthiness) are AAA, AA,
A, BBB, BB, B, CCC, CC, and C. The corresponding ratings assigned by Moody’s are Aaa, Aa, A, Baa, Ba,
B, Caa, Ca, and C, respectively.

§ Note that BBBCorp’s comparative advantage in floating-rate markets does not imply that BBBCorp pays
less than AAACorp in this market. It means that the extra amount that BBBCorp pays over the amount paid
by AAACorp is less in this market. One of my students summarized the situation as follows: “AAACorp pays
more less in fixed-rate markets; BBBCorp pays less more in floating-rate markets.”
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Flgure 7.6 Swap agreement between AAACorp and BBBCorp when rates in Table 74

apply.

.4.35%

AAACorp : >
4% | LBOR

BBBCorp

fr———
LIBOR +0.6%

To understand how this swap might work, we first assume that AAACorp and
BBBCorp get in touch with each other directly. The sort of swap they might negotiate
is shown in Figure 7.6. This is similar to our example in Figure 7.2. AAACorp agrees to
pay BBBCorp interest at 6-month LIBOR on $10 million. In return, BBBCorp agrees to
pay AAACorp interest at a fixed rate of 4.35% per annum on $10 million.

AAACorp has three sets of interest rate cash flows: :

1. It pays 4% per annum to outside lenders.
2. It receives 4.35% per annum from BBBCorp. -
3. It pays LIBOR to BBBCorp.

The net effect of the three cash flows is that AAACorp pays LIBOR minus 0. 35% per
annum. This is 0.25% per annum less than it would pay if it went directly to floating-
rate markets. BBBCorp also has three sets of interest rate cash flows:

1. It pays LIBOR + 0.6% per annum to outside lenders.
2, It receives LIBOR from AAACorp.
3. It pays 4. 35% per annum to AAACorp.

The net effect of the three cash flows is that BBBCorp pays 4.95% per annum. This is
0.25% per annum less than it would pay if it went directly to fixed-rate markets.

In this example, the swap has been structured so that the net gain to both sides is the
same, 0.25%. This need not be the case. However, the total apparent gain from this
type of interest rate swap arrangement is always a — b, where a is the difference between
the interest rates facing the two companies in fixed-rate markets, and b is the difference
between the interest rates facing the two companies in floating-rate markets. In this
case, a = 1.2% and b = 0.7%, so that the total gain is 0.5%.

If AAACorp and BBBCorp did not deal directly with each other and used a financial

~ institution, an arrangement such as that shown in Figure 7.7 might result. (This is
- similar to' the example in Figure 7.4.) In this case, AAACorp ends up borrowing at

Figure 7.7 Swap agreement between AAACorp and BBBCorp when rates in Table 7.4

apply and a financial intermediary is involved.

4%

-—]

AAACorp

»)

4.33%

LIBOR

Y

Financial
institution

4.37%

LIBOR |

BBBCorp

>

LIBOR +0.6%
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'LIBOR minus 0.33%, BBBCorp ends up borrowing at 4.97%, and the financial

institution earns a spread of 4 basis points per year. The gain to AAACorp is 0.23%;
the gain to BBBCorp is 0.23%; and the gain to the financial institution is 0.04%. The
total gain to all three parties is 0.50% as before. -

Criticism-of the Argument

" The comparative-advantage argument we have just outlined for explaining the attrac-

tiveness of interest rate swaps is open to question. Why in Table 7.4 should the spreads
between the rates offered to AAACorp and BBBCorp be different in fixed and floating
markets? Now that the swap market has been in existence for some time, we might
reasonably expect these types of differences to have been arbitraged away.

The reason that spread differentials appear to exist is due to the nature of the

_contracts available to companies in fixed and floating markets. The 4.0% and 5.2%

rates available to AAACorp and BBBCorp in fixed-rate markets are 5-year rates (e.g.,
the rates at which the companies-can issue 5-year fixed-rate bonds). The LIBOR — 0.1%
and LIBOR + 0.6% rates available to AAACorp and BBBCorp in floating-rate markets
are 6-month rates. In the floating-rate market, the lender usually has the opportunity to
review the floating rates every 6 months. If the creditworthiness of AAACorp or
BBBCorp has declined, the lender has the option of increasing the spread over LIBOR
that is charged. In extreme circumstances, the lender can refuse to roll over the loan at
all. The providers of fixed-rate financing do not have the option to change the terms of
the loan in this way.’

The spreads between the rates offered to AAACorp and BBBCorp are a reflection of

~ the extent to which BBBCorp is more likely than AAACorp to default. During the next

6 months, there is very little chance that either AAACorp or BBBCorp will default. As
we look further ahead, the probability of a default by a company with a relatively low
credit rating (such as BBBCorp) is liable to increase faster than the probability of a
default by a company with a relatively high credit rating (such as AAACorp). This is
why the spread between the 5-year rates is greater than the spread between the 6-month
rates.

After negotiating a floating-rate loan at LIBOR + 0.6% and entering into the swap
shown in Figure 7.7, BBBCorp appears to obtain a fixed-rate loan at 4.97%. The
arguments just presented show that this is not really the case. In practice, the rate paid
is 4.97% only if BBBCorp can continue to borrow floating-rate funds at a spread of
0.6% over LIBOR. If, for example, the credit rating of BBBCorp declines so that the
floating-rate loan is rolled over at LIBOR + 1.6%, the rate paid by BBBCorp increases
t0°5.97%. The market expects that BBBCorp’s spread over 6-month LIBOR will on
average rise during the swap’s life. BBBCorp’s expected average borrowing rate when it
enters into the swap is therefore greater than 4.97%.

The swap in Figure 7.7 locks in LIBOR — 0.33% for AAACorp for the whole of the

- next 5 years, not just for the next 6 months. This appears to be a good deal for

AAACorp. The downside is that it is bearing the risk of a default by the financial
institution. If it borrowed floating-rate funds in the usual way, it would not be bearing
this risk. '

7 If the floating-rate loans are structured so that the spread over LIBOR is guaranteed in advance regardless
of changes in credit rating, the spread differentials disappear.
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THE NATURE OF SWAP RATES

- At this stage it is appropriate to examine the nature of swap rates and the relationship

between swap and LIBOR markets. We explained in Section 4.1 that LIBOR is the rate of
interest at which AA-rated banks borrow for periods between 1 and 12 months from
other banks. Also, as indicated in Table 7.3, a swap rate is the average of (a) the fixed rate
that a swap market maker is prepared to pay in exchange for receiving LIBOR (its bid
rate) and (b) the fixed rate that it is prepared to receive in return for paying LIBOR (its
offer rate). ' o

Like LIBOR rates, swap rates are not risk-free lending rates. However, they are close
to risk-free. A financial institution can earn the 5-year swap rate on a certain principal
by doing the following:

1. Lend the principal for the first 6 months to a AA borrower and then relend it for
successive 6 month periods to other AA borrowers; and

2. Enter into a swap to exchange the LIBOR income for the 5-year swap rate.

This shows that the 5-year swap rate is an interest rate with a credit risk corresponding
to the situation where 10 consecutive 6-month LIBOR loans to AA companies. are
made. Similarly the 7-year swap rate is an interest rate with a credit risk corresponding
to the situation where 14 consecutive 6-month LIBOR loans to AA companies are
made. Swap rates of other maturities can be interpreted analogously. _

Note that 5-year swap rates are less than 5-year AA borrowing rates. It is much more
attractive to lend money for successive 6-month periods to borrowers who are ‘always
AA at the beginning of the periods than to lend it to one borrower for the whole 5 years
when all we can be sure of is that the borrower is AA at the beginning of the 5 years.

' DETERMINING LIBOR/SWAP ZERO RATES

We explained in Section 4.1 that derivative traders tend to use LIBOR rates as a proxies
for risk-free rates when valuing derivatives. One problem with LIBOR rates is that
direct observations are possible only for maturities out.to 12 months. As described in
Section 6.3, one way of extending the LIBOR zero curve beyond 12 months is to use
Eurodollar futures. Typically Eurodollar futures are used to produce a LIBOR zero
curve out to 2 years—and sometimes out to as far as 5 years. Traders then use swap
rates to extend the LIBOR zero curve further. The resulting zero curve is sometimes
referred to as the LIBOR zero curve and sometimes as the swap zero curve. To avoid
any confusion, we will refer to it as the LIBOR /swap zero curve. We will now describe
how swap rates are used in the determination of the LIBOR/swap zero curve.

The first point to note is that the value of a newly issued floating-rate bond that
pays 6-month LIBOR is always equal to its principal value (or par value) when the
LIBOR /swap zero curve is used for discounting.® The reason is that the bond provides
a rate of interest of LIBOR, and LIBOR is the discount rate. The interest on the bond
exactly matches the discount rate, and as a result the bond is fairly priced at par.

In equation (7.1), we showed that for a newly issued swap where the fixed rate equals
the swap rate, Bg, = By. We have just argued that By equals the notional principal. It

¥ The same is of course true of a newly issued bond that pays 1-month, 3-month, or 12-month LIBOR.
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follows that Bg, also equals the swap’s notional principal. Swap rates therefore definea

set of par yield bonds. For example, from the swap rates in Table 7.3, we can deduce

that the 2-year LIBOR /swap par yield is 6.045%, the 3-year LIBOR/swap par yield is
6.225%, and so on.’

Section 4.5 showed how the bootstrap method can be used to determine the Treasury
zero curve from Treasury bond prices. It can be used with swap rates in a similar way to
extend the LIBOR/swap ZE€T0 CUIVe.

Example 7.1

Suppose that the 6-month, 12-month, and 18-month LIBOR/swap zero rates have
been determined as 4%, 4.5%, and 4.8% with continuous compounding and that
the 2-year swap rate (for a swap where payments are made semiannually) is 5%.
This 5% swap rate means that a bond with a principal of $100 and a semiannual
coupon of 5% per annum sells for par. It follows that, if R is the 2-year zero rate,
then

2.58—0.04X0.5 + 2.56—0.045X1.0 + 2.56—0.048X1.5 + 102.56—2R — 100 .

Solving this, we obtain- R = 4.953%. (Note that this calculation is simplified in
that it does not take the swap’s day count conventions and holiday calendars into
account. See Section 7.2.)

VALUATION OF INTEREST RATE SWAPS

We now move on to discuss the valuation of interest rate swaps. An interest rate swap is
worth zero, or close to zero, when it is first initiated. After it has been in existence for
some time, its value may become positive or negative. There are two valuation
approaches. The first regards the swap as the difference between two bonds; the second
regards it as a portfolio of FRAs.

Valuation in Terms of Bond Prices

Principal payments are not exchanged in an interest rate swap. However, as illustrated
in Table 7.2, we can assume that principal payments are both received and paid at the
end of the swap without changing its value. By doing this, we find that, from the point
of view of the floating-rate payer, a swap can be regarded as a long position in a fixed-
rate bond and a short position in a floating-rate bond, so that

szap = By - Bﬁ

where Vyqp is the value of the swap, By is the value of the floating-rate bond (corres-
ponding to payments that are made), and By, is the value of the fixed-rate bond
(corresponding to payments that are received). Similarly, from the point of view of -
the fixed-rate payer, a swap is a long position in a floating-rate bond and a short

% Analysts frequently interpolate between swap rates before calculating the zero curve, so that they have swap
rates for maturities at 6-month intervals. For example, for the data in Table 7.3 the 2.5-year swap rate would
be assumed to be 6.135%; the 7.5-year swap rate would be assumed to be 6.696%; and so on.
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position in a fixed-rate bond, so that the value of the swap is
. szap = By — By,

The value of the fixed rate bond, By, can be determined as described in Section 4.4. To
value the floating-rate bond, we note that the bond is worth the notional principal
immediately after an interest payment. This is because at this time the bond is a “fair
deal” where the borrower pays LIBOR for each subsequent accrual period. ,

Suppose that the notional principal is L, the next exchange of payments is at time ¢*,
and the floating payment that will be made at time t* (which was determined at the last
payment date) is k*. Immediately after the payment By = L as just explained. It follows-
that immediately before the payment Bs = L +k*. The floating-rate bond can therefore
be regarded as an instrument providing a single cash flow of L + k* at time t*, Discount-
ing this, the value of the floating-rate bond today is

L+
where r* is the LIBOR /swap zero rate for a maturity of ¢*. |

Example 7.2

Suppose that a financial institution has agreed to pay 6-month LIBOR and
receive 8% per annum (with semiannual compounding) on a notional principal
of $100 million. The swap has a remaining life of 1.25 years. The LIBOR rates
with continuous compounding for 3-month, 9-month, and 15-month maturities
are 10%, 10.5%, and 11%, respectively. The 6-month LIBOR rate at the last
payment date was 10.2% (with semiannual compounding).

The calculations for valuing the swap in terms ‘of bonds are summarized in
Table 7.5. The fixed-rate bond has cash flows of 4, 4, and 104 on the three
payment dates. The discount factors for these cash flows are, respectively,

e—O.] x0.25 e—0.105x0.75 e—0.11x1.25

? ¥

and are shown in the fourth column of Table 7.5. The table shows that the value
of the fixed-rate bond (in millions of dollars) is 98.238.

In this example, L = $100 million, ¥* = 0.5 x 0.102 x 100 = $5.1 million, and
t* =0.25, so that the floating-rate bond can be valued as though it produces a
cash flow of $105.] million in 3 months. The table shows that the value of the
floating bond (in millions of dollars) is 105.100 x 0.9753 = 102.505.

Table 7.5 Valuing a swap in terms of bonds ($ millions). Here, Bg, is fixed-rate
bond underlying the swap, and Bj is floating-rate bond underlying the swap.

Time Bgy By Discount  Present value  Present value
_ cash flow  cash flow factor Bsx cash flow By cash flow
025 4.0 105.100 0.9753 3.901 102.505
0.75 40 0.9243 - 3.697

1.25 104.0 0.8715 90.640

Total: 98.238 102.505
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The value of the swap is the difference between the. two bond prices:
Viwap = 98.238 — 102.505 = —4.267

or —4.267 million dollars.

- If the financial institution had been in the opposite position of paying fixed
and receiving floating, the value of the swap would be +84.267 million. Note
that these calculations do not take account of day count conventions and hoh-'
day calendars -

‘Valuation in Terms of FRAs

A swap.can be characterized as a portfolio of forward rate agreements. Consider the
swap between Microsoft and Intel in Figure 7.1. The swap is a 3-year deal entered into
on March 5, 2007, with semiannual payments. The first exchange of payments is known
at the time the swap is negotiated. The other five exchanges can be regarded as FRAs.

~The exchange on March 5, 2008, is an FRA where interest at 5% is exchanged for -

interest at the 6-month rate observed in the market on September 5, 2007; the exchange
on September 5, 2008, is an FRA where interest at 5% is exchanged for interest at the
6-month rate observed in the market on March 5, 2008; and so on.

As shown at the end of Section 4.7, an FRA can be valued by assuming that forward
interest rates are realized. Because it is nothing more than a portfolio of forward rate
agreements, a plain vanilla interest rate swap can also be valued by making the
assumption that forward interest rates are realized. The procedure is as follows:

1. Use the LIBOR /swap zero curve to calculate forward rates for each of the LIBOR
rates that will determine swap cash flows.

2. Calculate swap cash flows on the assumption that the LIBOR rates will equal the
forward rates.

3. Discount these swap cash flows (using the LIBOR/swap zero curve) to obtain the
swap value.

Example 73

Consider again the situation in Example 7.2. Under the terms of the swap, a
financial institution has agreed to pay 6-month LIBOR and receive 8% per annum
(with semiannual compounding) on a notional principal of $100 million. The swap
has a remaining life of 1.25 years. The LIBOR rates with continuous compound- -
ing for 3-month, 9-month, and 15-month maturities are 10%, 10.5%, and 11%,
respectively. The 6-month LIBOR rate at the last payment date was 10.2% (with
“semiannual compounding). ;

The calculations are summarized in Table 7.6. The first row of the table shows the
cash flows that will be exchanged in 3 months. These have already been determined.
The fixed rate of 8% will lead to a cash inflow of 100 x 0.08 x 0.5 = $4 million. The
floating rate of 10.2% (which was set 3 months ago) will lead to a cash outflow of
100 x 0.102 x 0.5 = $5.1 million. The second row of the table shows the cash flows
that will be exchanged in 9 months assuming that forward rates are realized. The
cash inflow is $4.0 million ‘as before. To calculate the cash outflow, we must first
calculate the forward rate corresponding to the period between 3 and 9 months.
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Table 7.6 Valumg swap in terms of FRAs ($ rmlhons) Floatmg cash flows are
calculated by assuming that forward rates will be realized.

