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CHAPTER

FORWARD MARKETS AND CONTRACTS

LEARNING OUTCOMES
After complering shis chapter, you will be able to do the following:

Discuss the differences between the positions held by the long and short parties
to & forward contract.

B Describe the procedures for sentling & forward confract at expiration.

Discuss how a party to a forward contract cen terminate a position prior 1o
expiration and how credit risk is affected by the way in which a position is
terminited.

Explain the difference between o dealer and an end user of & forward contract.
Describe the essential characteristics of equity forward contracts.

Describe the essential characteristics of forward contrscts on 2éro-coupon and
coupon bonds.

Explain the characteristics of the Eurodollar time deposit market,
Define LIBOR and Eunlbor,
Describe the essential characteristics of forward rate agreements (FRAs).

Calculate the payment at expiration of an FRA and explain each of the
component [Enms.

Describe the essential characteristics of curmency forward contracts,
Explain how the price of a forward contract is determined.

Explain how the value of a forward contract is determined at initiation, during
the life of the contract, and at expiration.

Explain why valuation of a forward contract i3 important.

B Define an off-market forward contract and explain how it differs from the more

standard type of forward contract.

Explain how an equity forward contract is priced and valued, given the different
possible patterns of dividend payments, and calculate its price and value.

Explain how a forward contract on a fixed-income security is priced and
valued, and calculate its price and value.

® Explain how an FRA is priced and valued, and calculate its price and value.
B Explain how a forward contract on a currency is priced and valued, and be able

1o calculate its price and value,

Explain how eredit risk arises in & forward contract and how market value is &
measure of the credit sk 1o a party in & forward contract,
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1

INTRODUCTION

R — o s

1.1

DELIVERY AND

SETTLEMEMNT OF A

Forwarp
CoMTRACT

In Chapter |, we gave a general overview of global derivative markets, We identificd those
murkets as forward murkets, futures markels, options markets, and swap markets, The fol-
lowing serics of chapters focuses individually on those markets. We begin with forward
misrkets.

Firat recall oar definiton of & forward contract: A forwand confract (s an agreemens
between fwe parties i which one party, the buyer, agrees to buy from the other party, the
seller, an wnderiving assel or other derivarive, ar a funive dure af a price established ar the
start of the contract. Therefore, 1L 15 a commitment by Uao purlies to cngage in & lransac-
tion at a later date with the price set in advance. The buyer is often called the long and the
seller is often called the short.' Although any two parties can agree on such a contract, in
this book we are interested only in forward contracts that involve large corporutions, fiman-
cial imsttutions, nonprofit organizations, of SoOVErmenls,

Recalling an exumple from Chapier 1, a pension fund manager, anticipating the
receipl of cash at a futere dwte, might enter into o comunitment o purchase a siock ponfo-
lie at a later date at a price agreed on today. By deing so, the manager's position is unaf-
fected by any changes in the value of the stock portfolio between today and the date of the
aciual investment in the stock portfolio. In this sense, the manager is hedged aguinst an
inerease 1 stock prices until the cash s recedved and invested. The disadvantage of such a
transaction is that the muanager is also hedged against any decreases in stock prices. If stock
prives fall between the nme the commitment 5 established and the ume the cash is
received, the manaper will regret having entered into the forward contract because the
stock could have been acquired at a lower price. Bug tiu is the nature of a forward con-
tract hedge: 1t locks in o price.

A amportant feature of a forward contrsct is thal neither parly pays any moeey sl
the stari. In Chapter 9. we shall look at how the paries might require some collateral to
minimize the nsk of defuult, bat for most of this book, we shall ignore this point. 5o keep
in mind this very imponant aspect of forward contracts: No money changes kands af the
stard.

When a forward comract expires, there are two possible arrangements that can be used tw
settle the obligations of the puarties. A deliverable forwurd contract stipulates that the long
will pay the agreed-upon price to the short, who in twrm will deliver the underlying asset
to the long, a process called delivery. An alternative priscedure, called cash settlement,
permils the long and short o pay the net cash value of the position on the delivery date,
For example, suppose two parties agree to a forward contract to deliver a zere-coupon
bond at a price of 398 per 5100 par, At the conlract’s exparation, suppose the underlying
rero-coupon bond is selling at a price of 39825 The long is due to receive from the short
an assef worth $98.25, for which a payment to the short of $98.00 is required. In a cash-
setiled forward contract, the short simply pays the long 5025, If the zero-coupon bond
were selling for 397.50, the long would pay the short $0.50, Delivery of a zero-coupon
bond 15 not o difficult thing to do, however, and cash-settled contracts are more commonly
used in situations where delivery is impractical.” For example, if the underlying is the

! As pointed cut in Chapler | with respect i the word underlving. the derivatives industry often uses nouns,
verbs, ndjeciives, and sdverhs as pans of speech other thun what they ure. Hence, words like fomg and shorr are
s mol as Sdjectives B as nouns.