- sze Fixed Floating Net . Discount  Present value
cash flow  cash flow - cash flow factor of net cash flow
0.25 4.0 -5.100 - -1.100 0.9753 ~1.073
0.75 4.0 =552 -152 - 09243 —1.407
1.25 40 - —6.051 -2051 - 08715 - -1.787
Total: —4.267

m
From equation (4.5), this is

0.105 x 0.75 - 0.10 x 0.25
0.5

= 0.1075,

or 10.75% with continuous compounding. From equation (4.4), the forward rate
becomes 11.044% with semiannual compounding. The cash outflow is therefore
100 x 0.11044 x 0.5 = $5.522 million. The third row similarly shows the cash
flows that will be exchanged in 15 months assuming that forward rates are rea-
lized. The discount factors for the three payment dates are, respectively,

g O1X025  -0I0SX0T5 011125
The present value of the exchange in three months is —$1.073 million. The values of
the FRAS corresponding to the exchanges in 9 months and 15 months are —$1.407
and —$1.787 million, respectively. The total value of the swap is —$4.267 million.
This is in agreement with the value we calculated in Example 7.2 by decomposing
the swap into bonds.

The fixed rate in an interest rate swap is chosen so that the swap is worth zero initjally.
This means that at the-outset of a swap the sum of the values of the FRAs underlying
the swap is zero. It does not mean that the value of each individual FRA is zero. In
general, some FRAs will have positive values whereas others have negative values.
Consider the FRAs underlying the swap between Microsoft and Inte] in Figure 7.1:

Value of FRA to Microsoft > 0 when forward interest rate > 50%
Value of FRA to Microsoft = 0 when forward interest rate = 5.0%
Value of FRA to Microsoft < 0 when forward interest rate < 5.0%

Suppose that the term structure of interest rates is upward-sloping at the time the swap
is negotiated. This means that the forward interest rates increase as the maturity of the
FRA increases. Since the sum of the values of the FRAs is zero, the forward interest
rate must be less than 5.0% for the early payment dates and greater than 5.0% for the
later payment dates. The value to Microsoft of the FRAs corresponding to early
payment dates is therefore negative, whereas the value of the FRAs corresponding to
later payment dates is positive. If the term structure of interest rates is downward-
sloping at the time the swap is negotiated, the reverse is true. The impact of the shape of
the term structure of interest rates on the values of the forward contracts underlymg a
swap is summarized in Figure 7.8.
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Figure 7.8 Valuing of forward rate agreements underlying a swap as a function of
maturity. In (a) the term structure of interest rates is upward-sloping and we receive
fixed, or it is downward-sloping and we receive floating; in (b) the term structure of

interest rates is upward-sloping and we receive floating, or it is downward-sloping and
we receive fixed. _ '

-A Value of forward
¢ontract
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i

A Value of forward
contract
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7.8 CURRENCY SWAPS

Another popular type of swap is known as a currency swap. In its simplest form, this
involves exchanging principal and interest payments in one currency for principal and
interest payments in another.

A currency swap agreement requires the principal to be specified in each of the two
currencies. The principal amounts in each currency are usually exchanged at the
beginning and at the end of the life of the swap. Usually the principal amounts are
chosen to be approximately equivalent using the exchange rate at the swap’s initiation.
When they are exchanged at the end of the life of the swap, their values may be quite
different.
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Figure 7.9 A currency swap.

Dollars 6%
« British
Petroleum -

IBM

Y

Sterling 5%

lIIustratlon

- Consider a hypothetical 5year currency swap agreement between IBM and British

Petroleum entered into on February 1, 2007. We suppose that IBM pays a fixed rate of
interest of 5% in sterling and receives a fixed rate of interest of 6% in dollars from British
Petroleum. Interest rate payments are made once 4 year and the principal amounts are

~ .. .$18 million and £10 million. This is termed a fixed-for-fixed currency swap because the

interest rate in both currencies is fixed. The swap is shown in Figure 7.9. Initially, the
principal amounts flow in the opposite direction to the arrows in Figure 7.9. The interest
payments during the life of the swap and the final principal payment flow in the same
direction as the arrows. Thus, at the outset of the swap, IBM pays $18 million and
receives £10 million. Each year during the life of the swap contract, IBM' receives
$1.08 million (= 6% of $18 million) and pays £0.50 million (= 5% of £10 million). At the
end of the life of the swap, it pays a principal of £10 million and receives a pr1nc1pa1 of
$18 million. These cash flows are shown in Table 7.7.

Use of a Currency Swap to Transform Liabilities and Assets

‘A swap such as the one just considered can be used to transform borrowings in one

currency to borrowings in another. Suppose that IBM can issue $18 million of US-
dollar-denominated bonds at 6% interest. The swap has the effect of transforming this
transaction into one where IBM has borrowed £10 million at 5% interest. The initial
exchange of principal converts the proceeds of the bond issue from US dollars to
sterling. The subsequent exchanges in the swap have the effect of swapping the interest
and principal payments from dollars to sterling. -

The swap can also be used to transform the nature of assets. Suppose that IBM can
invest £10 million in the UK to yield 5% per annum for the next 5 years, but feels that

Table 7.7 Cash flows to IBM in currency swap.

Date : Dollar cash flow Sterling cash flow
(millions) (millions)
February 1, 2007 ~18.00 +10.00
February 1, 2008 +1.08 -0.50
February 1, 2009 +1.08 -0.50
February 1, 2010 +1.08 -0.50
February 1, 2011 +1.08 - =0.50

February 1, 2012 +19.08 —-10.50
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the US dollar will strengther against sterling and prefers a US-dollar-denominated
investment. The swap has the effect of transforming the UK investment into a

- §18 million investment in the US yielding 6%.

Comparative Advantage

Currency swaps can be motivated by comparative advantage. To illustrate this, we

-consider another hypothetical example. Suppose the 5-year fixed-rate borrowing costs
to General Electric and Qantas Airways in US dellars (USD) and Australian dollars -

(AUD) are as shown in Table 7.8. The data in the table suggest that Australian rates are

~ higher than USD interest rates, and also that General Electric is more creditworthy than

Qantas Airways, because it is offered a more favorable rate of interest in both currencies.
From the viewpoint of a swap trader, the interesting aspect of Table 7.8 is that the
spreads between the rates paid by General Electric and Qantas Airways in the two
markets are not the same. Qantas Airways pays 2% more than General Electric in the

~ US dollar market and only 0.4% more than General Electric in the AUD market.

This situation is analogous to that in Table 7.4. General Electric has a comparative
advantage in the USD market, whereas Qantas Airways has a comparative advantage
in the AUD market. In Table 7.4, where a plain vanilla interest rate swap was
considered, we argued that comparative advantages are largely illusory. Here we are
comparing the rates offered in two different currencies, and it is more likely that the
comparative advantages are genuine. One possible source of comparative advantage is
tax. General Electric’s position might be such that USD borrowings lead to lower taxes
on its worldwide income than AUD borrowings. Qantas Airways’ position might be the
reverse. (Note that we assume that the interest rates shown in Table 7.8 have been
adjusted to reflect these types of tax advantages.)

We suppose that General Electric wants to borrow 20 million AUD and Qantas
Airways wants to borrow 15 million USD and that the current exchange rate (USD per
AUD) is 0.7500. This creates a perfect situation for a currency swap. General Electric
and Qantas Airways each borrow in the market where they have a comparative
advantage; that is, General Electric borrows USD whereas Qantas Airways borrows
AUD. They then use a currency swap to transform General Electric’s loan into an
AUD loan and Qantas Airways’ loan into a USD loan.

As already mentioned, the difference between the USD interest rates is 2%, whereas
the difference between the AUD interest rates is 0.4%. By analogy with the interest rate
swap case, we expect the total gain to all parties to be 2.0 — 0.4 = 1.6% per annum.

There are many ways in which the swap can be arranged. Figure 7.10 shows one way
swaps might be entered into with a financial institution. General Electric borrows USD
and Qantas Airways borrows AUD. The effect of the swap is to transform the USD

Table 7.8 Borrowing rates providing basis for currency swap.

USD* -~ AUD*
General Electric 5.0% 1.6%
Qantas Airways 7.0% 3.0%

* Quoted rates have been adjusted to refiect the differential impact of taxes.
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- Figure 7.10 A currency Swép ,motivated by comparative advantage.
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interest rate of 5% per annum to an AUD interest rate of 6.9% per annum for General
Electric. As a result, General Electric is 0.7% per annum better off than it would be if it
went directly to AUD markets. Similarly, Qantas exchanges an AUD loan at 8% per

‘annum for a USD loan at 6.3% per annum and ends up 0.7% per annum better off

than it would be if it went directly to USD markets. The financial institution _gairis
1.3% per annum on its USD cash flows and loses 1.1% per annum on its AUD flows.

- If we ignore the difference between the two currencies, the financial institution makes a

net gain of 0.2% per annum. As predicted, the total gain to all parties is 1.6% per
annum. S | :
Each year the financial institution makes a gain of USD 195,000 (= 1.3% of
15 million) and incurs a loss of AUD 220,000 (= 1.1% of 20 million). The financial
institution can avoid any foreign exchange risk by buying AUD 220,000 per annum in

“the forward market for each year of the life of the swap, thus locking in a net gain

in USD.

It is possible to redesign the swap so that the financial institution makes a 0.2%
spread in USD. Figures 7.11 and 7.12 present two alternatives. These alternatives are
unlikely to be used in practice because they do not lead to General Electric and Qantas
being free of foreign exchange risk.” In Figure 7.11, Qantas bears some foreign
exchange risk because it pays 1.1% per annum in AUD and pays 5.2% per annum
in USD. In Figure 7.12, General Electric bears some foreign exchange risk because it
receives 1.1% per annum in USD and pays 8% per annum in AUD..

VALUATION OF CURRENCY SWAPS

Like interest rate swaps, fixed-for-fixed currency swaps can be decomposed into either

- the difference between two bonds or a portfolio of forward contracts.

Figure 7.11  Alternative arrangement for"currency swap: Qantas Airways bears some

foreign exchange risk.

USD 5.0% USD 5.2% -
General [€ Financial Qantas

Electric institution > Airways
USD 3.0% AUD 6.9% AUD 6.9%

——
AUD 8.0%

Y

19 Usually it makes sense for the financial institution to bear the foreign exchange risk, because it is in the
best position to hedge the risk. ‘
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Figure 7.12  Alternative arrangement for currency swap General Electric bears some
foreign exchange risk.

USD 6.1% USD 6.3% T .
General B — Financial < : Qantas

USD 5.0% Electric D 8.0% institution- D 8.0%; Ahways AUD 8.0%
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 Valuation in Terms of Bond Prices

If we define Vg, as the value in US dollars of an outstandmg swap where dollars are
received and a foreign currency is paid, then

sz.ap_ =B DT SOBF

where By is the value, measured in the foreign currency, of the bond defined by the
foreign cash flows on the swap and By, is the value of the bond defined by the domestic
cash flows on the swap, and S, is the spot exchange rate (expressed as number of dollars
per unit of foreign currency). The value of .a swap can therefore be determined from
LIBOR rates in the two currencies, the term structure of interest rates in the domestic
currency, and the spot exchange rate.

Similarly, the value of a swap where the forelgn currency is received and dollars are
paid is

Vwap = SoBr — Bp

Example 7.4

Suppose that the term structure of LIBOR /swap interest rates is flat in both Japan

" and the United States. The Japanese rate is 4% per annum and the US rate is

9% per annum (both with continuous compounding). Some time ago a financial

institution has entered into a currency swap in which it receives 5% per annum in

yen and pays 8% per annum in dollars once a year. The principals in the two

currencies are $10 million and 1,200 million yen. The swap will last for another
3 years, and the current exchange rate is 110 yen = §1.

The calculations are summarized in Table 7.9. In this case the cash flows from

the dollar bond underlying the swap are as shown in the second column. The

Table 7.9 Valuation of currency swap in terms of bonds. (All amounts in

millions.)
Time Cash flows Present value Cash flows Present value
on dollar bond (§) $) on yen bond (yen) (yen)
1 0.8 0.7311 60 57.65
2 0.8 - 0.6682 60 55.39
3 0.8 0.6107 60 53.22
3 10.0 7.6338 1,200 1,064.30

Total: 9.6439 1,230.55-
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present value of the cash flows using the dollar discount rate of 9% are shown in
the third column. The cash flows from the yen bond underlying the swap are
shown in the fourth column of the table. The present value of the cash flows using
the yen discount rate of 4% are shown in the final column of the table. =~
The value of the dollar-bond, Bp, is-9:6439 million dollars. The value of the yen
~ bond is 1230.55 million yen. The value of the swap in dollars is therefore

1_%121905_5 ~9.6439 = 1.5430 million

Valuatlon as Portfoho of Forward Contracts

~ Each exchange of payments in a fixed-for-fixed currency swap is a forward foreign
exchange contract. As shown in Section 5.7, forward foreign exchange contracts can be
valued by assuming that forward exchange rates are realized. The forward exchange
rates themselves can be calculated from equation (5.9).

Example 7.5

Consider again the situation in Example 7.4. The LIBOR /swap term structure of
interest rates is flat in both Japan and the United States. The Japanese rate is 4%
per annum and the US rateis 9% per annum (both with continuous compounding).
Some time ago a financial institution has entered into a currency swap in which it
receives 5% per annum in yen and pays 8% per annum in dollars once a year. The
principals in the two currencies are $10 million and 1,200 million yen. The swap will
last for another 3 years, and the current exchange rate is 110 yen = $1.

The calculations are summarized in Table 7.10. The financial institution pays
0.08 x 10 = $0.8 million dollars and receives 1,200 x 0.05 = 60 million yen each
year. In addition, the dollar principal of $10'million is paid and the yen principal
of 1,200 is received at the end of year 3. The current spot rate is 0.009091 dollar
per yen. In this case r = 9% and r; = 4%, so that, from equation (5.9), the 1-year
forward rate is :

0000091 £®¥-004x1 0.009557

The 2- and 3-year forward rates in Table 7.10 are calculated similarly. The for-
ward contracts underlying the swap can be valued by assuming that the forward
rates are realized. If the 1-year forward rate is realized, the yen cash flow in year 1

Table 7.10 Valuation of currency swap as a portfolio of forward contracts.
(All amounts in millions.)

Time Dollar Yen Forward  Dollar value of Net cash flow Present

cash flow cash flow exchange rate yen cash flow $ value
1 -0.8 60 0.009557 0.5734 —-0.2266  —0.2071
2 —0.8 60 0.010047 0.6028 —0.1972  -0.1647
3 —0.8 60 0.010562 0.6337 —0.1663  —0.1269

3 =100 1200 0.010562 12.6746 +2.6746 2.0417

Total; 1.5430
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is worth 60 x 0.009557 = 0.5734 million dollars and the net cash flow at the end
of year | is 0.8 — 0.5734 = —0.2266 million dollars. This has a present value of

~0.2266 ¢! = —0.2071

million dollars. This is the value of forward contract corresponding to the exchange
of cash flows at the end of year 1. The value of the other forward contracts are
calculated similarly. As shown in Table 7.10, the total value of the forward con-
tracts is $1.5430 million. This agrees with the value calculated for the swap in
Example 7.4 by decomposing it into bonds. ‘

The value of a currency swap is normally zero when it is first negotiated. If the two
principals are worth exactly the same using the exchange rate at the start of the swap,
the value of the swap is also zero immediately after the initial exchange of principal.
However, as in the case of interest rate swaps, this does not mean that each of the
individual forward contracts underlying the swap has zero value. It can be shown that,
when interest rates in' two currencies are significantly different, the payer of the
currency with the high interest rate is in the position where the forward contracts
corresponding to the early exchanges of cash flows have negative values, and the
forward contract corresponding to final exchange of principals has a positive value.
The payer of the currency with the low interest rate is in the opposite position; that is,
the forward contracts corresponding to the early exchanges of cash flows have positive

-..values, while that corresponding to the final exchange has a negative value. These

7.10

results are important when the credit risk in the swap is béing evaluated.

. CREDIT RISK

Contracts such as swaps that are private arrangements between two companies entail
credit risks. Consider a financial institution that has entered into offsetting contracts
with two companies (see Figure 7.4, 7.5, or 7.7). If neither party defaults, the financial
institution remains fully hedged. A decline in the value of one contract will always be
offset by an increase in the value of the other contract. However, there is a chance that
one party will get into financial difficulties and default. The financial institution then
still has to honor the contract it has with the other party. _

Suppose that, some time after the initiation of the contracts in Figure 7.4, the contract
with Microsoft has a positive value to the financial institution, whereas the contract with
Intel has a negative value. If Microsoft defaults, the financial institution is liable to lose
the whole of the positive value it has in this contract. To maintain a hedged position, it
would have to find a third party willing to take Microsoft’s position. To induce the third
party to take the position, the financial institution would have to pay the third party an
amount roughly equal to the value of its contract with Microsoft prior to the default.