* Be aware, however, that e chaice of delivery or cash setilement is el an option svailsble at expiration, It is
negolaied betwesn (B pirties al the ste,
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Fussell 3000 Index, the shor would have 1o deliver o the long a portfolio containing each
of the Bussell 30000 stocks proporticnate to its weighting in the index. Consequently, cash
sedllement 15 much more practical. Cash-zenled forward contracts are sometimes called
MNDFs, for mondeliverable forwards, although this term is wsed predominately with
respect o foreign exchange forwards,

An imporant charscteristie of forward contracts is that they are subject (o default, Re-
gardless of whether the contract is for delivery or cash settlement, the potential exists fior
o party to default, In the sero-coupon bond example above, the long might be unable (o
pay the $98 or the short might be unable to buy the zero-coupon bond and make delvery of
the: bomd 10 the long. Generally speaking, however, forwand contracts are structured o that
only the party owing the greater amount can defauli. In other words, if the short is obligated
o deliver o rero-coupon bond selling for more than 3938, then the long wouald not be obligated
to make payment unless the short makes delivery, Likewise, in a cosh settled contract, only
one parly-—ithe one owing the greater amsount-—can default. We discuss the nafre of this
credit rsk in the following section and in Section 5 after we have determined how to valee
forward contracts, We also address the topic of credit nsk in denvative contracts in Chagler 9,

Let us mote thal a forward contract is nearly always constructed with the idea that the par-
ticipanis will hold on to their positions until the contract expires and either engoge in de-
livery of the asset or setle the cash equivalent, az required in the specific contract, The pos-
sibility exists, however, that at least one of the participants might wish to terminate the
position paor o expication. Bor example, suppose a party goes long, meaning that she
agrees to buy the asset at the expiration date at the price apreed on at the start, but she sub-
secquently decides 1o lerminate the contract before expiration. We shall assume that the
contract calls for delivery rather than cash settlement ot expiration.

T see the details of the contract tenminanon, suppose it is part of the way through
the life of the contract, and the long decides that she no longer wishes to buy the psset o
expiration. She can then re-enter the market and create a new forward contract expiring at
the same time as the original forward contract, taking the position of the seller instead,
Because of price changes in the market during the pericd since the original contract was
created, this new contract would likely have a different price at which she would have to
comimit to sell. She would then be long a contract o buy the asset at expiration at one price
and short a contract to sell the asset at expiration at a different price. It should be apparent
that she has no further exposure 1o the price of the asset.

For example, suppose she is long to buy at 340 and short to deliver at 342, Depend-
ing on the charactenstics of the contract, one of several possibilities could occur at expi-
ration. Everything could go as planned—the parly holding the short position of the
contract on which she is long at $40 delivers the asset 1o her, and she pays him $40. She
then delivers the asset io the party who is long the contract on which she 15 short at 342,
That party payvs her $42. She nets 32, The iranzaction is over,

There is always a possibility that her counterparty on the long contract could default
She iz still obligated to deliver the asset on the short contract, for which she will receive
$42. But if her counterparty on the long contract defanlts. she has to buy the asset in the
miarket and could suffer a significant loss, There is also a possibility that the counterparty
on her short contract could fail to pay her the 342, OF course, she would then not delver
the assel bul would be exposed 1o the sk of changes in the aszer’s price. This type of prok-
lem illustrates the credit risk in a forward contract. We shall cover credit sk in more detail
in Section 5 of this chapter and in Chapler 9.

To avoid the credit risk, when she re-enters the market to go short the forward con-
iract, she could contact the same counterparty with wiom she engaged in the long forward
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contract. They could agree to cancel both contracis. Because she would be owed 32 at
expiration, cancellation of the contract would result in the counterparty paying her the
present value of 32, This termination or offset of the original forward position is clearly
desirable for both counterparties because it eliminates the credit risk.” It is always possi-
ble, however, that she might receive a hetter price from another counterparty. If that price
is sufficiently attractive and she does not perceive the credit nisk to be too high, she may
choose 1o deal with the other counterparty and leave the credit risk in the piciure,

2 THE STRUCTURE OF GLOBAL FORWARD MARKETS

The global market for foreard contracts 15 part of a vast network of financial institutions
that miake markeis in these instruments as well as in other related derivatives, such as
swaps and options. Some dealers specialize in cerain markets and contracts, such as for-
ward contracts on the euro or forward contracts on Japanese equity products. These deal-
ers are mainly large global banking institutions, but many large non-banking instilutions,
such as Goldman Sachs and Merrill Lynch, are also hig plavers in this marker.

Drealers engage in transactions with two types of parties: end users and other deal-
ers, An end user is typically a corporation, nonprofit organization, or government,” An end
user is generally a party with a risk management problem that 1= ssarching for a dealer to
provide it with a financial transaction to solve that problem. Although the problem could
simply be that the party wants 1o take a position in anticipation of a market move, more
commonly the end user has a risk it wants to reduce or eliminate,

As an examiple, Hoffman-LaRoche, the large Swiss pharmaceutical company, sells its
products globally. Anticipating the receipt of a large amount of cash in U5, dollars and war-
ried about & decrease in the value of the dollar relative 1o the Swiss franc, it could buy a for-
ward contract to sell the dollar and buy Swiss francs. Tt might seek out a dealer such as RS
Warburg, the investment firm affiliated with the large Swiss bank UBS, or it maght approach
any of the other large multinational hanks with which it does business. Or it might end up deal-
ing with a non-bank entity, like Mermill Lynch. Assume that Hoffman-LaRoche enters mto this
contract with UBS Warbarg, Hoffrman-LaRaoche is the end wser; UBS Warburg is the dealer.

Tramsactions in forward contracts tvpically are conducted over the phone. Each
dealer has a quote desk, whose phone number is well known to the major participants in
the market, If a pamy wishes o conduct & ransaction, it simply phones the dealer for a
quote. The dealer stands ready to take either side of the transaction, quoting a bid and an
ask price or rate. The bid is the price at which the dealer 15 willing to pay for the future
purchase of the asset, and the ask is the price at which the dealer iz willing to sell. When
o denler engages in a forward transaction, it has then taken on risk from the other party.
For example, in the aforementioned transaction of Hoffman-LaRoche and UBS Warburg,
by enlering into the contract, UBS Warburg takes on a risk that Hoffman-LaRoche has
climinated. Specifically, UBS Warburg has now committed to buying dollars and selling
Swias francs at & future date. Thuz, UBS Warburg is effectively long the dollar and stands

' This ststement is made under the assampticn that the parties do not want the credit risk. Credit risk, like
ather risks, bowever, can be & risk that soene panies want bechuse of the poentisl for earnisg aicracive recarns
by uzing their experlize in measuring the actsl credil risk relative i the credit risk s perceived by the market.
In additsan, credit risk offers diversification beneffts. We will discuss these poims more fully in Chapser 9,

* The U5, governeoent does niod ransact in forward confracts o other derivatives. bul scene Foreign
governmenis and ceniral banks do. Within the United Stmes, however, some state and locel govermmenis do
engage in forward contracis and coher derivaties,
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o gain from a srengthening dollar’weakening Swiss frane, Tvpacally dealers do not want
o hold this exposure. Rather, they find another party to offset the exposure with another
derivative or spot transaction, Thus, UBS Warburg is a wholesaler of risk—buying it, sell-
ing it, and trying to earn a profit off the spread between its buying price and selling price.

Ome might reasonably wonder why Heffman-LaRoche could not avoid the cost of
dealing with UBS Warburg. In some cases, it might be able to. It might be aware of another
party with the exact opposite needs, but 2uch a situation is tare. The market for financial
products such as forward contracts is made up of wholesalers of risk management prod-
ucts Who use their technical expertise, their vast network of contacts, and their aceess 1o
criticel finencial market information to provide a more efficient means for end wsers to
engage in such risk management iransaciions,

Dealers such gs UBS Warburg lay off the risk they do not wish to assume by trans-
acting with other dealers and potentially other end wsers, If they do this carefully, guickly,
and at accurale prices, they can earn a profit from this market-making activity. One should
nol gel the impression, however, thal marker making is a highly profitable activity. The
compettion 16 fierce, which keeps bid—ask spreads very low and makes 11 difficult to earn
much money on a given transaction. Indeed, many market makers do not make much
money on individual transactions—they typically make a small amount of money on =ach
iransaction and do a large number of transactions. They may even lose money on sSome
standard transactions, hoping to make up losses on more-complicated, nonstandard trans-
actions, which occur less frequenty but have higher bid-ask spreads.

Rizk magazine conducts annual surveys to identify the top dealers in various demva-
tive products. Exhibit 2-1 presents the results of those surveys for two of the forward prod-
ucts we cover here, currency and interest rate forwards, Interest rate forwards are called
forward rate agreements (FRAS) In the next section, we shall siudy the different types of
forward contracts and note that there are some others not covered in the Risk surveys.

One of these surveys was sent to banks and investment banks that are active dealers in
over-the-counter derivatives, The other survey was sent to end wsers. The tabulations are based
on respondents” simple rankings of wha they think are the best dealers. Although the identities
of the specific dealer firtms are not critical, it is interesting and helpful o be aware of the major
players in these types of contracts. Most of the world's leading global financial institations are
listed, but many other big names ane not. [1 2 also interesting to observe that the perceptions of
the users of these dealer firms” services differ somewhat from the dealers” self-perceptions. Be
wware, however, that the rankings change, sometimes drastically, each year.,

EXHIBIT 2-1  Risk Magazine Surveys of Banks, Investment Banks, and Corporate
End Users to I:Ieierl::!llnt the Top Three Dealers in ll:'.urmm:'p' and
Interest Rate Forwards

Respondents

Currencies  Banks and Investment Banks Corporate End Users
Currency Forwardy
R UBS Warburg Citlgroup

Deutsche Bank Roval Bank of Scotland

JF Morgan Chase JPF Morgan Chase/Bank of America
L UBS Warburg Citigroug

Citigroup Bank of America

TP Morgan Chase JP Morgan Chase/UBS Warburg

e B T BE—
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BNP Parihas

Interent Rate Forwards [FRAS)

S UBS Warburg Eoyal Bank of Somiard
Foyal Bank of Scootland Cihtigroup
Hong Eong Shonghai UES Warburg
| Banking Coeporation
5F UBS Warburg UBS Warburg
Credit Suisse First Boston Citigrowp