A financial institution has credit-risk exposure from a swap only when the value of
the swap to the financial institution is positive. What happens when this value is
negative and the counterparty gets into financial difficulties? In theory, the financial
institution could realize a windfall gain, because a default would lead to it getting rid of
a liability. In practice, it is likely that the counterparty would choose to sell the contract
to a third party or rearrange its affairs in some way so that its positive value in the
contract is not lost. The most realistic assumption for the financial institution is
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Figure 7.13 The credit exposure in a swap.

P Exposure
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therefore as follows. If the counterparty goes bankrupt, there will be a loss if the value
of the swap to the financial institution is positive, and there will be no effect on the
financial institution’s position if the value .of the swap to the financial 1nst1tut10n is
negative. This situation is summarized in Figure 7.13. 7

Potential losses from defaults on a swap are much less than the potential losses from
defaults on a loan with the same principal. This is because the value of the swap is
usually only a small fraction of the value of the loan. Potential losses from defaults on a
currency swap are greater than on an interest rate swap. The reason is that, because
principal amounts in two different currencies are exchanged at the end of the life of a
currency swap, a currency swap is liable to have a greater value at the time of a default
than an interest rate swap. :

It is important to distinguish between the credit risk and market risk to a financial
institution in any contract. As discussed earlier, the credit risk arises from the
possibility of a default by the counterparty: when the value of the contract to the
financial institution is positive. The market risk arises from the possibility that market
variables such as interest rates and exchange rates will move in such a way that the value
of a contract to the financial institution becomes negative. Market risks can be hedged
relatively easily by entering into offsetting contracts; credit risks are less easy to hedge.

One of the more bizarre stories in swap markets is outlined in Business Snapshot 7.2. It
concerns the British Local Authority, Hammersmith and Futham and shows that, in
addition to bearing market risk and credit risk, banks trading swaps also sometimes bear
legal risk.

OTHER TYPES OF SWAPS

In this chapter we have covered interest rate swaps where LIBOR is exchanged for a fixed
rate of interest and currency swaps where a fixed rate of interest in one currency is
exchanged for a fixed rate of interest in another currency. Many other types of swaps are
traded. We will discuss some of them in detall in Chapters 23, 29, and 32. At this stage, we
will provide an overview.
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fentered mto about 600 1nterest rate swaps and related 1nstrumeuts:w1th a

'-.-Br1ta1n § hrghest court The ﬁnal decrsron was’ that Hammersmlth fan Fulham-_. 1d':
ot have the authonty ‘to enter into ‘the ‘swaps; but that they ought to have thef
authorrty to.do $0-in-the future for rlsk-management purposes. Needless 10 say,
banks were furlous that: the1r contracts ‘were overturned 1n this way’ by the courts

Variations on the Standard Interest Rate Swap

In fixed-for-floating interest rate swaps, LIBOR is the most common reference floating
interest rate. In the examples in this chapter, the tenor (i.e., payment frequency) of
LIBOR has been 6 months, but swaps where the tenor of LIBOR is 1 month, 3 months,
and 12 months trade regularly. The tenor on the floating side does not have to match
the tenor on the fixed side. (Indeed, as pointed out in footnote 3, the standard interest
rate swap in the United States is one where there are quarterly LIBOR payments and
semiannual fixed payments.) LIBOR is the most common floating rate, but others such
as the commercial paper (CP) rate are occasionally used. Sometimes floating-for-
floating interest rates swaps are negotiated. For example, the 3-month CP rate plus
10 basis points might be exchanged for 3-month LIBOR with both being applied to the
same principal. (This deal would allow a company to hedge its exposure when assets
and liabilities are subject to different floating rates.)

The principal in a swap agreement can be varied throughout the term of the swap to
meet the needs of a counterparty. In an amortizing swap, the principal reduces in a
predetermined way. (This might be designed to correspond to the amortization schedule
on a loan.) In a step-up swap, the principal increases in a predetermined way. (This
might be designed to correspond to drawdowns on a loan agreement.) Deferred swaps
or forward swaps, where the parties do not begin to exchange interest payments until
some future date, can also be arranged. Sometimes swaps are negotiated where the
principal to which the fixed payments are applied is different from the principal to
which the floating payments are applied.
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A constant maturity swap (CMS swap) is an agreement to exchange a LIBOR rate for
a swap rate. An example would be an agreement to exchange 6-month LIBOR applied
to a certain principal for the 10-year swap rate applied to the same principal every
6 months for the next 5 years. A constant maturity Treasury swap (CMT swap) is a
similar agreement to exchange a LIBOR rate for a particular Treasury rate (e.g., the
10-year Treasury rate). '

In a.compounding swap, interest on one or both sides is compounded forward to the
end of the life of the swap according to preagreed rules and there is only one payment
date at the end of the life of the swap. In a LIBOR-in arrears swap, the LIBOR rate
observed on a-payment date is used to calculate the payment on that date. (As
explained in Section 7.1, in a standard deal the LIBOR rate observed on one payment
date is used to determine the payment on the next payment date.) In an accrual swap,
the interest on one side of the swap accrues only when the floating reference rateisin a

certain range.

Other Currency Swaps

In this chapter we have considered fixed-for-fixed currency swaps. Another type of swap
is a fixed-for-floating currency swap, whereby a floating rate (usually LIBOR) in one
currency is exchanged for a fixed rate in another currency. This is a combination of a
fixed-for-floating interest rate swap and a fixed-for-fixed currency swap and is known as
a cross-currency interest rate swap. A further type of currency swap is a floating-for-
floating currency swap, where a floating rate in one currency is exchanged for a floating
rate in another currency. :

Sometimes a rate observed in one currency is applied to a principal amount in
another currency. One such deal might be where 3-month LIBOR observed in the -
United States is exchanged for 3-month LIBOR in Britain, with both rates being
applied to a principal of 10 million British pounds This type of swap is referred to
as a diff swap or a quanto.

Equity Swaps

An equity swap is an agreement to exchange the total return (dividends and capital
gains) realized on an equity index for either a fixed or a floating rate of interest. For
example, the total return on the S&P 500 in successive 6-month periods might be
exchanged for LIBOR, with both being applied to the same principal. Equity swaps can
be used by portfolio managers to convert returns from a fixed or floating 1nvestment to
the returns from investing in an equity index, and vice versa.

Options

Sometimes there are options embedded in a swap agreement. For example, in an
extendable swap, one party has the option to extend the life of the swap beyond the
specified period. In a puttable swap, one party has the option to terminate the swap
early. Options on swaps, or swaptions, are also available. These provide one party with
the right at a future time to enter into a swap where a predetermined fixed rate is
exchanged for floating. '
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C_oinmodity Swaps, Volatility Swaps, and Other Exotic lnstruméhts |

Commodity swaps are in essence a.series of forward contracts on a commodity with
different maturity dates and the same delivery prices. In a volatility swap there are a
series of time periods. At the end of each period, one side pays a preagreed volatility,
while the other side pays the historical volatility realized during the period. Both
volatilities are multiplied by the same notional principal in calculating payments.

Swaps are limited only by the imagination of financial engineers and the desire of
corporate treasurers and fund managers for exotic structures. In Chapter 32, we will
describe the famous 5/30 swap entered into between Procter and Gamble and Bankers
Trust, where payments depended in a complex way on the 30-day commercial paper -
rate, a 30-year Treasury bond price; and the yield on a 5-year Treasury bond.

SUMMARY

The two most common types of swaps are interest rate swaps and currency swaps. In an
interest rate swap, one party agrees to pay the other party interest at a fixed rate on a
notional principal for a number of years. In return, it receives interest at a floating rate
on the same notional principal for the same period of time. In a currency swap, one
party agrees to pay interest on a principal amount in one currency. In return, it receives
1nterest on a principal amount in another currency. g
Principal amounts are not usually exchanged in an interest rate swap. In a currency
swap, principal amounts are usually exchanged at both the beglnmng and the end of the

life of the swap. For a party paying interest in the foreign currency, the forelgn principal

is received, and the domestic principal is paid at the beginning of the swap’s life. At the.
end of the swap’s life, the foreign principal is paid and the domestic principal is received.

An interest rate swap can be used to transform a floating-rate loan into a fixed-rate
loan, or vice versa. It can also be used to transform a floating-rate investment to a fixed-
rate investment, or vice versa. A currency swap can be used to transform a loan in one

~currency into a loan in another currency. It can also be used to transform an investment

. denominated in one currency into an investment denominated in another currency.

~ There are two ways of valuing interest rate and currency swaps. In the first, the swap
is decomposed into a long position in one bond and a short position in another bond.
In the second it is regarded as a portfolio of forward contracts. '
When a financial institution enters into a pair of-offsetting- swaps with different
counterparties, it is exposed to credit risk. If one of the counterparties defaults when
the financial institution has positive value in its swap with that counterparty, the
financial institution loses money because it-still has to honor its swap agreement with
the other counterparty.
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Ques{ions and Problems (Answers in Solutions Manual)

1.1.

1.2.

1.3.

1.4.

Companies A and B have been offered the followmg rates per annum on a $20 m11110n
5-year loan:

Fixed rate Floating rate
‘Company A 5.0% LIBOR + 0.1%
Company B: 6.4% LIBOR + 0.6%

Company A fequires a floating-rate loan; company B requires a fixed-rate loan. Design a
swap that will net a bank, acting as intermediary, 0.1% per annum and that will appear
equally attractive to both companies.

Company X wishes to borrow US dollars at a fixed rate of interest. Company Y wishes to
borrow Japanese yen at a fixed rate of interest. The amounts required by the two
companies are roughly the same at the current exchange rate. The companies are subject
to the following interest rates, which have been adjusted to reflect the impact of taxes:

Yen Dollars
Company X: 5.0% 9.6%
Company Y: 6.5% . 10.0%

Design a swap that will net a bank, acting as intermediary, 50 basis points per annum.
Make the swap equally attractive to the two companies and ensure that all foreign
exchange risk is assumed by the bank.

A $100 million interest rate swap has a remaining life of 10 months. Under the terms of the
swap; 6-month LIBOR is exchanged for 7% per annum (compounded semiannually). The
average of the bid-offer rate being exchanged for 6-month LIBOR in swaps of all
maturities is currently 5% per annum with continuous compounding. The 6-month LIBOR
rate was 4.6% per annum 2 months ago. What is the current value of the swap to the party
paying floating? What is its value to the party paying fixed?

Explain what a swap rate is. What is the relationship between swap rates and par
yields?




1.5.

1.6.
1.1.

A currency swap has a remaining life of 15 months. It involves: exchanging interest
at 10% on £20 million for interest at 6% on $30 million once a year. The term structure
of interest rates in both the United Kingdom and the United States is currently flat,
and if the swap were negotiated today the interest rates exchanged would be 4% in
dollars and ‘7% in sterling. All interest rates are quoted with annual compounding. The
current exchange rate (dollars per pound sterling) is 1.8500. What is the value of the
swap to the party paying sterling? What is the value of the swap to the party paying
dollars?

Explain the difference between the credit risk and the market risk in a financial contract.

A corporate treasurer tells you'that he has just negotiated a 5-year loan at a competitive

- fixed rate of interest of 5.2%. The treasurer explains that he achieved the 5.2% rate by

1.8.

79,

borrowing at 6-month LIBOR plus 150 basis points and swapping LIBOR for 3.7%. He
goes on to say that this was possible because his company has a comparative advantage in
the floating-rate market. What has the treasurer overlooked?

Explain why a bank is subjeét to credit risk when it enters into two offsetting swap -
contracts.

Companies X and Y have ‘been offered the following rates per annum on a §5 mllhon '
10-year 1nvestment

Fixed rate - Floating rate
_ Company X: 8.0% LIBOR
Company Y: 8.8% LIBOR

..Company X requires a fixed-rate inveStnient; conipany Y requires a ﬂoating:'rate invest-
~ment. Design a swap that will net a bank, acting as intermediary, 0.2% per annum and

- will appear equally attractive to X and Y.
7.10.

A financia] institution has entered into an interest rate swap with company X. Under the
terms of the swap, it receives 10% per annum and pays 6-month LIBOR on a principal of
$10 million for 5 years. Payments are made every 6 months. Suppose that company X
defaults on the sixth payment date (at the end of year 3) when the interest rate (with

. semiannual compounding) is 8% per annum for all maturities. What is the loss to the

. financial institution? Assume that 6-month LIBOR was 9% per annum halfway through

7.11.

year 3.

Companies A and B face the following interest rates (adJusted for the differential impact
of taxes):

Company A Company B

US dollars (floating rate): LIBOR +0.5% LIBOR + 1.0%
Canadian dollars (fixed rate): | 0% - 65%

Assume that A wants to borrow US dollars at a floating rate of interest and B wants to
borrow Canadian dollars at a fixed rate of interest. A financial institution is planning to
arrange a swap and requires a 50-basis-point spread. If the swap is to appear equally

- attractive to A and B, what rates of interest will A and B end up paying?

7.12.

A financial institution has entered into a 10-year currency swap with company Y. Under
the terms of the swap, the financial institution receives interest at 3% per annum in Swiss
francs and pays interest at 8% per annum in US dollars. Interest payments are exchanged
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once a year. The principal amounts are 7 million dollars and 10 million francs. Suppose
that company Y declares bankruptcy at the end of year 6, when the exchange rate is $0.80

per franc. What is the cost to the financial institution? Assume that, at the end of year 6,

the interest rate is 3% per annum in Swiss francs and 8% per annum in US dollars for all
maturities. All interest rates are quoted with annual compounding.

After it hedges its foreign exchange risk using forward contracts, is the financial
institution’s average spread in Figure 7. 10 likely to be greater than or less than 20 basis

. points? Explain your answer.

71.14.

1.15.

7.16.

1.17.

71.18.

“Companies with high credit risks are the ones that cannot access fixed-rate markets

directly. They are the companies that are most likely to be paying fixed and receiving-
floating in an interest rate swap.” Assume that this statement is true. Do you think it

increases or decreases the risk of a financial institution’s swap portfolio? Assume that
companies are most likely to default when interest rates arehigh.

Why is the expected loss from a default on a swap less than the expected-loss-from the
default on a loan with the same principal?

A bank finds that its assets are not matched with its liabilities. It is taking floating-rate
deposits and making fixed-rate loans. How can swaps be used to offset the risk?

Explain how you would value a swap that is the exchange of a ﬂoatmg rate in one
currency for a fixed rate in another currency.

The LIBOR zero curve is flat at 5% (continuously compounded) out to 1.5 years. Swap
rates for 2- and 3-year semiannual pay swaps are 5.4% and 5.6%, respectively. Estimate
the LIBOR zero.rates for maturities of 2.0, 2.5, and 3.0 years. (Assume that the 2.5-year
swap rate is the average of the 2- and 3-year swap rates.)

Assignment Questions

7.19.

7.20.

7.21.

The 1-year LIBOR rate is 10%. A bank trades swaps where a fixed rate of interest is
exchanged for 12-month LIBOR with payments being exchanged annually. The 2- and
3-year swap rates (expressed with annual compounding) are 11% and 12% per annum.
Estimate the 2- and 3-year LIBOR zero rates.

Company A, a British manufacturer, wishes to borrow US dollars at a fixed rate of
interest. Company B, a US multinational, wishes to borrow sterling at a fixed rate of
interest. They have been quoted the following rates per annum (adjusted for differential
tax effects):

Sterling US dollars
Company A 11.0% 7.0%
Company B 10.6% 6.2%

Design a swap that will net a bank, acting as intermediary, 10 basis points per annum and
that will produce a gain of 15 basis points per annum for each of the two companies.

Under the terms of an interest rate swap, a financial institution has agreed to pay 10% per
annum and to receive 3-month LIBOR in return on a notional principal of $100 million
with payments being exchanged every 3 months. The swap has a remaining life of
14 months. The average of the bid and offer fixed rates currently being swapped for
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1.22.

3-month LIBOR is 12% per annum for all maturities. The 3-month LIBOR rate | month
ago was 11.8% per annum. All rates are compounded quarterly What is the value of
the swap?

Suppose that the term structure of interest rates is ﬂat in the United States and Australia.
The USD interest rate is 7% per annum and the AUD rate is 9% per annum. The current
value of the AUD is 0.62 USD. Under the terms of a swap agreement, a financial
institution pays 8% per annum in AUD and receives 4% per annum in USD. The
principals in the two currencies are $12 million USD and 20 million AUD. Payments

- are exchanged every year, with one exchange having just taken place. The swap will last

1.23.

2 more years. What is the value of the swap to the ﬁnanmal institution? Assume all

interest rates are continuously compounded.

Company X is based in the United Kingdom and would like to borrow $50 million at a
fixed rate of interest for 5 years in US funds. Because the company is not well known in
the United States, this has proved to be impossible. However, the company has been
quoted 12% per annum on fixed-rate 5-year sterling funds. Company Y is based in the
United States and would like to borrow the equivalent of $50 million in sterling funds for
5 years at a fixed rate of interest. It has been unable to get a quote but has been offered
US dollar funds at 10.5% per annum. Five-year government bonds currently yield
9.5% per annum in the United States and 10.5% in the United Kingdom. Suggest an
appropriate currency swap that will net the financial intermediary 0.5% per annum.






8.1

- Mechanics of
Options Markets

We introduced options in Chapter 1. This chapter explains how options markets are
organized, what terminology is used, how the contracts are traded, how margin require-
ments are set, and so on. Later chapters will examine such topics as trading strategies
involving options, the determination of option prices, and the ways in which portfolios of
options can be hedged. This chapter is concerned primarily with stock options. It -
presents some introductory material on currency options, index options, and futures
options. More details concerning these instruments can be found in Chapters 15 and 16.

Options are fundamentally different from forward and futures contracts.. An option
gives the holder of the option the right to do something, but the holder does not have to
exercise this right. By contrast, in a forward or futures contract, the two parties have
committed themselves o some action. It costs a trader nothing (except for the margin
requirements) to enter into a forward or futures contract, whereas the purchase of an
option requires an up-front payment.

TYPES OF OPTIONS

As mentioned in Chapter 1, there are two basic types of options. A call option gives the
holder of the option the right to buy an asset by a certain date for a certain price. A put
option gives the holder the right to sell an asset by a certain date for a certain price. The
date specified in the contract is known as the expiration date or the maturity date.
The price specified in the contract is known as the exercise price or the strike price.
Options can be either American or European, a distinction that has nothing to do with
geographical location. American options can be exercised at any time up to the expiration
date, whereas European options can be exercised only on the expiration date itself. Most
of the options that are traded on exchanges are American. However, European options
are generally easier to analyze than American options, and some of the properties of an
American option are frequently deduced from those of its European counterpart.

Call Options

Consider the situation of an investor who buys a European call option with a strike
price of $100 to purchase 100 shares of a certain stock. Suppose that the current stock

179
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price is $98, the expiration date of the option is in 4 months, and the price of an option
to purchase one share is' $5. The initial investment is $500. Because the option is
European, the investor can exercise only on the expiration date. If the stock price on this
date is less than $100, the investor will clearly choose not to exercise. (There is no point
in buying for $100 a share that has a market value of less than $100.) In these
circumstances, the investor loses the whole of the initial investment of $500. If the
stock price is above $100 on the expiration date, the option will be exercised. Suppose,
for example, that the stock price is $115. By exercising the option, the investor is able to
buy 100 shares for $100 per share. If the shares are sold immediately, the investor makes
a gain of $15 per share, or $1,500, ignoring transactions costs. When the initial cost of
the option is taken into account, the net profit to the investor is $1,000.

Figure 8.1 shows how the investor’s net profit or loss on an option to purchase one

- share varies with the final stock price in the example. It is important to realize that an

investor sometimes exercises an option and makes a loss overall. Suppose that, in the
example, the stock price is $102 at the expiration of the option. The investor would

exercise the option contract for a gain of 100 x ($102 — $100) = $200 and realize a loss

overall of $300 when the initial cost of the option is taken into account. It is tempting to

argue that the investor should not-exercise the option in these circumstances. However,

not exercising would lead to an overall loss of $500, which is worse than the $300 loss

when the investor exercises. In general, call options should always be exercised at the

expiration date if the stock price is above the strike price.

Put Options

Whereas the purchaser of a call option is hoping that the stock price will increase, the
purchaser of a put option is hoping that it will decrease. Consider an investor who
buys a European put option with a strike price of $70 to sell 100 shares of a certain
stock. Suppose that the current stock price is $65, the expiration date of the option is

Flgu re 8.1 Profit from buying a European call option on one share of a stock. Option
price = $5; strike price = $100.
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Figure 8.2 Profit from buying a European put option on one share of a stock. Option
price = $7, strike price = $70. : '

A Profit (§)
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in 3 months, and the price of an option to sell one share is $7. The initial investment is
$700. Because the option is European, it will be exercised only if the stock price is
below $70 on the expiration date. Suppose that the stock price is $355 on this date. The
investor can buy 100 shares for $55 per share and, under the terms of the put option,
sell the same shares for $70 to realize a gain of $15 per share, or $1,500. (Again,
transactions costs are ignored.) When the $700 initial cost of the option is taken into
account, the investor’s net profit is $800. There is no guarantee that the investor will
make a gain. If the final stock price is above $70, the put option expires worthless, and
the investor loses $700. Figure 8.2 shows the way in which the investor’s profit or loss
on an option to sell one share varies with the terminal stock price in this example.

Early Exercise

As already mentioned, exchange-traded stock options are generally American rather
than European. This means that the investor in the foregoing examples would not have to
wait until the expiration date before exercising the option. We will see that there are some

© circumstances when it is optimal to exercise American options before the expiration date.

OPTION POSITIONS

There are two sides to every option contract. On one side is the investor who has taken
the long position (i.e., has bought the option). On the other side is the investor who has
taken a short position (i.e., has sold or written the option). The writer of an option
receives cash up front, but has potential liabilities later. The writer’s profit or loss is the
reverse of that for the purchaser of the option. Figures 8.3 and 8.4 show the variation of
the profit or loss with the final stock price for writers of the options considered in
Figures 8.1 and 8.2.
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Figure 8.3 Profit from writing a European call option on one share of a stock. Option
price = $5; strike price = $100. '
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There are four types of option positions:

1. A long position in a call option
2. A long position in a put option -
3. A short position in a call option
4. A short position in a put option -

It is often useful to characterize a European option in terms of its payoff to the
- purchaser of the option. The initial cost of the option is then not included in the
calculation. If K is the strike price and Sy is the final price of the underlying asset, the

Figu‘re 8.4 Profit from.writing a European put option on one share ofa stock. Option
price = $7, strike price = $70.
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Figure 8.5 Payoffs from positions in European options: (a) long call; (b) short call;
(c) long put; (d) short put. Strike price = K; price of asset at maturity = Sy.
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payoff from a long position in a European call option is

max(Sy — K, 0)

This reflects the fact that the option will be exercised if S; > K and will not be exercised |
if S¢ < K. The payoff to the holder of a short position in the European call option is

—max(Sy — K, 0) = min(K ~ Sy, 0)
The payoff to the holder of a long position in a European put option is
| | max(K — Sz, 0)
and the payoff from a short position in a European put option is
~max(K — S, 0) = min(Sy — K, 0)

Figure 8.5 illustrates these payoffs.

8.3 UNDERLYING ASSETS

This section provides a first look at options on stocks, currencies, stock indices, and
futures.
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Stock Options

Most trading in stock options is on exchanges. In the United States the main exchanges
are the Chicago Board Options Exchange (www.cboe.com), the Philadelphia Stock
Exchange (www.phlz.com), the American Stock Exchange (www.amex.com), the
International Securities Exchange (www.iseoptions.com), and the Boston Options
Exchange (www.bostonoptions.com). Options trade on more than 1,000 different
stocks. One contract gives the holder the right to buy or sell 100 shares at the specified
strike price. This contract size is convenient because the shares themselves are normally
traded in lots of 100.

Foreign Currency Options

‘Most currency options trading is now in the over-the-counter market, but there is some

exchange trading. The major exchange for trading foreign currency options in the
United States is the Philadelphia Stock Exchange. It offers both European and
American contracts on a variety of different currencies. The size of one contract
depends on the currency. For example, in the case of the British pound, one contract
gives the holder the right to buy or sell £31,250; in the case of the Japanese yen, one
contract gives the holder the right to buy or sell 6.25 million yen. Forelgn currency
options contracts are discussed further in Chapter 15.

~ Index Options.

Many different index options currently trade throughout the world in both the over-the-
counter market and the exchange-traded market. The most popular exchange-traded
contracts in the United States are those on the S&P 500 Index (SPX), the S&P 100
Index (OEX), the Nasdag 100 Index (NDX), and the Dow Jones Industrial Index
(DJX). All of these trade on the Chicago Board Options Exchange. Most of the
contracts are European. An exception is the OEX contract on the S&P 100, which is
American. One contract is usually to buy or sell 100 times the index at the specified
strike price. Settlement is always in cash, rather than by delivering the portfolio
underlying the index. Consider, for example, one call contract on the S&P 100 with

. astrike price of 980. If it is exercised when the value of the index is 992, the writer of the

contract pays the holder (992 — 980) x 100 = $1,200. This cash payment is based on the
index value at the end of the day on which exercise instructions are issued. (Not
surprisingly, investors usually wait until the end of a day before issuing these instruc-
tions.) Index options are discussed further in Chapter 15.

Futures Options

When an exchange trades a particular futures contract it often also trades options on
that contract. A futures option normally matures just before the delivery period in the
futures contract. When a call option is exercised, the holder acquires from the writer a
long position in the underlying futures contract plus a cash amount equal to the excess
of the futures price over the strike price. When a put option is exercised, the holder
acquires a short position in the underlying futures contract plus a cash amount equal to

- the excess of the strike price over the futures price. Futures options contracts are

discussed further in Chapter 16.
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8.4

SPECIFICATION OF STOCK OPTIONS

In the rest of this chapter, we will focus on stock options. As already mentioned, an
exchange-traded stock option in the United States is an American-style option contract
to buy or sell 100 shares of the stock. Details of the contract—the expiration date, the
strike price, what happens when dividends are declared, how large a position investors
can hold, and so on—are specified by the exchange. -

Expiration Dates

One of the items used to describe a stock option is the month in which the-expiration
date occurs. Thus, a January call trading on IBM is a call option on IBM with an
expiration date in January. The precise expiration date is the Saturday immediately
following the third Friday of the expiration month. The last day on which options trade
is the third Friday of the expiration month. An investor with-a long position in an
option normally has until 4:30 p.m. Central Time on that Friday to instruct a broker to
exercise the option. The broker then has until 10:59 p.m. the next day to complete the
paperwork notifying.the exchange that exercise is to take place.

Stock options are on a January, February, or March cycle. The January cycle consists
of the months of January, April, July, and October. The February cycle consists of the
months of February, May, August, and November. The March cycle consists of the
months of March, June, September, and December. If the expiration date for the current
month has not yet been reached, options trade with expiration dates in the current month,
the following month, and the next two months in the cycle. If the expiration date of the
current month has passed, options trade with expiration dates in the next month, the
next-but-one month, and the next two months of the expiration cycle. For example, IBM
is on a January cycle. At the beginning of January, options are traded with expiration
dates in January, February, April, and July; at the end of January, they are traded with
expiration dates in February, March, April, and July; at the beginning of May, they are
traded with expiration dates in May, June, July, and October; and so on. When one
option reaches expiration, trading in another is started. Longer-term options, known as
LEAPS (long-term equity anticipation securities), also trade on about 500 stocks in the
United States. These have expiration dates up to 39 months into the future. The
expiration dates for LEAPS on stocks are always in January.

Strike Prices

The exchange normally chooses the strike prices at which options can be written so that
they are spaced $2.50, $5, or $10 apart. Typically the spacing is $2.50 when the stock
price is between $5 and $25, $5 when the stock price is between $25 and $200, and
$10 for stock prices above $200. As will be explained shortly, stock splits and stock
dividends can lead to nonstandard strike prices.

When a new expiration date is introduced, the two or three strike prices closest to the
current stock price are usually selected by the exchange. If the stock price moves outside
the range defined by the highest and lowest strike price, trading is usually introduced in
an option with a new strike price. To illustrate these rules, suppose that the stock price
is $84 when trading begins in the October options. Call and put options would
probably first be offered with strike prices of $80, $85, and $90. If the stock price rose
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above $90, it is likely that a strike price of $95 would be offered; if it fell below $80, it is
likely that a strike price of $75 would be offered; and so on.

Terminology

- For any given asset at any given time, many different option contracts may be trading.

Consider a stock that has four expiration dates and five strike prices, If call and put
options trade with every expiration date and every strike price, there are a total of
40 different contracts. All options of the same type (calls or puts) are referred to as an
option class. For example, IBM calls are one class, whereas IBM puts are another class.
An option series consists of all the options of a given class with the same expiration date
and strike price. In other words, an option series refers to a particular contract that is
traded. For example, IBM 70 October calls would constitute an option series."

Options are referred to as in the money, at the money, or out of the money. If S is the
stock price and K is the strike price, a call option is iri the money when § > K, at the
money when S = K, and out of the money when S < K. A put option is in the money
when § < K, at the money when § = K, and out of the money when § > K. Clearly, an
option will be exercised only when it is in the money. In the absence of transactions
costs, an in-the-money option will always be exercised on the expiration date if it has
not been exercised previously.

The intrinsic value of an option is defined as the maximum of zero and the value the
option would have if it were exercised immediately. For a call option, the intrinsic value
is therefore max(S — K, 0). For a put option, it is max(K — S, 0). An in-the-money
American option must be worth at least as much as its intrinsic value because the
holder can realize the intrinsic value by exercising immediately. Often it is optimal for
the holder of an in-the-money American option to wait rather than exercise immedi-
ately. The option is then sa1d to have time value. The total value of an option can be

thought of as the sum of its intrinsic value and its time value.

FLEX Options

The Chicago Board Options Exchange offers FLEX (short for flexible) options on
equities and equity indices. These are options where the traders on the floor of the
exchange agree to nonstandard terms. These nonstandard terms can involve a strike
price or an expiration date that is different from what is usually offered by the
exchange. It can also involve the option being European rather than American. FLEX
options are an attempt by option exchanges to regain business from the over-the-
counter markets. The exchange specifies a minimum size (e.g., 100 contracts) for FLEX .
option trades. ' '

Dividends and Stock Splits

The early over-the-counter options were dividend protected. If a company declared a
cash dividend, the strike price for options on the company’s stock was reduced on the
ex-dividend day by the amount of the dividend. Exchange-traded options are not
usually adjusted for cash dividends. In other words, when a cash dividend occurs,
there are no adjustments to the terms of the option contraét. An exception is sometimes
made for large cash dividends (see Business Snapshot 8.1).

Exchange-traded options are adjusted for stock splits. A stock split occurs when the
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Busmess Snapshot 8. 1 Gucc1 Group s Large D1v1dend

' When there isa large cash d1v1dend (typlcally one-more than 10% of the stock pnce) :
'a committee of the Options Clearmg Corporation (OCC) at-the: Ch1cago Board
Options Exchange can dec1de to make adjustments to the terms of optrons traded3
-on the exchange. - :

‘On May 28,2003, Gucc1 Group NV (GUC) declared a cash d1v1dend of- 13; 50 euros_
‘_(approxrmately $15.88) per.common share and this:was approved at the GUC annual
| shareholders; meeting on July 16,-2003. The dividend was. about16% of the share ;

price at the time it was declared. In this case, the OCC' commrttee decrded to-adjust
the terms of options. The result was that the holder of a call contract pa1d 100 tlmes-' :
the strike price.ori-exercise and received $1;588 of cash in addition to 100 shares; the:
holdet of a put contract received 100 times the strike price on exerCr_s_e_and delivered
_$1 588 of cash in addrtron to 100 shares These adJustments had the effect of reducmg-
'the strike price by $15. 88, S ' '

AdJustments for. large d1v1dends are not always made' For example Deutsche_
“Terminbdrse chose not to adJust the terms of optrons traded on that exchange when |-
Daimler-Benz surprised the market on March 10 1998 w1th a d1v1dend equal to' i

about 12% of its stock: prrce . . : - _

existing shares are “split” into more shares. For example, in a 3-for-1 stock split, three
new shares are issued to replace each existing share. Because a stock split does not
- change the assets or the earning ability of a company, we should not expect it to have
~ any effect on the wealth of the company’s shareholders. All else being equal, the 3-for-1
 stock split should cause the stock price to go down to-one-third of its previous value. In
" general, an n-for-m stock split should cause the stock price to go down to m/n of its
previous value. The terms of option contracts are adjusted to reflect expected changes in
a stock price arising from a stock split. After an n-for-m stock split, the strike price is
reduced to m/n of its previous value, and the number of shares covered by one contract
is increased to n/m of its previous value. If the stock price declines in the way expected,
the positions of both the writer and the purchaser of a contract remain unchanged.