Credit Suisse First Boston

3 I Morgan Chase TP Morgan Chase
| Bank of Amcrica Roval Bank of Scotland
Deutsche Bank Bank of America
£ Dentsche Bank Royal Bank of Scotland
Intesa BCI JF Morgan Chase
Roval Bank of Scmland Deutsche Bank
¥ Mizuho Securities Citigroup
IP Morgan Chase Merrill Lynch
BMP Paribas Hong Kong Shanghai
Banking Corporation
£ Royal Bank of Scotland Rooval Bank of Scodland
Commerzhank Bank of AmericaTNG Barings
Dreursclse Bank
SF Credit Suisse First Bosion UBS Warlurg
LBS Warburg Credit Suisse First Boston
Drenische Bank CitigroupING Barings

feoss: § = US diollar, € = euro, ¥ = Japanese yen, £ = UK, poound sierling, SF = Swigs rane,

Semrre: Riik, Seplember 202, ppe 30-67 Tor banks and invesment banking dealer respondemes. and June TA1Z, pp
2434 For end usor respondenis, The end s survey petvides resgonses Trodn cofporations and asssl manegers. The
e resules are fof corponene regporndents only

3 TYPES OF FORWARD CONTRACTS

1.1 Equiry
ForwarDs

In this section, we examine the types of forward contracts that fall within the scope of this
book. By the word “types.” we mean the underlying asset groups on which these forward
contracts are crested, Becanse the CFA Program focuses on the asset management indus-
try, our primary interest 15 inegquany, interest rate and fized-income, and currency forwards.

An equity forward 15 a contract calling for the purchase of an individual siock, a siock
portfolio, or a stock index ar a later date. For the most part, the differences in types of
cquity forward contracts are only shgh, depending on whether the contract is on an
imdividual stock, a portfolio of stocks, or a stock index.

1.1.7  FoewaeD CONTRACTS O INDIVIDUAL STOCKS

Consider an asset manager responsible for the portfolio of a gh-net-worth individual, As
is somelimes the case, such portfolios may be concentrated in a small number of stocks,
sometimes siocks that have been in the family for vears, In many cases, the individual may
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be part of the founding famdly of a particular company. Let us say that the stock is called
Gregorian Industries, Inc., or GI1, and the client is s0 heavily invested in this stock that her
porifolio is oo diversified, The client notfies the portfolio manager of her need for 32 mil-
lion in cash in six months, This cash can be raised by selling 16,000 shares a1 the corment
price of 3125 per share, Thus, the risk exposure concerns the market valoe of 32 million of
stock. For whatever reason, it is considered best not to sell the stock any earlier than nec-
essary, The ponfolio manager realizes that a forward contract to sell GIT in six months will
accomplish the client™s desired objective. The manager contacts a forward contrsct dealer
and obtaing a quote of $128.13 ax the price at which a forward contract to =211 the stock in
six months could be constructed.” In other words, the porfolio manager could enter into a
contract to sell the stock 1o the dealer in six months at $128.13. We assume that this con-
tract is deliverable, meaning that when the sale is actually made, the shares will be deliv-
ered 1o the dealer. Assuming that the client has some flexibility in the amount of money
negded, let us say that the contract is signed for the sale of 15,606 shares ar S128.13, which
will raise 1,998 828, OF course when the contract expires, the stock could be selling for
amy price. The client can gain or lose on the transaction, If the stock rises 10 a price above
S12E.13 during the six-month penod, the chient will =0l have to deliver the stock for
512813, But if the price falls, the client will still ger $128.13 per share for the siock,

112 Fogwarn Costracts s Stock Poatrouos

Because modern portfolio theory and good common sense dictae that investors should
hold diversified portfolios, it is reasonable to assume that forward contracts on specific
stock portfolios would be useful. Suppose a pension fund manager knows that in thres
months ke will need to sell about 320 million of stock o make pavments 1o retirees. The
manager has analyzed the portfolio and determined the precise identities of the stocks he
wants b sell and the number of shares of each that e would like 1o sell, Thus the manzger
has designated a specific subportfolio to be sold. The problem is that the prices of these
stocks in three months are uncertain, The manager can, however, lock in the sale prices by
entering into a forward contrsct o sell the portfolie. This can be done one of wo ways.

The manager can enter into a forward contract on each stock that he wants 1o sell
Alternatively, he can enter into a forward contract on the overall portfolio. The first way
would be more costly, as cach contract would incur sdministrative costs, whersas the sec-
oned way would incur only one set of costs.” Assume that the manager chooses the second
method, He provides a list of the stocks and number of shares of each be wishes o sell o
the dealer and obdaing a quote, The dealer gives him a quote of 20,200,000, So, in three
months, the manager will sell the stock o the dealer and receive $20, 200,000, The trans-
action can be structared 1o call for enther actual delivery or cash settlement, bt in either
case, the client will effectively receive 520,200,000 for the siock.”