Example 8.1

Consider a call option to buy 100 shares of a company for $30 per share Suppose
that the company makes-a 2-for-1 stock split. The terms of the option contract are
then changed so that it glves the holder the right to purchase 200 shares for
$15 per share. ’
!
Stock options are adjusted for stock dividends. A stock dividend involves a company
issuing more shares to its existing shareholders. For example, a 20% stock dividend
means that investors receive one new share for each five already owned. A stock
dividend, like a stock split, has no effect on either the assets or the earning power of
a company. The stock price can be expected to go down as a result of a stock dividend.
The 20% stock dividend referred to is essentially the same as a 6-for-5-stock split. All
else being equal, it should cause the stock price to decline to 5/6 of its previous value.
The terms of an option are adjusted to reflect the expected price decline arising from a
stock dividend in the same way as they are for that arising from a stock split.
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Example 8.2

Consider a put optlon to sell 100 shares of a company for $15 per share. Suppose
that the company declares a 25% stock dividend. This is equivalent to a 5-for-4
stock split. The terms of the option contract are changed so that it gives the holder
the right to sell 125 shares for $12. -

Adjustments are also made for rights issues. The basic procedure is to calculate the
theoretical price of the rights and then to reduce the strike price by this amount.

* Position Limits and Exercise Limits

The Chicagb Board Opdtions Exchange often specifies a position limit for option con-
tracts. This defines the maximum number of option contracts that an investor can hold on

* one side of the market. For this purpose, long calls and short puts are considered to be on

the same side of the market. Also considered to be on the same side are short calls and
long puts. The exercise limit usually equals the position limit. It defines the maximum
number of contracts that can be exercised by any individual (or group of individuals
acting together) in any period of five consecutive business days. Options on the largest
and most frequently traded stocks have positions limits of 250,000 contracts. Smaller
capitalization stocks have position limits of 200,000, 75,000, 50,000, or 25,000 contracts.

Position limits and exercise limits are designed to prevent the market from being
unduly influenced by the activities of an individual investor or group of investors.
However, whether the limits are really necessary is a controversial issue.

TRADING

Traditionally, exchanges have had to provide a large open area for individuals to meet
and trade options. This is changing. Many derivatives exchanges are fully electronic,
so traders do not have to physically meet. The International Securities Exchange
(www.iseoptions.com) launched the first all-electronic options market for equities in
the United States in May 2000. The Chicago Board Options Exchange has an
electronic system that runs side by side with its floor-based open-outcry markets.

Market Makers

- Most options exchanges use market makers to facilitate trading. A market maker for a

certain option is an individual who, when asked to do so, will quote both a bid and
an offer price on the option. The bid is the price at which the market maker is
prepared to buy, and the offer or asked is the price at which the market maker is
prepared to sell.- At the time the bid and offer prices are quoted, the market maker
does not know whether the trader who asked for the quotes wants to buy or sell the
option. The offer is always higher than the bid, and the amount by which the offer
exceeds the bid is referred to as the bid-offer spread. The exchange sets upper limits
for the bid-offer spread. For example, it might specify that the spread be no more
than $0.25 for options priced at less than $0.50, $0.50 for options priced between
$0.50 and $10, $0.75 for options priced between $10 and $20, and $1 for options
priced over $20 _
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The existence of the market maker ensures that buy and sell orders can always be
executed at some price without any delays. Market makers therefore add liquidity to the
market. The market makers themselves make their profits from the bid-offer spread.
They use some of the methods discussed in Chapter 17 to hedge their risks.

Offsetting Orders

An investor who has purchased an option can close out the position by issuing an
offsetting order to sell the same option. Similarly, an investor who has written an
option can close out the position by issuing an offsetting order to buy the same option.

(In this respect options markets are similar to futures markets.) If, when an option

contract is traded, neither investor is closing an existing position, the open interest
increases by one contract. If one investor is closing an existing position and the other is
not, the open interest. stays the same. If both investors are closmg existing posmons the
open interest goes down by one contract.

COMMISSIONS

The types of orders that can be placed with a broker for options trading are similar to
those for futures trading (see Section 2.7). A market order is executed immediately, a limit

_ order specifies the least favorable price at which the order can be executed, and so on.

For a retail investor, commissions vary significantly from broker to broker. Discount
brokers generally charge lower commissions than full-service brokers. The actual
amount charged is often calculated as a fixed cost plus a proportion of the dollar
amount of the trade. Table 8.1 shows the sort of schedule that might be offered by a
discount broker. Thus, the purchase of eight contracts when the option price is $3
would cost $20 + (0.02 x $2,400) = $68 in commissions.

If an option position is closed out by entering into an offsetting trade, the commis-
sion must be paid again. If the option is exercised, the commission is the same as it
would be if the investor placed an order to buy or sell the underlying stock. This could
be as much as 1% to 2% of the stock’s value. _

Consider an investor who buys one call contract with a strike price of $50 when the
stock price is $49. We suppose the option price is $4.50, so that the cost of the contract
is $450. Under the schedule in Table 8.1, the purchase or sale of one contract always

Table 8.1 A typical commission schedule for a discount broker.

Dollar amount of trade Commission*
< $2,500 $20 + 2% of dollar amount
$2,500 to $10,000 - ...  $45 + 1% of dollar amount

- > $10,000 $120 + 0.25% of dollar amount

* Maximum comrmission is $30 per contract for the first five contracts plus
$20 per contract for each additional contract. Minimum commission.is $30
per contract for the first contract plus $2 per contract for each additional
contract.
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costs $30 (both the maximum and minimum commission is $30 for the first contract).
Suppose that the stock price rises and the option is exercised when the stock reaches
$60. Assuming that the investor pays 1.5% commission on stock trades, the commission
payable when the option is exercised is :

0,015 x $60 x 100 = $90
The total commission paid is therefore $120, and’the net profit to the investor is
-$1,000 — $450 — $120 = $430

Note that selling the option for $10 instead of exercising it would save the investor $60
in commissions. (The commission payable when an option is sold is only $30 in our
example.) In general, the commission system tends to push retail investors in the
direction of selling options rather than exercising them. :

A hidden cost in option trading (and in stock trading) is the market maker’s bid-offer
spread. Suppose that, in the example just considered, the bid price was $4.00 and the
offer price was $4.50 at the time the option was purchased. We can reasonably assume
that a “fair” price for the option is halfway between the bid and the offer price, or $4.25.
The cost to the buyer and to the seller of the market maker system is the difference
between the fair price and the price paid. This is $0.25 per option, or $25 per contract.

MARGINS

When shares are purchased in the United States, an investor can borrow up to 50% of
the price from the broker. This is known as buying on margin. If the share price declines
so that the loan is substantially more than 50% of the stock’s current value, there is a

“margin call”, where the broker requests that cash be deposited by the investor. If the
margin call is not met, the broker sells the stock.

When call and put options with maturities less than 9 months are purchased, the
option price must be paid in full. Investors are not allowed to buy thése options on
margin because options already contain substantial leverage and buying on margin
would raise this leverage to an unacceptable level. For options with maturities greater
than 9 months investors can buy on margin, borrowing up to 25% of the option value.

A trader who writes options is required to maintain funds in a margin account. Both
the trader’s broker and the exchange want -to be satisfied that the investor will not
default if the option is exercised. The amount of margin required depends on the
trader’s position. ' '

Writing Naked Options

A naked option is an option that is not combined with an offsetting position in the
underlying stock. The initial margin required by the CBOE for a written naked call
option is the greater of the following two calculations:

1. A total of 100% of the proceeds of the sale plus 20% of the underlying share
price less the amount, if any, by which the option is out of the money

2. A total of 100% of the option proceeds plus 10% of the underlying share price
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For a written naked put option, it is the greater of

1. A total of 100% of the procécds of the sale plus 20% of the underlying share
- price less the amourit, if any, by which the option is out of the money

2. A total of 100% of the option proceeds plus 10% of the exercise price

The 20% in the preceding calculations is replaced by 15% for bptions on a broadly
based stock index because a stock index is usually less volatile than the price of an
- individual stock.

‘Example 8.3

An investor writes four naked call option contracts on a stock. The option price is
- 85, the strike price is $40, and the stock price is $38. Because the option is $2 out
of the money, the first calculation gives

400 x (5+0.2 x 38 —2) = $4,240
The second calculation gives
400 x (54 0.1 x 38) = $3,520

The initial margin requirement is therefore $4,240. Note that, if the option had
been a put, it would be $2 in the money and the margin requirement would be

400 x (5+0.2 x 38) = $5,040

In both cases the proceeds of the sale, $2,000, can be used to form part of the
margin account.

A calculation similar to the initial margin‘calculation (but with-the current market price
replacing the proceeds of sale) is repeated every day. Funds can be withdrawn from the
margin account when the calculation indicates that the margin required is less than the
current balance in the margin account. When the calculation indicates that a signifi-
cantly greater margin is required, a margin call will be made.

¢

Other Rules

In Chapter 10, we will examine option trading strategies such as covered calls, protective
puts, spreads, combinations, straddles, and strangles. The CBOE has special rules for
determining the margin requirements when these trading strategies are used. These are
described in the CBOE Margm Manual, which is available on the CBOE website
(www.cboe.com).

As an example of the rules, consider an investor who writes a covered call. This is
a written call option when the shares that might have to be delivered are already
owned. Covered calls are far less risky than naked calls, because the worst that can
happen is that the investor is required to sell shares already owned at below their
market value. No margin is required on the written option. However, the investor can
borrow an amount equal to 0.5min(S, K), rather than the usual 0.5, on the stock
position.
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- THE OPTIONS CLEARING CORPORATION

The Options Clearing Corporation (OCC) performs much the same function for
options markets as the clearinghouse does for futures markets (see Chapter 2). It
guarantees that options writers will fulfill-their obligations under the terms of options
contracts and keeps a record of all long and short positions. The OCC has a number of
members, and all option trades must be cleared through a member. If a broker is not
itself a member of an exchange’s OCC, it must arrange to clear its trades with a
member. Members are required to have a certain minimum amount. of capital and to
contribute to a special fund that can be used if any member defaults on an option
obligation.

. When purchasing an option, the buyer must pay for it in full by the mornmg of the

 hext business day. The funds are deposited with the OCC. The writer of the option

maintains a margin account with a broker, as described earlier.! The broker maintains a
margin account with the OCC member that clears its trades. The OCC member in turn
maintains a margin account with the OCC.

Exercising an Option

When an investor notifies a broker to exercise an option, the broker in turn notifies the

'OCC member that clears its trades. This member then places an exercise order with
the OCC. The OCC randomly selects a member with an outstanding short position in

the same option. The member, using a procedure established in advance, selects a
particular investor who has written the option. If the option is a call, this investor is
required to sell stock at the strike price. If it is a put, the investor is required to buy
stock at the strike price. The investor s said to be assigned. When an option is exercised,
the open interest.goes down by one.

At the expiration of the option, all in-the-money optlons should be exercised unless
the transactions costs are so high as to wipe out the payoff from the option. Some
brokers will automatically exercise options for a client at expiration when it is in their
client’s interest to do so. Many exchanges also have rules for exercising options that are
in the money at expiration.

’

REGULATION

Options markets are regulated in a number of different ways. Both the exchange and its
Options Clearing Corporation have rules governing the behavior of traders. In addition,
there are both federal and state regulatory authorities. In general, options markets have
demonstrated a willingness to regulate themselves. There have been no major scandals
or defaults by OCC members. Investors can have a high level of confidence in the way
the market is run.

The Securities and Exchange Comm1ss1on is responsible for regulating options
markets in stocks, stock indices, currencies, and bonds at the federal level. The

! The margin requirements described in-the previous section are the minimum requirements specified by the
OCC. A brokerage house may require higher margins from its clients. However, it cannot require lower
margins. Some brokerage houses do not allow their retail clients to write uncovered options at all.
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Commodity Futures Trading Commission is responsible for regulating markets for
options on futures. The major options markets are in the states of Illinois and
New York. These states actively enforce their own laws on unacceptable trading

practices.

TAXATION

Determining the tax implications of option-strategies can be tricky, and an investor
who is in doubt about this should consult a tax specialist. In the United States, the
general rule is that (unless the taxpayer is a professional trader) gains and losses from
the trading of stock options are taxed as capital gains or losses. The way that capital
gains and losses are taxed in the United States was discussed in Section 2.9. For both

the holder and the writer of a stock option, a gain or loss is recognized when (a) the

option expires unexercised or (b) the option position is closed out: If the option is.
exercised, the gain or loss from the option is rolled into the position taken in the stock
and recognized when the stock position is closed out. For example, when a call option
is exercised, the party with a long position is deemed to have purchased the stock at
the strike price plus the call price. This is then used as a basis for calculating this
party’s gain or loss when the stock is eventually sold. Similarly, the party with the
short call position is deemed to have sold the stock at the strike price plus the call
price. When a put option is exercised, the seller of the option is deemed to have
bought the stock for the strike price less the original put price and the purchaser of
the option is deemed to have sold the stock for the strike price less the original put
price.

Wash Sale Rule

One tax consideration in option trading in the United States is the wash sale rule. To

. understand this rule, imagine an investor who buys a stock when the price is $60 and

plans to keep it for the long term. If the stock price drops to $40, the investor might be
tempted to sell the stock and then immediately repurchase it, so that the $20 loss is

" realized for tax purposes. To prevent this sort of thing, the tax authorities have ruled

that when the repurchase is within 30 days of the sale (i.e., between 30 days before the
sale and 30 days after the sale), any loss on the sale is not deductible. The disallowance
also applies where, within the 61-day period, the taxpayer enters into an option or
similar contract to acquire the stock. Thus, selling a stock at a loss and buying a call
option within a 30-day period will lead to the loss being disallowed. The wash sale rule
does not apply if the taxpayer is a dealer in stocks or securities and the loss is sustained

in the ordinary course of business.

Constructive Sales_

Prior to 1997, if a United States taxpayer shorted a security while holding a long
position in a substantially identical security, no gain or loss was recognized until the
short position was closed out. This means that short positions could be used to defer
recognition of a gain for tax purposes. The situation was changed by the Tax Relief Act
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_Busmess Snapshot 8 2 Tax Planmng Usmg OpthIlS 5

Asa srmple example of a possrble tax planmng strategy usmg optrons suppose that
‘Country A has a tax regime where the tax is low on interest and dividends and high on-
capital: gains;. whrle “Country- B has a'tax regime where tax. is hlgh on interest and_.
dividends and. low on capltal garns T is advantageous fora: company 10 receive the]
'1ncome froma- secunty in Country A and the capital gain, if therers.one-=-1n-fCountry B.
The company would like to=_keep caprtal' }osses 1n-.-Country__-A" where they can -be-fused to‘

exercrsedand the caprtaleloss W111 be reahzed in Country.-A'. o

of 1997. An appreciated property is now treated as “eonstructively sold” when the
owner does one of the following:

- 1. Enters into a short sale of the same or substantially identical property _

2. Enters into a futures or forward contract to deliver the same or substantially
identical property

3. Enters into one or more positions that eliminate substantially all of the loss and
opportunity for gain

It should be noted that transactions reducing only the risk of loss or only the opportun-
ity for gain should not result in constructive sales. Therefore an investor holding a long
position in a stock can buy in-the-money put options on the stock without triggering a
constructive sale. _

Tax practitioners sometimes use options to minimize tax costs or maximize tax
benefits (see Business Snapshot 8.2). Tax authorities in many jurisdictions have
proposed legislation designed to combat the use of derivatives for tax purposes. Before
entering into any tax-motivated transaction, a corporate treasurer or private individual
should explore in detail how the structure could be unwound in the event of legislative
change and how costly this process could be.

WARRANTS, EMPLOYEE STOCK OPTIONS, AND CONVERTIBLES

Warrants are options issued by a financial institution or nonfinancial corporation. For
example, a financial institution might issue put warrants on one million ounces of gold
and then proceed to create a market for the warrants. To exercise the warrant, the
holder would contact the financial institution. A common use of warrants by a
nonfinancial corporation is at the time of a bond issue. The corporation issues call
warrants on its own stock and then attaches them to the bond issue to make it more
attractive to investors. ‘
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-Business‘Shapshot 8.3 "Employee Stock'Opt'ions-“ -

‘Stock opt1ons became an 1ncreas1ngly popular type of compensatron for execut1ves :
and other employees in the 19905 and early 2000s. In a typical arrangement ‘an |
employee is granted a ‘certain number: of call optrons on the stock of the company
for which he or she works The optrons are at the money on the grant, date They often
{ last.for ‘ten-years or even longer and there is-a vesting penod of up to five years. The"
_ | options. cannot be'e 'erc1sed durmg the vest1ng period, but can be exercised any, time
| after the vesting ctiod ends. If the employee leaves the company dur1ng the vesting
'perrod "ptrons re'forferted If the employee leaves the- company after the end of
s vesting period; in-the-n Options are exerc1sed lmmedrately while out-of the-
-money __ptrons aré forfe ed. Optr_ nnot be sold to another party by the: employee |
*“"One reason why employee stock options- have been so attractive:has been their |
‘accountmg tre _ment The- compensat1on cost charged to'thie income statément for an
employee: stock: opt1on in the United States- and other: countnes ‘has trad1tronally been
its inttinsic value Because most opt1ons were at the: money wherl they were issued;
‘this compensatlon cost was usually ZET10. In 1995 accounting standard FAS 123 was
issued. This encouraged but did not require, companies to expense the “fair value”_
of the options o1 their income statement (If the fair value was not expensed on the
income statement it-had to be reported in‘a footnote. to the company s accounts.) -
Accountmg standards have now changed to. require the expensing of stock options
at  their fair value on the income’ statement. Iu February 2004 the International
Accountmg Standards Board issued TAS 2 requiring: companies to “start expensmg'
‘stock. options-in: 2005, In" December 2004 FAS 123 was revised- to ‘tequire" the
'expensmg of employee stock. ‘options in the United- States ‘starting in .2005. There-
are signs that- these rules have made stock optlons less popular as'a method of
‘employee compensatron
- Employee stock optrons tend to be exercrsed earher than srrmlar exchange-traded.
f.or over-the-counter options because the employee is not. allowed to sell the options. If |
-an-employee wants to real1ze cash from the options, he or she has to exercise the
optlons and sell- the stock For this reason valuing employee stock gptions is not as
‘easy as valumg regular options. Tt requires a. model of the employees early-exercise
‘behavior (see Section 12, 10). o _
. There have been ‘some well pubhcrzed questronable act1v1t1es concermng the
granting of stock optrons 1f the senior management of a company knows there will
an announcement that will lead to.an increase in the company’s stock price, there is a
big ternptation to choose the time when. they grant stock options to themselves (or to
-choose the - time of the news. announcement) s0-that the news announcement 18
shortly after the grant date. Worse still, if the company experiences a sharp rise in-
its stock price, thereisa temptat1on to backdate the grant date of their at:the-money
-optrons Some senior managers seem {0 have succumbed to these temptatrons |

Employee stock options are call options issued to executives by their company to
motivate them to act in the best interests of the company’s shareholders. They are
usually at the money at the time of issue. They are now a cost on the income statement
of the company in most countries, making them a less attractive form of compensation
than they used to be. (See Business Snapshot 8.3.)
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Convertible bonds, often simply referred to as convertibles, are bonds issued by a
company that can be converted into equity at certain times using a predetermined
exchange ratio. They are. therefore bonds with an embedded call optlon on the
company’s stock. :

One feature of warrants, employee stock options, and convertibles is that a predeter-
mined number of options are issued. By contrast, the number of exchange-traded options
outstanding is not predetermined. (As more people trade a particular option series, the
number of options outstanding increases.) Warrants issued by a company on its own
stock, executive stock options, and convertibles are different from exchange-traded
options in another important way. When these instruments are exercised, the company

~ issues more shares of its own stock and sells them to the option holder for the strike price.
~The exercise of the instruments therefore leads to an increase in the number of shares of

the company’s stock that are outstanding. By contrast, when an exchange-traded call
option is exercised, the party with the short position buys in the market shares that have

already been issued and sells them to the party with the long position for the strike price.

The company whose stock underlies the option is not involved in any way.

OVER-THE-COUNTER OPTIONS MARKETS

Most of this chapter has focused on exchange-traded options markets. The over-the-
counter market for options has become increasingly important since the early 1980s and
is now larger than the exchange-traded market. As explained in Chapter 1, in the over-
the-counter market, financial institutions, corporate treasurers, and fund managers trade
over the phone. There is a wide range of assets underlying the options. Over-the-counter
options on foreign exchange and interest rates are particularly popular. The chief
potential disadvantage of the over-the-counter market is that option writer may default.
This means that the purchaser is subject to some credit risk. In an attempt to overcome
this disadvantage, market participants are increasingly requiring counterparties to post
collateral. This was discussed in Section 2.4.

The instruments traded in the over-the-counter market are often structured by
financial institutions to meet the precise needs of their clients. Sometimes this involves

. choosing exercise dates, strike prices, and contract sizes that are different from those

traded by the exchange. In other cases the structure of the option is different from
standard calls and puts. The option is then referred to as an exotic option. Chapter 24
describes a number of different types of exotic options.

SUMMARY

There are two types of options: calls and puts. A call option gives the holder the right to
buy the underlying asset for a certain price by a certain date. A put option gives the
holder the right to sell the underlying asset by a certain date for a certain price. There
are four possible positions in options markets: a long position in a call, a short position
in a call, a long position in a put, and a short position in a put. Taking a short position
in an option is known as writing it. Options are currently traded on stocks, stock
indices, foreign currencies, futures contracts, and other assets. _

An exchange must specify the terms of the option contracts it trades. In particular, it
must specify the size of the contract, the precise expiration time, and the strike price. In
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the United States one stock option contract gives the holder the right to buy or sell 100
shares. The expiration of a stock option contract is 10:59 p.m. Central Time on the
Saturday immediately following the third Friday of the expiration month. Options with
several different expiration months trade at any given time. Strike:prices are at $2 295,
or $10 intervals, depending on the stock price. The strike price is generally fairly close
to the stock price when trading in an option begins.

The terms of a stock option are not normally adjusted for cash dividends. However,
they are adjusted for stock .dividends, stock splits, and rights issues. The aim of the
adjustmént is to keep the positions of both the writer and the buyer of a contract
unchanged.

Most option exchanges use market makers. A market maker is an individual who is
prepared to quote both a bid price (at which he or she is prepared to buy) and an offer
price (at which he or she is prepared to sell). Market makers improve the liquidity of the

‘market and ensure that there is never any delay in executing market orders. They

themselves make a profit from the difference between their bid and offer prices (known as
their bid-offer spread). The exchange has rules specifying upper limits for the bid-offer
spread.

Writers of options have potentlal liabilities and are requlred to maintain margins
with their brokers. If it is not a member of the Options Clearing Corporation, the
broker will maintain a margin account with a firm that is a member. This firm will in

* turn maintain a margin account with the Options Clearing Corporation. The Options

Clearing Corporation is responsible for keeping a record of all outstandmg contracts,

" ~ handling exercise orders, and so on.

Not all options are traded on exchanges. Many options are traded by phone in the
over-the-counter market. An advantage of over-the-counter options is that they can be

~ tailored by a financial institution to meet the partlcular needs of a corporate treasurer
~ or fund manager.

FURTHER READING

Arzac, E.R. “PERCs, DECs, and Other Mandatory Convertibles,” Journal of Applied Corporate
Finance, 10, 1 (1997): 54-63.

McMillan, L. G. McMillan on Options, 2nd edn. New Jersey: Wiley, 2004.

Questions and Problems (Answers in Solutions Manual)

8 1. An investor buys a European put on a share for $3. The stock price is $42 and the strike

8.2.

price is $40. Under what circumstances does the investor make a profit? Under what
circumstances will the option be exercised? Draw a diagram showing the variation of the
investor’s profit with the stock price at the maturity of the option.

An investor sells a European call on a share for $4. The stock price is $47 and the strike
price is $50. Under what circumstances does the investor make a profit? Under what
circumstances will the option be exercised? Draw a diagram showing the variation of the
investor’s profit with the stock price at the maturity of the option.
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8.3.
8.4.
8.5.
8.6.

8.7.

8.8.

8.9.

8.10.

- 811

8.12.

8.13.

8.14.
8.15.
8.16.

8.17.

8.18.

CHAPTER 8

An investor sells a European call option with strike price of K and maturity 7 and buys a
put with the same strike price and maturity. Describe the investor’s position.

Explain why brokers require margins when clients write options but not when they buy

options.

A stock optlon isona February, May, August, and November cycle What options trade
on (a) April 1 and (b) May 30?

A company declares a 2-for-1 stock split. Explain how the terms change for a call option
with a strike price of $60.

“Employee stock options issued by a company are different from regular exchange-traded
call options on the company’s stock because they can affect the capital structure of the
company.” Explain this statement.

A corporate treasurer is designing a hedging program involving foreign currency options.
What are the pros and cons of using (a) the Philadelphia Stock Exchange and (b) the
over-the-counter market for trading?

Suppose that a European call option to buy a share for $100.00 costs $5.00 and is held until
maturity. Under what circumstances will the holder of the option make a profit? Under
what circumstances will the option be exercised? Draw a diagram illustrating how the profit
from a long position in the option depends on the stock price at maturity of the option.

Suppose that a European put option to sell a share for $60 costs $8 and is held until
maturity. Under what circumstances will the seller of the option (the party with the short
position) make a profit? Under what circumstances will the option be exercised? Draw a
diagram illustrating how the profit from a short posmon in the option depends on the
stock price at maturity of the option.

Describe the terminal value of the following portfolio: a newly entered-into long forward
contract on an asset and a long position in a European put option on the asset with the
same maturity as the forward contract and a strike price that is equal to the forward price
of the asset at the time the portfolio is set up. Show that the European put option has the
same value as a European call option with the same strike price and maturity.

A trader buys a call option with a strike price of $45 and a put option with a strike price
of $40. Both options have the same maturity. The call costs $3 and the put costs $4. Draw
a diagram showing the variation of the trader’s profit with the asset price.

Explain why an American option is always worth at least as much as a European option
on the same asset with the same strike price and exercise date.

Exnlain why an American option is always worth at least as much as its intrinsic value.
Explain carefully the difference between writing a put option and buying a call option.

The treasurer of a corporation is trying to choose between options and forward contracts to
hedge the corporation’s foreign exchange risk. Discuss the advantages and disadvantages
of each.

Consider an exchange-traded call option contract to buy 500 shares with a strike price of
$40 and maturity in 4 months. Explain how the terms of the option contract change when
there is: (a) a 10% stock dividend; (b) a 10% cash dividend; and (c) a 4-for-1 stock split.

“If most of the call options on a stock are in the money, it is likely that the stock price has
risen rapidly in the last few months.” Discuss this statement.
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8.19. What is the effect of an unexpected cash dividend on (a) a call optlon price and (b) a put
option price?

8.20. Options on General Motors stock are on a March, June September, and December cycle.
~ What options trade on (a) March 1, (b) June 30, and (c) August 5?

8.21. Explain why the market maker’s bid—offer spread represents a real cost to options investors.

8.22. A United States investor writes five naked call option contracts. The option price is $3.50,
the strike price is $60.00, and the stock price is $57.00. What is the initial margm
requirement? '

Assignment Questions

8.23. The price of a stock is $40. The price of a 1-year European put option on the stock with a
strike price of $30 is quoted as $7 and the price of a 1-year European call option on the
stock with a strike price of $50 is quoted as $5. Suppose that an investor buys 100 shares,
shorts 100 call options, and buys 100 put options. Draw a diagram illustrating how the
investor’s profit or loss varies with the stock price over the next year. How does your answer
change if the investor buys 100 shares, shorts 200 call options, and buys 200 put options?

8.24. “If a company does not do better than its competitors but the stock market goes up,
executives do very well from their stock options. This makes no sense.” Discuss this
viewpoint. Can you think of alternatives to the usual employee stock option plan that
take the viewpoint into account.

8.25. Use DerivaGem to calculate the value of an American put option on a non-dividend-
paying stock when the stock price is $30, the strike price is $32, the risk-free rate is 5%,
the volatility is 30%, and the time to maturity is 1.5 years. (Choose ‘“Binomial American”
for the “option type” and 50 time steps.)

(a) What is the option’s intrinsic value?

(b) What is the option’s time value?

(c) What would a time value of zero indicate? What is the value of an option with zero
time value?

(d) Using a trial and error approach, calculate how low the stock price would have to be
for the time value of the optionito be zero.

8.26. On July 20, 2004, Microsoft surprised the market by announcing a $3 dividend. The ex-
dividend date was November 17, 2004, and the payment date was December 2, 2004. Its

stock price at the time was about $28. It also changed the terms of its employee stock
options so that each exercise price was adjusted downward to

Closing price — $3.00

Predividend exercise price x . -
Closing price

The number of shares covered by each stock option outstanding was adjusted upward to

Closing price
Closing price — $3.00

Number of shares predividend x

“Closing Price” means the official NASDAQ closing price of a share of Microsoft
common stock on the last trading day before the ex-dividend date. Evaluate this adjust-
ment. Compare it with the system used by exchanges to adjust for extraordinary dividends

* (see Business Snapshot 8.1). '






9.1

Properties of
Stock Options

In this chapter we look at the factors affecting stock option prices. We use a number of

different arbitrage arguments to explore the relationships between European option
prices, American option prices, and the underlying stock price. The most important of
these relationships is put—call parity, which is a relationship between the price of a
European call option, the price of a European put option, and the underlying stock price.

The chapter examines whether American options should be exercised early. It shows
that it is never optimal to exercise an American call option on a non-dividend-paying
stock prior to the option’s expiration, but that under some circumstances the early
exercise of an American put option on such a stock is optimal.

FACTORS AFFECTING OPTION PRICES

There are six factors affecting the price of a stock option:

1. The current stock price, Sy

2. The strike price, K

3. The time to expiration, T

4. The volatility of the stock price, o

5. The risk-free interest rate, r
- 6. The dividends expected during the life of the option
In this section we consider what happens to option prices when one of these factors
changes, with all the others remaining fixed. The results are summarized in Table 9.1.

Figures 9.1 and 9.2 show how European call and put prices depend on the first five
factors in the situation where Sy =50, K =350, r=5% per annum, o =30% per

annum, T =1 year, and there are no dividends. In this case the call price is 7.116
and the put price is 4.677. '

Stock Price and Strike Price

If a call option is exercised at some future time, the payoff will be the amount by which
the stock price exceeds the strike price. Call options therefore become more valuable as

201
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‘Table 9.1 Summary of the effect on the price of a stock option of

increasing one variable while keeping all others fixed.*

Variable European European American American
call put - cal . put
Current stock price - + ~ + -
Strike price - + - +
Time to expiration 7 ? -+ +
Volatility + + + +
Risk-free rate + - -+ -
Amount of futute dividends - + - +

* + indicates that an increase in the variable causes the option price to increase;
— indicates that an increase in the variable causes the option price to decrease;
? indicates that the relationship is uncertain.

the stock price increases and less valuable as the strike price increases. For a put option,
the payoff on exercise is the amount by which the strike price exceeds the stock price.
Put options therefore behave in the opposite way from call options: they become less
valuable as the stock price increases and more valuable as the strike price increases.
Figures 9.1(a—d) illustrate the way in which put and call prices depend on the stock price
and strike price. '

Time to Expiration

Now consider the effect of the expiration date. Both put and call American options
become more valuable (or at least do not decrease in value) as the time to expiration
increases. Consider two American options that differ only as far as the expiration date is
concerned. The owner of the long-life option has all the exercise opportunities open to
the owner of the short-life option—and more. The long-life option must therefore
always be worth at least as much as the short-life option.

Although European put and call options usually become more valuable as the time
to expiration increases (see, e.g., Figures 9.1(¢, f)), this is not always the case. Consider
two European call options on a stock: one with an expiration date in 1 month, the other
with an expiration date in 2 months. Suppose that a very large dividend is expected in
6 weeks. The dividend will cause the stock price to decline, so that the short-life option
could be worth more than the long-life option. '

Volatility

The precise way in which volatility is defined is discussed in Chapter 13. Roughly
speaking, the volatility of a stock price is a measure of how uncertain we are about
future stock price movements. As volatility increases, the chance that the stock will do
very well or very poorly increases. For the owner of a stock, these two outcomes tend to
offset each other. However, this is not so for the owner of a call or put. The owner of a
call benefits from price increases but has limited downside risk in the event of price
decreases because the most the owner can lose is the price of the option. Similarly, the
owner of a put benefits from price decreases, but has limited downside risk in the event
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of price increases. The values of both calls and puts therefore increase as volatility
increases (see Figures 9.2(a,b)). o -

Risk-Free Interest Rate
The risk-free interest rate affects the price of an option in a less clear-cut way. As interest
rates in the economy increase, the expected return required by investors from the stock

Figu re9.1 Effect of changes in stock price, strike price, and expiration date on option
prices when §y = 50, K = 50, r = 5%, 0 = 30%, and T = 1.
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Figure 9.2 Effect of changes in volatility and risk-free interest rate on optlon prices
when Sy = 50, K = 50, r—5%, 6=30%,and T =1.
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tends to increase. In addition, the present value of any future cash flow received by the
holder of the option decreases. The combined impact of these two effects is to iricrease the
value of call options and decrease the value of put options (see Figures 9.2(c, d)).