* In Section 4, we shall leam hew oo caleulate forward prices such & this ane,

* Ipnosimg those costs, there would be no difference in drang foreard comtraces on individual siecks or a single
foraand coatract an a porifolio. Because of the non-lineanity of thelir paeoffs, this ig ael e for aptions. A
porttnlin of opibone is ol the same 33 an oplion om g portiolio, but 8 pertfolio of forsmrd cootracts is the some
ak & [orwand comitract on 2 porifedio, ignoring the afarementinned crsie,

T, for exnmple, the sock is warth 20,500,060 and the transaction calls for delivery, the manager will transfer
the swescks 1o the dealer and recerve 320, M0, The client effectively mkes an oppormsiny oss of S300,000, IF
the trarsactinn i snacoored as & cash sendement, the clicnt will pay the dealer S%0,000. The client would then
il ke stk i the marke L receiving 32005000060 and netiing 230, 20000060 afier seiling the forsand conbmc
with the dealer. Similarly, if the sock is selling frr less iban the amonnt gusrantecd by the [eraand coagract. the
client witl deliver the stock and preeiae 202000600 o, i the iransaction is cash seitled, the client will sell the
ek in the market and receive a cosh payment from the dealer, making the effecive sale price snll 520,306,000,
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1.1.3 ForwesD CONTRACTE O STOCK [MDICES

Many equity forward contracts are based on a stock index, For example, consider a UK.
asset manager who wants (o protect the value of her porifolio that is 2 Financial Times Stock
Exchange 100 index fund, or who wants 1o eliminate a nsk for which the FTSE 100 Index
is a sufficiently accurate representation of the risk she wishes to eliminate. For example, the
manager may be anticipating the sale of 4 number of UK. blue chip shares at a future date.
The manager could, as in our stock portfolio example, take a specific portfolio of stocks w
a forward contract dealer and obtain a forward contract on that portfolio. She realizes, how-
ever, thal a forward contract on a widely scoepled benchmark would result in a better price
quote, because the dealer can more easily hedge the risk with other rransactions. Maoreover,
the manager 15 nol even sure which stocks she will still be holding at the later date. She sim-
ply knows that she will sell a cerain amount of stock at a later date and believes that the
FTSE 1M} 15 representative of the stock that she will sell. The manager is concerned with
the systematic risk associated with the UK., stock market, and accordingly, she decides that
selling a forward contract on the FTSE 100 would be a good way o manage the risk,

Assume that the porfolio manager decides o protect £15,000.000 of stock. The
dealer quotes a price of £6,000 on a forward coniract covering £15,000,000, We assume
that the contract will be cash settled because such index contracts are nearly always done
that way. When the contract expiration date arnves, ket us say that the index is at £5,925—
o decrease of 1.25 percent from the forward price. Because the manager is short the con-
tract and is prce wenl down, the transaction makes money. But how much did it make on
a notional principal of £1:5,000, 0007

The index declined by 1.25 percent. Thus, the transaction should make Q0125 =
£15,000,000 = £187,500, In ciher words, the dealer would have 1o pay £1587.500 in cash.
If the portfolio were a FTSE 100 index fund, then it wonld be viewed as a portfolio ini-
tally worth £15,000,000 that declined by 1.25 percent, a loss of £187.50. The forward
contract offsets this loss. OF course, in reality, the porifolio is not an index fund and such
i hedge is not perfect, but as noted above, there are sometimes reasons for preferring that
the forward contract be based on an index,

J0.4  Tue Errect oF DIVIDEMDS

It 15 important to note the effect of dividends in equity forward contracts. Any equity portfio-
lio nearly always has an least a few stocks that pay dividends, and it 1s inconceivable that any
well-known equity index would not have some component stocks that pay dividemds, Equity
forward contracts typically have payoffs based only on the price of the equity, value of the
portfolio, or level of the index. They do not ordinarily pay off any dividends paid by the com-
ponent stocks, An exception, however, 15 that some egquity forwards on stock indices are
based on tofal retum indices. For example, there are two versions of the well-known S&P
SO0 Index, One represents only the market value of the stocks. The other, called the S&P 500
Total Beturn Index, is structured =0 that daily dividends paid by the siocks are reinvested in
additional units of the index, a5 hough it were a pontfolio. In this manner, the rate of retum
on the index, and the payoff of any forwerd contract based on it, reflects the payment and
reinvestment of dividends into the underlying index. Although this feature might appear
attractive, it is not necessarily of much impontance in risk management problems, The vari-
ability of prices is 20 much greater than the vanability of dividends that managing price risk
is considered much more important than worrying about the uncertainty of dividends.

I summmary, equily forwards can be based on individual stocks, specific stock port-
folios, or stock indices. Moreover, these underlying equities often pay dividends, which
can affect forward contracts on equities. Lel us now look at bond and interest rate forward
comlracts,
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3.2 Bowp AND
INTEREST RATE
FORWARD
CONTRACTS

Forward contracts on honds are similar to forward contrects on inlerest rates, but the two
are different instruments, Forward contracts on bonds, in fact, are no more difficult to un-
derstand than those on equities. Drawing on our experience of Section 3.1, we simply ex-
tend the notion of & forward contract on an individoal stock, a specific stock portfolio, or
a stock index to that of a forward contract on an individual bond, a specific bond portfio-
lio, or a bond index.”