It is important to emphasize that we are assuming that interest rates change while all
other variables stay the same. In particular we are assuming in Table 9.1 that interest
rates change while the stock price remains the same. In practice, when interest rates rise
(fall), stock prices tend to fall (rise). The net effect of an interest rate increase and the
accompanying stock price decrease can be to decrease the value of a call option and
increase the value of a put option. Similarly, the net effect of an interest rate decrease
and the accompanying stock price increase can be to increase the value of a call option
and decrease the value of a put option.

Amount of Future Dividends

Dividends have the effect of reducing the stock price on the ex-dividend date. This is
bad news for the value of call options and good news for the value of put options. The
value of a call option is therefore negatively related to the size of an anticipated future
dividend, and the value of a put option is positively related to the size of an anticipated
future dividend.
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9.2

9.3

ASSUMPTIONS AND NOTATION

In this chapter we will make.assumptions similar to those made for deriving forward
and futures prices in Chapter 5. We assume that there are some market participants,
such as large investment banks, for which the following statements are true:

1. There are no transactions costs.
2. All trading profits (net of trading losses) are subject to the same tax rate.
3. Borrowing and lending are possible at the risk-free interest rate,

We assume that these market participants are prepared to take advantage of arbitrage

opportunities as they arise. As discussed in Chapters 1 and 5, this means that any

available arbitrage opportunities disappear very quickly. For the purposes of our

analysis, it is therefore reasonable to assume that there are no arbitrage opportunities.
We will use the following notation:

So: Current stock price

K: Strike price of option

T: Time to expiration of option

Sr: Stock price on the expiration date

r. Continuously compounded risk-free rate of interest for an investment matunng -
in time T

Value of American call option to buy one share
Value of American put option to sell one share

" v O

Value of European call option to buy one share
p: Value of European put option to sell one share
It should be noted that r is the nominal rate of interest, not the real rate of interest. We

can assume that r > 0. Otherwise, a risk-free investment would provide no advantages
over cash. (Indeed, if r < 0, cash would be preferable to a risk-free investment.)

UPPER AND LOWER BOUNDS FOR OPTION PRICES

In this section we derive upper and lower bounds for option prices. These bounds do
not depend on any particular assumptions about the factors mentioned in Section 9.1
(except r > 0). If an option price is above the upper bound or below the lower bound,
then there are profitable opportunities for arbitrageurs.

Upper Bounds

An American or European call option gives the holder the right to buy one share of a
stock for a certain price. No matter what happens, the option can never be worth more
than the stock. Hence, the stock price is an upper bound to the option price:

c<S and C<S,

If these relationships were not true, an arbitrageur could easily make a riskless profit by
buying the stock and selling the call option. :
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An American or European put option gives the holder the right to sell one share of a
stock for K. No matter how low the stock price becomes, the option can never be worth
more than K. Hence, R
p<K and PKK

For European options, we know that at maturity the option cannot be worth more than
K. Tt follows that it cannot be worth more than the present value of K today:

: p s K e—rT
If this wefé not true, an arbitrageur could make a riskless profit by writing the option
and investing the proceeds of the sale at the risk-free interest rate.

Lower Bound for Calls on Non-Dividend-Paying Stocks

A lower bound for the price of a European call option on a non-dividend-paying stock is
So— Ke™T

We first look at a numerical example and then consider a more formal argument.
Suppose that Sy = $20, K = $18, r = 10% per annum, and T = 1 year. In this case,

S — Ke T =20-18¢7" =371

or $3.71. Consider the situation where the European call price is $3.00, which is less
than the theoretical minimum of $3.71. An arbitrageur can short the stock and buy the
call to provide a cash inflow of $20.00 — $3.00 = $17.00. If invested for 1 year at 10%
per annum, the $17.00 grows to 17¢" = $18.79. At the end of the year, the option
expires. If the stock price is greater than §18.00, the arbitrageur exercises the option for
$18.00, closes out the short position, and makes a profit of

$18.79 — $18.00 = §0.79

If the stock price is less than $18.00, the stock is bought in the market and the short
position is closed out. The arbitrageur then makes an even greater profit. For example,
if the stock price is $17.00, the arbitrageur’s profit is

$18.79 — $17.00 =$1.79

For a more formal argument, we consider the following two portfolios:

Portfolio A: one European call option plus an amount of cash equal to Ke ™"
Portfolio B: one share

In portfolio A, the cash, if it is invested at the risk-free interest rate, will grow to X in
time T. If S7 > K, the call option is exercised at maturity and portfolio A is worth Sy. If
St < K, the call option expires worthless and the portfolio is worth K. Hence, at time
T, portfolio A is worth

max(Sr, K)

Portfolio B is worth Sy at time T. Hence, portfolio A is always worth as much as, and




Properties of Stock Options - o 207

can be worth more than, portfolio B ét_ the option"s maturity. It follows that in the
absence of arbitrage opportunities this must also be tfue today. Hence,

c+Ke 28,
or

c> 8 —Ke

Because the worst that can happen to a call option is that it expires wbrthless, its value
- cannot be negative. This means that ¢ > 0 and therefore

¢ > max(S§y - Ke"T, 0) SERE .1
Example 9.1 |

Consider a European call option on a non-dividend-paying stock when the stock
price is $51, the strike price is $50, the time to maturity is 6 months, and the risk-
free rate of interest is 12% per annum. In this case, Sy = 51, K = 50, T = 0.5, and
r = 0.12. From equation (9.1), a lower bound for the option priceis Sy — Ke ™', or

51 — 50¢~012%03 — g3 91

Lower Bound for European Puts on Non-Dividend-Paying Stocks

For a European put option on a non-dividend-paying stock, a lower bound for the
price is .
Ke_.’T - So

Again, we first consider a numerical exzimple and then look at a more formal argument.
Suppose that Sy = $37, K = $40, r = 5% per annum, and T = 0.5 years. In this case,

Ke™T — 8y = 40e709 37 = $2.01

Consider the situation where the European put price is $1.00, which is less than the

. theoretical minimum of $2.01. An arbitrageur can borrow $38.00 for 6 months to buy
both the put and the stock. At the end of the 6 months, the arbitrageur will be required
to repay 38¢"%%% = $38.96. If the stock price is below $40.00, the arbitrageur exercises
the option to sell the stock for $40.00, repays the loan, and makes a profit of

$40.00 — $38.96 = $1.04

If the stock price is greatér than $40.00, the arbitrageur discards the option, sells the
stock, and repays the loan for an even greater profit. For example, if the stock price is
$42.00, the arbitrageur’s profit is

$42.00 — $38.96 = §3.04

For a more formal argument, we consider the following two portfolios:

Portfolio C: one European put option plus one share
Portfolio D: an amount of cash equal to Ke™'”

If §; < K, then the option in portfolio C is exercised at option maturity, and the
portfolio becomes worth K. If Sy > K, then the put option expires worthless, and the



208

9.4

CHAPTER 9

portfolio is worth Sy at this time. Hence, portfolio C is worth
| mé’x(STv K)

in time T. Assuming the cash is invested at the risk-free interest rate, portfolio D is
worth K in time T. Hence, portfolio C is always worth as much as, and can sometimes
be worth more than, portfolio D in time T. It follows that in the absence of arbitrage
opportunities portfolio C must be worth at least as much as portfolio D today. Hence,

PS> ke
or _
p2Ke -5

Because the worst that can happen to a put option is that it expires worthless, its value
cannot be negative. This means that

p > max(Ke™™ - §, 0) 9.2)
Example 9.2 ' o

Consider a European put option on a non-dividend-paying stock when the stock
price is $38, the strike price is $40, the time to maturity is 3 months, and the
risk-free rate of interest is 10% per annum. In this case o= 38, K = 40,
T =10.25, and r = 0.10. From equatlon (9.2), a lower bound for the option price

is Ke 7T — 8y, or
4001925 _ 3 _ g1 01

PUT-CALL PARITY
We now derive an important relationship between p and c. Consider the following two
portfolios that were used in the previous section:

Portfolio 4: one European call option plus an amount of cash equal to Ke™7
Portfolio C: one European put option plus one share

Both are worth
maX(Sr, K)

~ at expiration of the options. Because the options are European, they cannot be exercised

prior to the expiration date. The portfolios must therefore have identical values today.
This means that

c+KeT=p +.s0 9.3)

This relationship is known as put—call parity. It shows that the value of a European call
with a certain strike price and exercise date can be deduced from the value of a
European put with the same strike price and exercise date, and vice versa.

If equation (9.3) does not hold, there are arbitrage opportunities. Suppose that the
stock price is $31, the strike price is $30, the risk-free interest rate is 10% per annum,
the price of a 3-month European call option is $3, and the price of a three-month

‘European put option is $2.25. In this case,

e+ Ke™T =34 30e743/12 = §30 26
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and . o
p+ S =2254+31=933.25

Portfolio C is overpriced relative to portfoﬁ_o A. An arbitrageur can buy the securities in
portfolio A and short the securities in portfolio C. The strategy involves buying the call
and shorting both the put and the stock, generating a positive cash flow of

 =34225+431=83025
up front. When invested at the _;’isk?fr'ee interest rate, this amount grows to
30.2580'1)(0'25 =$31.02

in 3 months. If the stock price at expiration of the option is greater than $30, the call
will be exercised; and if it is less than $30, the put will be exercised. In either case, the
arbitrageur ends up buying one share for $30. This share can be used to close out the
short position. The net profit is therefore

$31.02 — $30.00 = $1.02

‘For an alternative situation, suppose that the call price is $3 and the put price is $1.
In this case, ' ‘

c+ Ke T =3430e70¥12 — §32.26
and _ _ '
' p+ Sy =1431=832.00

Portfolio A is overpriced relative to portfolio C. An arbitrageur can short the securities in
portfolio A and buy the securities in portfolio C to lock in a profit. The strategy involves

Table 9.2 Arbitrage opporthni_tics when put~call parity does not hold. Stock
price = $31; interest rate = 10%; call price = $3. Both put and call have a
strike price of $30 and 3 months to maturity.

Three-month put price = $2.25 Three-month put price = $1

Action now: ' Action now:

Buy call for $3 Borrow $29 for 3 months

Short put to realize $2.25 Short call to realize $3

Short the stock to realize $31 Buy put-for §1

Invest $30.25 for 3 months Buy the stock for $31

Action in 3 months if St > 30: - Action in 3 months if St > 30:

Receive $31.02 from investment Call exercised: sell stock for $30

Exercise call to buy stock for $30 Use $29.73 to repay loan

Net profit = §1.02 Net profit = $0.27

Action in 3 months if Sp < 30: Action in 3 months if Sg < 30:

Receive $31.02 from investment " Exercise put to sell stock for $30
- Put exercised: buy stock for $30 Use $29.73 to repay loan

Net profit = $1.02 Net profit = $0.27
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‘Busmess Snapshot 9 1 Put—Call Panty and Capltal Structure "

The ploneers of optron prrclng were Flscher Black; Myron Scholes, and Robert
;Merton In the early 1970s, they: showed that optlons ¢an be used to characterrze
the cap1tal structure of a company Today therr analysrs i wrdely used by ﬁnancral-
| institutions‘to assess a company s cred1t nsk .

“To 111ustrate the analysis, consider a company that has assets that are ﬁnanced w1th__=__
Zero-coupon. bonds and: equlty Suppose that the. bonds mature in- 5. years at ‘which
time a principal payment of K is requlred The company pays no d1v1dends If the
 assets are worth more than Kin5 ‘years; the equlty holders choose to Tepay ‘the:
‘bondholders. If the assets.are: worth less than K, the. eqmty holders choose to declare
bankruptcy and the’ bondholders end up owning the company -

The value . of the equrty __1n 5 years is therefore max(AT K, 0)," where AT is. thef,
value of the: company assets at . This shows that ‘the-equity fholders have a|
S-year- European call optlon on'the assets of the ¢ company with a’ stnke price-of K.-
What about the bondholders” They get: mm(AT, K)in.5 years. ‘This 1 is the same as
K- max(K ‘Ag, 0). This shows.that today the bonds are-worth the present valie |
of K minus the: value of a 5-year European put optlon on the assets w1th a stnke-
priceof K. . .- : :

To summarize, if ¢ and p are the value of the call and put optlons on the company s
assets at time T then :

Value of equrty =c-
-_;;. vnmohmn—Pwm p

"Denote the value of the assets of the compary today by Ag. The. value of the assets
must equal the total value of the instruments used to finance the assets. This ‘means
that it must equal the sum of the value of the equ1ty and the value of the debt $0 that»-’

. _ Ay=ct [PV(K) -pl.
Rearrangmg thrs equatlon we have ' R O
R | 'f:c+PwK) p+A0m_' |
This is the put—call panty result in equatlon (9 3) for call and put optlons on. the
assets of the company. _

shorting the call and buying both the put and the stock with an initial investment of
$31+51 -83 =529

When the investment is financed at the risk-free interest rate, a repayment of 29”12 —
$29.73 is required at the end of the 3 months. As in the previous case, either the call or the
put will be exercised. The short call and long put option pesition therefore leads to the
stock being sold for $30.00. The net profit is therefore

§30.00 — $29.73 = §0.27

These examples are illustrated in Table 9.2. Business Snapshot 9.1 shows how options
and put—call parity can help us understand the positions of the debt and equity holders
in a company.
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9.5

-American Options

Put—call parity holds only for European options. However, it is possible to derive some

results for American option prices. It can be shown (see Problem 9.18) that, when there
are no dividends, .

: So—K<C—P<S—Ke™ (94
Example 9.3 | '

An American call option on a non-dividend-paying stock with strike price $20.00
and maturity in 5 months is worth $1.50. Suppose that the current stock price is
$19.00 and the risk-free interest rate is 10% per annum. From equation (9.4), we
have ' o
19-20 € C — P < 19— 20¢7 01312
or
1>2P-C20.18

showing that P — C lies between $1.00 and $0.18. With C at $1.50, P must lie
between $1.68 and $2.50. In other words, upper and lower bounds for the price of

an American put with the same strike price and expiration date as the American
call are $2.50 and $1.68.

EARLY EXERCISE: CALLS ON A NON-DIVIDEND-PAYING STOCK

This section demonstrates that it is never optimal to exercise an American call option on
a non-dividend-paying stock before the expiration date. _

To illustrate the general nature of the argument, consider an American call option on
a non-dividend-paying stock with 1 month to expiration when the stock price is $50 and
the strike price is $40. The option is deep in the money, and the investor who owns the
option might well be tempted to exercise it immediately. However, if the investor plans
to hold the stock obtained by exercising the option for more than 1 month, this is not
the best strategy. A better course of action is to. keep the option and exercise it at the
end of the month. The $40 strike price is then paid out 1 month later than it would be if
the option were exercised immediately, so that interest is earned on the $40 for 1 month.
Because the stock pays no dividends, no income from the stock is sacrificed. A further
advantage of waiting rather than exercising immediately is that there is some chance
(however remote) that the stock price will fall below $40 in 1 month. In this case, the
investor will not exercise in 1 month and will be glad that the decision to exercise early
was not taken! ' ‘ ,

This argument shows that there are no advantages to exercising early if the investor
plans to keep the stock for the remaining life of the option (1 month, in this case). What
if the investor thinks the stock is currently overpriced and is wondering whether to
exercise the option and sell the stock? In this case, the investor is better off selling the
option than exercising it.! The option will be bought by another investor who does
want to hold the stock. Such investors must exist: otherwise the current stock price
would not be $50. The price obtained for the option will be greater than its intrinsic
value of $10, for the reasons mentioned earlier.

! As an alternative strategy, the investor can keép the option and short the stock to lock in a better profit
than $10.
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9.6

Hence,

CHAPTER 9

. Figure 9.3 Variation of price of an American or European call option on a non-

dividend-paying stock with the stock price, Sp.

{ Call option
price : ’

>

K o Stock price, S,

For a more formal argument, we can use equation (9.1):
c> S —Kel

Because the owner of an American call has all the exercise opportunities open to. the

- owner of the corresponding European call, we must have

C2c
C>S,—Ke™

Given r > 0, it follows that C > Sy — K. If it were optimal to exercise early, C would
equal Sy — K. We deduce that it can never be optimal to exercise early.

Figure 9.3 shows the general way in which'the call price varies with ;. It indicates
that the call price is always above its intrinsic value of max(Sy — K, 0). As r or T or the
volatility increases, the line relating the call price to the stock price moves in the
direction indicated by the arrows (.., farther away from the intrinsic value).