3127 ForwsarD CosTracTs Ox [MDvipua Bosns anp Bono Portrouas

Although a forward contract on a bond and one on a stock are similar, some basic differ-
ences nonctheless exist between the two. For example, the bond may pay a coupon, which
corresponds somewhat to the dividend that a stock might pay. But unlike a stock, a bond
mutures, and a forward contract on a bond must expire prior (o the bond’s maturity date. In
addition, bonds often have many special features such as calls and convertibility, Finally, we
should mote that unlike a siock, a bond carries the risk of default. A forward contract wnt-
ten on & bond must contain a provision to recognize hivw default is defined, what it means
for the bond o default, and how default would affect the parties to the contract.

I addition to foreard contracts on individual Bonds, there are also forwand contracts
on portfolios of bonds as well as on bond indices. The technical distinctions between
forward contracts on individual bonds and collections of bonds, however, are relatively
IMANLT.
The primary bonds for which we shall consider forward contracts are defauli-free
rero-coupon bonds, typically called Treasury bills or T-bills in the United States, which
serve as a proxy for the risk-free rate.” In a foreard contract on a T-hill, one party agrees
tor buy the T-bill at a later date, prior o the hill's maturity, at a price agreed on today.
T-hills are typically sold at a discount from par value and the price iz quoted in ferms of
the discount rate. Thus, if a 180-day T-hill is selling at a discount of 4 percent, its price per
%1 par will be 31 — 0.0 180/360) = $0.98. The use of 360 days is the convention in cal-
culating the dizcount, 5o the bill will sell for $0.98. If purchased and held to maturity, ot
will pay off 1. This procedure means that the interest 12 deducted from the face value in
advance, which iz called discount Interest.

The T-hill 15 usually traded by quoting the discount rate, not the price. It is under-
stood that the discount rate can be easily converted to the price by the above procedure. A
forward contract might be constructed that would call for delivery of & 90-day T-bill in &0
days, Such a contract might sell for $0.9895, which would imply a discount rate of 4.2 per-
cent because 51 — (L042(%05360) = 50,9895, Later in this chapter, we shall zee how for-
ward prices of T-bills are derived.

[n addition to forward contracts on zero-coupon bonds/T-kills, we shall consider
forward contracts on default-free coupon-bearing bonds, also called Treasury bonds in the
United States. These instruments pay interest, typically in semiannual installments, and
can sell for more (less) than par value if the vield is lower (higher) than the coupon rate.
Prices are typically quoted withouwt the interest that has accrued since the last coupon date,
but with a few exceptions, we shall always work with the full price—that is, the price
including seereed imerest. Prices are often quoted by stating the yield, Forward contracts

1t may be useful to review Chapbers | and 3 of Fired fncame Anclvsis for the Chartéred Finaneial Amaln
Program by Frank ), Fabozzl, Mew Hope, PA: Prank . Foboezi Associales { D0,

¥ A gooernment-issoed pero-coupon band is typecally wsed as 4 proxy Tor & risk-fres ssel because it is
assmmed i be free of deflolt risk. i con be purchased and held to maturity, thereby eliminating any market
valse risk. and it has no reinvestment fisk because i his po coupons, 1f the bond is liquidsied before maiurity,
orwever, soene markel vaboe risk exists in addition 1o the risk associsted wilh reanvesting the market price,
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call for delivery of such a hond at a date prior to the bond's maturity, for which the short
pays the long the agreed-upon price.

122 ForwarD CONTRACTS Of INTEREST RaTEs: FORWARD RATE AGREEMENTS

8o far in Section 3.2 we have discussed forward confracts on aciual fixed-income securi-
tizs. Fixed-incomie secunity prices are driven by inferest rates. A more commaon type of for-
ward contract is the interest rate forward contract, more commonly called a forward rate
apreement or FRA. Before we can begin to understand FRAs, however, we must exam-
ine the instrumenis on which they are hased.

There 15 a large global marker for time deposits in various currencies issued by large
creditworthy banks. This market is primarily centered in London but also exists elsewhere,
though ot in the United States. The primary time deposit instrument is called the
Eurcdollar, which 1z a dollar deposited outzide the Unites States. Banks borrow dollars
from other banks by issuing Eurodollar time deposits, which are essentially shor-term
wnsecured loans. In Loadon, the rate on such dollar loans is called the London Interbank
Rate. Although there are rates for both borrowing and lending, in the financial markets the
lending rate, called the London Interbank Offer Rate or LIBOR, is more commonly
used in derivative contracts, LIBOR is the rate at which London banks lend dollars 1o other
London banks. Even though it represents a loan outside of the United States, LIBOR is
considered to be the best representative rate on & dollar hormowed by a private, ic., non-
governmental, high-guality borrower. It should be noted, however, that the London market
includes many branches of banks from outside the United Kingdom, and these banks are
also active participants in the Buradollar marker.