To summarize, there are two reasons an American call on a non-dividend-paying
stock should not be exercised early. One relates to the insurance that it provides. A call
option, when held instead of the stock itself, in effect insures the holder against the
stock price falling below the strike price. Once the option has been exercised and the
strike price has been exchanged for the stock price, this insurance vanishes. The other
reason concerns the time value of money. From the perspective of the option holder,
the later the strike price is paid out, the better.

EARLY EXERCISE: PUTS ON A NON-DIVIDEND-PAYING STOCK

It can be optimal to exercise an American put option on a non-dividend-paying stock
early. Indeed, at any given time during its life, a put option should always be exercised
early if it is sufficiently deep in the money.
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To illustrate this, consider an extreme situation. Suppose that the strike price is - $10

and the stock price is virtually zero. By exercising immediately, an investor makes an

" immediate gain of $10. If the investor waits, the gain from exercise might be less than
$10, but it cannot be more than $10 because negative stock prices are impossible.
Furthermore, receiving $10 now is preferable to receiving $10 in the future. It follows
that the option should be exercised immediately.

Like a call option, a put option can be viewed as providing insurance. A put option,
when held in conjunction with the stock, insures the holder against-the stock price
falling below a certain level. However, a put option is different from a call option in that
it may be optimal for an investor to forgo this insurance and exercise early in order to
realize the strike price immediately. In general, the early exercise of a put option
becomes more attractive as S, decreases, as r increases, and as the volatility decreases.

It will be recalled from equation (9.2) that

p > K e—r T - S()
For an American put with price P, the stronger condition
P>K- So '

must always hold because immediate exercise is always possible. -

Figure 9.4 shows the general way in which the price of an American put varies with
So- Provided that r > 0, it is always optimal to exercise an American put immediately
when the stock price is sufficiently low. When early exercise is optimal, the value of the
option is K — Sy. The curve representing the value of the put therefore merges into the
put’s intrinsic value, K — Sy, for a sufficiently small value of S,. In Figure 9.4, this value
of Sy is shown as point 4. The line relating the put price to the stock price moves in the
direction indicated by the arrows when r decreases, when the volatility increases, and
when T increases. '

Because there are some circumstances when it is desirable to exercise an American
put option early, it follows that an American put option is always worth more than the

Figure 9.4 Variation of price of an American put option with stock price, S.

A American
put price

e

K Stock price, 570




214

9.7

CHAPTER 9

Figure 9.5 Variation of price of a Eurbpean put option with the stock price, Sp.

A European
put price

Stock price, .STO ‘

corresponding European put option. Furthermore, because an American put is some-

~-times worth its intrinsic value (see Figure 9.4), it follows that a European put option
must sometimes be worth less than its intrinsic value. Figure 9.5 shows the variation of
the European put price with the stock price. Note that point B in Figure 9.5, at which
the price of the option is equal to its intrinsic value, must represent a higher value of the
stock price than point 4 in Flgure 9.4. Point E in Figure 9.5 is where 8o =0 and the
European put price is Ke™"

EFFECT OF DIVIDENDS

The results produced so far in this chapter have assumed that we are dealing with
options on a non-dividend-paying stock. In this section we examine the impact of
dividends. In the United States most exchange-traded stock options have a life of less
than 1 year and dividends payable during the life of the option can usually be predicted
with reasonable accuracy. We will use D to denote the present value of the dividends
during the life of the option. In the calculationof D, a dividend is assumed to occur at
the time of its ex-dividend date.

" Lower Bound for Calls and Puts

We can redefine portfolios A and B as follows:

Portfolio A: one European call option plus an amount of cash equal to D + Ke™""
Portfolio B: one share

A similar argument to the one used to derive equation (9.1) shows that

>8-D-Ke™" (9.5)
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‘We can also redefine portfolios C and D as follows:

Portfolio C: one European put option plus one share '
Portfolio D an amount of cash equal to D + KeT

A similar érgument to the onhe used to derive equation (9.2) shows that -

p2 D4k -8, | (9.6)

Early Exercise

When dividends are expected, we can no longer assert that an American call option will
not be exercised early. Sometimes it is optimal to exercise an American call immediately
prior to an ex-dividend date. It is never optimal to exercise a call at other times. This
point is discussed further in Section 13.12.

Put-Call Parity

Comparing the value at option maturity of the redefined portfolios A and C shows that,
with dividends, the put—call parity result in equation (9.3) becomes

c+D+Ke T =p+35, ‘ 9.7)
Dividends cause equation (9.4) to be modified (see Problem 9.19) to

So~D-K<C-P<Sy—Ke™m . (98)

SUMMARY

There are six factors affecting the value of a stock option: the current stock price, the
strike price, the expiration date, the stock price volatility, the risk-free interest rate, and
the dividends expected during the life of the option. The value of a call generally
increases as the current stock price, the time to expiration, the volatility, and the risk-
free interest rate increase. The value of a call decreases as the strike price and expected

~ dividends increase. The value of a put generally increases as the strike price, the time to
expiration, the volatility, and the expected dividends increase. The value of a put
decreases as the current stock price and the risk-free interest rate increase.

It is possible to reach some conclusions about the value of stock options without
making any assumptions about the volatility of stock prices. For example, the price of a
call option on a stock must always be worth less than the price of the stock itself.
Similarly, the price of a put option on a stock must always be worth less than the
option’s strike price. ) _

A European call option on a non-dividend-paying stock must be worth more than

max(Sy — Ke™”, 0)

where S is the stock price, K is the strike price, r is the risk-free interest rate, and T is
the time to expiration. A European put option on a non-dividend-paying stock must be
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worth more than ,
D max(Ke™" — $,0)

When dividends with present value D will be pa1d the lower bound for a European call
option becomes
max(So -D-KeT,0)

and the lower bound for a European put option becomes
max(Ke™T + D — 8, 0)

Put—call parity is a relationship between the price, ¢, of a European call option on a
stock and the price, p, of a European put option on a stock. For a non- d1v1dend -paying
stock, it is '

c+Ke™" =p+So- ,
For a dividend-paying stock, the put—call parity relationship is
c+D+Ke T =p+5,

Put—call parity does not hold for American options. However, it is possible to use
arbitrage arguments to_obtain upper and lower bounds for the difference between the
price of an American call and the price of an American put.

In Chapter 13, we will carry the analyses in this chapter further by making specific
assumptions about the probabilistic behavior of stock prices. The analysis will enable us
to derive exact pricing formulas for European stock options. In Chapters 11 and 19, we
will see how numerical procedures can be used to price American options.
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Questions and Problems (Answers ih Solutions Manual)

9.1. List the six factors that affect stock .option prices.

9.2. What is a lower bound for the price of a 4-month call option on a non-dividend-paying
stock when the stock price is $28, the strike price is $25, and the nsk-free interest rate is
8% per annum?
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9.3.

94,

What is a lower bound for the price of a 1-month European put option on a non-
dividend-paying stock when the stock price is 512, the strike price is $15, and the rlsk-free
interest rate is 6% per annum?

Give two reasons why the early exercise of an American call option on a non-dividend-

" paying stock is not optimal. The first reason should involve the time value of money. The

9.5.

9.6.
9.7.

9.8

99,
- 9.10.

9.11.

9.12.

9.13.

9.14.

9.15.

9.16.

9.17.

second should apply even if interest rates are zero.

“The early exercise of an American put is a trade-off between the time value of money
and the insurance value of a put.” Explain this statement.

Explain why an American call option on a dividend-paying stock is always worth at least
as much as its intrinsic value. Is the same true of a European call-option? Explain your
answer.

The price of a non-dividend-paying stock is $19 and the price of a 3-month European call
option on the stock with a strike price of $20 is $1. The risk-free rate is 4% per annum.
What is the price of a 3-month European put option with a strike price of $20?

Explain why the arguments leading to put-call parity for European options cannot be
used to give a similar result for American options.

What is a lower bound for the price of a 6-month call option on a non-dividend-paying
stock when the stock price is $80, the strike pnce is $75, and the risk-free interest rate is
10% per annum"

What is-a lower bound for the price of a 2- month European put option on a non-

_dividend-paying stock when the stock price is $58, the stnke price is $65 and the risk-free

interest rate is 5% per annum?

A 4-month European call option on a dividend-paying stock is currently selling for $5.
The stock price is $64, the strike price is $60, and a dividend of $0.80 is expected in
1 month. The risk-free interest rate is 12% ‘per annum for all maturities. What opportun-
ities are there for an arbitrageur?

A 1-month European put option on a non-dividend-paying stock is currently selling -
for $2.50. The stock price is $47, the strike price is $50, and the risk-free interest rate is
6% per annum. What opportunities are there for an arbitrageur?

Give an intuitive explanation of why the early exercise of an American put becomes more
attractive as the risk-free rate increases and volatility decreases.

The price of a European call that expires in 6 months and has a strike price of $30 is §2.
The underlying stock price is $29, and a dividend of $0.50 is expected in 2 months and
again in 5 months. The term structure is flat, with all risk-free interest rates being 10%.

What is the price of a European put option that expires in 6 months and has a strike price
of §30? '

Explain carefully the arbitrage opportun1t1es in Problem 9.14 if the European put price \
is $3.

The price of an American call on a non-dividend-paying stock is $4. The stock price is
$31, the strike price is $30, and the expiration date is in 3 months. The risk-free interest
rate is 8%. Derive upper and lower bounds for the price of an American put on the same
stock with the same strike price and expiration date.

Explain carefully the arbitrage opportunities in Problem 9.16 if the American put price is
greater than the calculated upper bound.
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9.18,
9.19,

9.2,
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Prove the result in equation (9.4). (Hinz: For the first part of the relationship, consider
(a) a portfolio consisting of ‘a European call plus an amount of cash equal to K,
and (b) a portfolio consisting of an American put optlon plus one share.)

Prove the result in equation (9.8). (Hint: For the first part of the relatlonshlp, consider
(a) a portfolio consisting of a- European call plus an amount of cash equal to D +K;
and (b) a portfolio consisting of an American put option plus one share.) '

‘Consider a 5-year employee stock option on a non-dividend-paying stock. The option can

be exercised at any time after the end of the first year. Unlike a regular exchange-traded
call option, the employee stock option cannot be sold. What is the likely impact of this
restriction on the early-exercise decision?

Use the software DerivaGem to verify that Figures 9.1 and 9 .2 are correct.

Assignment Questions

9.22.

9.23.

9.24.
9.25.

9.26.

A European call option and put option on a stock both have a strike price of $20 and an
expiration date in 3 months. Both sell for $3. The risk-free interest rate is 10% per annum,
the current stock price is $19, and a $1 dividend is expected in 1 month. Identlfy the
arbitrage opportumty open to a trader.

Suppose that c;, ¢z, and c3 are the prices of European call options with strike prices K,
K>, and K3, respectively, where K3 > K; > K| and K3 — K, = K3 — K. All options have
the samé maturity. Show that o '

. ¢y £0.5(c1 + c3)

(Hint: Consider a portfolio that is long one option with strike price K;, long one option
with strike price K3, and short two options with strike price K>.)

What is the result corresponding to that in Problem 9.23 for European put options?

Suppose that you are the manager and sole owner of a highly leveraged company. All the

debt will mature in 1 year. If at that time the value of the company is greater than the face

value of the debt, you will pay off the debt. If the value of the company is less than the

face value of the debt, you will declare bankruptcy and the debt holders will own the

company. '

(a) Express your position as an option on the value of the company.

(b) Express the position of the debt holders in terms of options on the value of the
company.

(c) What can you do to increase the value of your position?

Consider an option on a stock when the stock price is $41, the strike price is $40, the risk-

free rate is 6%, the volatility is 35%, and the time to maturity is | year. Assume that a

dividend of $0.50 is expected after 6 months.

(a) Use DerivaGem to value the option assuming it is a European call.

(b) Use DerivaGem to value the option assuming it is a European put.

(¢) Verify that put—call parity holds.

(d) Explore using DerivaGem what happens to the price of the options as the time to
maturity becomes very large. For this purpose, assume there are no dividends.
Explain the results you get.
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Tradlng Strategies
Involvmg Optlons

The profit pattern from an investment in a single option was-discussed in Chapter 8.
In this chapter we cover more fully the range of profit patterns obtainable using
options. We assume that the underlying asset is a stock. Similar results can be
obtained for other underlying assets, such as foreign currencies, stock indices, and
futures contracts. The options used in the strategies we discuss are European. Amer-
ican options may lead to slightly different outcomes because of the possibility of early
exercise. _

In the first section we consider what happens when a position in a stock option is

- combined with a position in the stock itself. We then move on to examine the profit

patterns obtained when an investment is made in two or more different options on the
same stock. One of the attractions of options is that they can be used to create a wide
range of different payoff functions. (A payoff function is the payoff as a function of the
stock price.) If European options were available with every single possible strike price,
any payoff function could in theory be created.

For ease of exposition the figures and tables showing the profit from a trading

strategy will ignore the time value of money. The profit will be shown as the final

payoff minus the initial cost. (In theory, it should be calculated as the present value of
the final payoff minus the initial cost.)

STRATEGIES INVOLVING A SINGLE OPTION AND A STOCK

There. are a number of different trading strategies involving a single option on a stock
and the stock itself. The profits from these are illustrated in Figure 10.1. In this figure
and in other figures throughout this chapter, the dashed line shows the relationship
between profit and the stock price for the individual securities constituting the
portfolio, whereas the solid line shows the relationship between profit and the stock
price for the whole portfolio. '

In Figure 10.1(a), the portfolio consists of a long position in a stock plus a short
position in a call option. This is known as writing a covered call. The long stock position
“covers” or protects the investor from the payoff on the short call that becomes
necessary if there is a sharp rise in the stock price. In Figure 10.1(b), a short position
in a stock is combined with a long position in a call option. This is the reverse of writing

219
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. Figure 10.1 Profit patterns (a) long position in a stock combined with short position

in a call; (b) short position in a stock combined with long position in a call; (c) long
position in a put combined with long position in a stock; (d) short position in a put
combined with short position in a stock. '
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a covered call. In Figure 10.1(c), the investment strategy involves buying a put option on
a stock and the stock itself. The approach is sometimes referred to as a protective put
strategy. In Figure 10.1(d), a short position in a put option is combined with a short
position in the stock. This is the reverse of a protective put.

The profit patterns in Figures 10.1 have the same general shape as the profit patterns
discussed in Chapter 8 for short put, long put, long call, and short call, respectively.
Put-call parity provides a way of understanding why this is so. From Chapter 9, the
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10.2

‘put—call'parity relationship is , :
pt+Sy=c+Ke+D - 10.1) -

where p is the price of a European put, & is the stock price, ¢ is the price of a European
call, K is the strike price of both call and put, r is the risk-free interest rate, T is the time
to maturity of both call and put, and D is the present value of the dividends anticipated
during the life of the options.

Equation-(10.1) shows that a long position in a put combined with a long position in
the stock is equivalent to a long call position plus a certain amount (= Ke™"" + D) of
cash. This explains why the profit pattern in Figure 10.1(c) is similar to the profit
pattern from a long call position. The position in Figure 10.1(d) is the reverse of that in
Figure 10.1(c) and therefore leads to a profit pattern similar to that from a short call
position.

Equation (10.1) can be rearranged to become

Sp—c=Ke"+D-p

This shows that a long position in a stock combined with a short position in a call is
equivalent to a short put position plus a certain amount (= Ke™" + D) of cash. This
equality explains why the profit pattern in Figure 10.1(a) is similar to the profit
pattern from a short put position. The position in Figure 10.1(b) is the reverse of
that in Figure 10.1(a) and therefore leads to a profit pattern sumlar to that from a
long put position.

SPREADS

A spread trading strategy involves taking a position in two or more options of the same
type (i.e., two or more calls or two or more puts).

Bull Spreads

One of the most popular types of spreads is a bull spread. This can be created by buying
a call option on a stock with a certain strike price and selling a call option on the same

Figure 10.2 Profit from bull spread created using call options.

A Profit
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Table 10.1 Payoff from a bull spread created fusing calls.’

Stock price Payoff from Payoff from Total
range long call option  short call option payoff
Sk 0 0 0
K1<ST<K2 ST—K1 0 ST—Kl
St 2 Ky Sr - Ki - =(Sr - K) Ky - Ky

stock with a higher strike price. Both options have the same expiration date. The
strategy is illustrated in Figure 10.2. The profits from the two option positions taken
separately are shown by the dashed lines. The profit from the whole strategy is the sum
of the profits given by the dashed lines and is indicated by the solid line. Because a call
price always decreases as the strike price increases, the value of the option sold is always
less than the value of the option bought. A bull spread, when created from calls,
therefore requires an