A Eurcdollar time deposit is structured as follows. Let us say a London bank sech
as MarWest needs to borrow 510 million for 30 days. It obtains a guote from the Roval
Bank of Scotland for a rate of 525 percent, Thus, 30-day LIBOR is 525 percent, If
MatWest takes the deal, it will owe 510,000,000 = [1 + 0.05325030/360)] = S10,043,750
in 30 days, Mote thay, like the Treasury ball market, the convention in the Eurodollar mar-
ket is to prorate the quoted interest rate over 360 days, In contrast 1o the Treasury ball mmar-
ket, the interest is nod deducted from the principal. Rather, it is added on to the face valoe,
a procedure appropriately called add-on interest, The market for Burodollar time deposits
is quite large, and the rates on these instroments are assembled by a central organization
and quoted in financial newspapers. The British Bankers Association publishes a semi-
official Eurodollar rate, compaled from an average of the quotes of London banks,

The 1.5, dollar is not the only instrument for which such time deposits exisi
Eurosterling, for example, trades in Tokyo, and Euroven trades in London, You may be
wondering about Eurceuro. Actually, there s no such entity as Euroeuro, at least not by
that name, The Eurodollar instrament described here has nothing fo do with the European
currency known as the euro. Eurodollars, Euroven, Eurosterling, ete. have been around
longer than the eurs currency and, despite the confusion, kave retained their nomenclature.
An analogous insirument does exist, however—a euro-denominated loan in which one
bank borrows euros from another. Trading 1 euros and euro deposits oocurs In maost major
world cities, and iwo similar rates on such euro deposits are commonly quoted. One, called
EuraLIBOE, is compiled in London by the Brinsh Bankers Association, and the other,
called Euribor, is compiled in Frankfurt and published by the European Central Bank.
Euribor 15 more widely used and 1 the rate we shall refer 1o in this book.

Mow let us return to the world of FRAs. FRAs are contracts in which the underyving
15 neither a bond nor a Burodallar or Eunbor deposit but simply an interest paviment made
in dodlars, Euribor, or any other currency at a rate appropriate for that currency. Our pri-
miary focus will be on dollar LIBOR and BEanbor, 3o we shall henceforth adopt the termi-
nology LIBOR to represent dollar LIBOR and Euribor to represent the euro deposil rale.
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Because the mechanics of FRAs are the same for all currencies, for illustrative pur-
poses we shall use LIBOR., Consider an FRA expiring in 90 days for which the underly-
ing 1= 1E0-day LIBOE. Suppose the dealer quotes this imstrument at a rate of 3.5 percent.
Suppose the end user goes long and the dealer goes short. The end user is essentially long
the rate and will benefin if rates increase, The dealer iz essennally short the rate and will
benefit if rates decrease. The contract covers a given notional principal, which we shall
assume is S10 million,

The coniract stipulates that at expiration, the parties identify the rate on new 180-day
LIBOE ume deposits. This rate 15 called 180-day LIBOR. It 15, thus, the underlving rate
on which the contract is based. Suppose that at expiration in 90 days, the rate on 180-day
LIBOR 15 & percent. That & percent mmterest will be paid 130 davs later. Therefore, the pres-
ent value of & Eurodollar time deposit at that point in ime would be

F10,0000, 000
180
1+ 360 )

At expiration, then, the end user, the party going long the FRA in our example, receives
the following payment from the dealer, which is the pany going shoet:

180
006 = 0055 (—)
\ \Fe0/ | = s242m2

1B
o)

If the underlying rate is less than 5.5 percent, the payment 15 calculated based on the differ-
ence berween the 5.5 percent rate and the underlying rate and is paid by the long 1o the shori.
It is imiporiant to naote that even though the comtract expires in 90 days, the rate 15 on a 180-
day LIBOR instrument; therefore, the rate calculation adjusts by the factor 1800360, The fact
that 90 days have elapsed at expiration is not relevant to the calculation of the payoff,

Before presenting the general formula, let us review the calculations in the numera-
tor and denominator. In the numerator, we see that the contract 13 obviously paving the dif-
ference between the actual rate that exists in the market on the contract expiration date and
the agresd-upon rate, adjusted for the fact that the rate applies to a 180-day imstrument,
multiplied by the notional principal. The divisor appears because when Eurodollar rates
are quoted in the market, they are based on the sssumption that the rate applies to an
instrument that accrues interest at that rate with the interest paid a certain number of days
(here 180) later. When participants determine this rate in the London Eurodollar market, it
is understood o apply 1o a Eurodaollar time deposit that begins now and mamres 180 days
later. 5o the interest on an actual Eurodollar deposit would not be paid until 180 days later.
Thus, it is necessary to adjust the FRA payoff to reflect the fact that the rate implies a pay-
ment that would occur 180 days later on a stundard Eurodollar deposit, This adjustment is
easily done by simply discounting the payment at the current LIBOR, which here is 6 per-
cent, prorated over 180 days. These conventions are also followed in the market for FRAs
with other underlying rates.

In general, the FRA payoff formula (from the perspective of the party going long) is

5 10,000,000

{Underlying rate at expiration — Forward contract rate) [ Days in uﬁﬂmg HEJ

Modional principal

Days in underlying ml:)

1 + Underlying rate at ex I'B.tlﬂ]'l(
¥ing p 60
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where forward contract rate represents the rate the two parties agree will be paid and days
in underlying rate refers to the number of days 1o matunicty of the instrument on which the
underlying rate is based.

Ome somewhat confusing feature of FRAS is the fact that they mature in a certain
number of days and are based on a rate that applies to an instrument maturing in a cértain
number of days measured from the matrity of the FRA. Thus, there are two day figures
associated with each contract. Our example was a 90-day contract on 180-day LIBOR. To
avodd confusion, the FRA markets use a special type of terminology that converts the num-
ber of days to months. Specifically, our example FRA is referred to as a 3 * 9, reflecting
the fact that the contract expires in three months and that six months later, or nine months
from the contract initiafion date, the interest is paid on the wnderying Euwrodollar time
deposit on whose rate the coniract is based,"”

FR.As are available in the market for a vanety of maturities that are considered some-
what standard. Exhibit 2-2 presents the most common maturities. Most dealers follow the
conmvention thet contracts should expire in a given number of exact months and should be
on the most commonly traded Eurodollar rates such as 30-day LIBOR. 60-day LIBOR,
90-day LIBOR, 180-day LIBOR, and so on. If a party wants a contract expiring in 37 days
o 122-day LIBOR, it would be considered an exception to the standard, but most dealers
would be willing to make a market in such an instrument. Such nonstandard nstruments
are called off the rus. OFf course, FRAs are available in all of the leading currencies.

EXHIBIT 2-2 FRA Descriptive Notation and Interpretation

Motation Contract Expires in Linderlying Rate
1=3 1 momth fli-day LIBOR
1= 4 1 month D-day LIBOR
1=7 1 morth 150-day LIBOR
A% A 3 months Oi-day LIBOR
10 3 months 1 B-day LIBOR
A ] i ronths 180-day LIBOR
12 = 18 12 momihs 180-day LIBOR

Mave: This lst is mot exhaustive asd represenis ey the most commoaly raded FRAs.

The FEA market is large, but not as large as the swaps market, [t 13 imporiant, how-
ever, o understand FRAs before trying 1o understand swaps. As we will show in Chapter
5, a swap 1% a special combination of FRA=, But let uz now fum 10 another large forwand
market, the market for currency foraards,

Spurred by the relaxation of government controls over the exchange rates of most major
currencies in the early 1970s, a currency forward marker developed and grew extremely
large. Currency forwards are widely used by banks and corporations to manage foreign ex-

change risk. For example, suppose Microsofl has a BEuropean subsidiary (hal expects to
send it €12 million in three months. When Microsoft receives the ewres, it will then con-

'" The motation *3 % 9" is proncenced “thres by nine.”
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vert them o dollars, Thus, Microsoft is essentially long euros because it will have (o sell
euros, of equivalently, it is short dollars because it will have to buy dollars. A currency [os-
wird contract is especially usefil in this situation, because it enables Microsoft to lock in
the rate at which it will s21] euros and buy dollars in three months. 1t can do this by going
short the forward contract, meaning that it goes short the euro and long the dollar. This
arrangement serves to offset its otherwise long-euro, short-dollar position, In other words,
it meeds a forward contract 1o sell euros and buy dollars.

For example, say Microsoft goes to JP Morgan Chase and asks for a guole on @ cur-
rency forward for €12 million in three months, JP Morgan Chase quotes a rate of 500925,
which would enable Microsoft to sell euros and buy dollars at a mate of 500925 in thres
months, Under this contract, Microsoft would know it could comvert its €12 million o
12,000,000 = 20925 = 511,100,000, The contract would also stpolate shether it will set-
e in cash or will call for Microsoft o actually deliver the eurcs 1o the dealer and be paid
E11,100,00. This simplified example 153 a currency forward hedge, a ransaction we
explore more thoroughly in Chapter 6.

Mo bet us sary that three months later, the spot mate for euros 15 500920, Microsoft iz
quite pleased that i locked in a rate of 30,925, It simply delivers the curos and receives
£11,100,000 at an exchange rate of $0.925."" Had rates risen, however, Microsoft would
still have had to deliver the euros and accept a rate of 50.925.

A few varations of curmency forwand contracts exist, but most of them are somewil
specialized and beyond the objectives of this book. Let us now take a very brief look at a
few other types of forward contriscts.

Although this book focuses pnmanly on the fmamcial derivatives used by assel managers,
we should mention here some of the other tvpes. Commaodity forwards—in which the
underlying asset 15 oil, a precious metal, or some other commodity—are widely used, In
addition, the derivatives industry has created forward contracts and other derivatives on
various sources of eneriry (electricity, gas, e1c.) and even weather, in whach the underlying
i% a measure of the temperature or the amount of dizaster damage from hurricanes, earth-
guakes, or tornados.

Many of these instruments are particularly difficult (o understand, price, and trade.
Momnetheless, through the use of denvatives and indirect investments, such as hedge Tunds,
they can be useful for managing risk and investing in general. They are not, however, the
focus of this book.

In the examples and illustrations used above, we have made reference to cerlain
prices, Determining appropriate prices amd fair values of fmancial mstruments 15 @ central
ohjective of much of the process of asset management. Accordingly, pricing and valuation
occupies a mapor porton of the CFA Program, As such, we turm our attention to tle poc
ing and valuation of forward contracts.

4 PRICING AND VALUATION OF FORWARD CONTRACTS

Before getting inte the actual mechamcs of pricing and valuation, the asmte reader might
wonder whether we are being a bit redundant. Are pricing and valuation not the same thing ¥

" Mad the contree been sirucieeed to senle in cash, the dealer wounld have peid Microsoft 12000000 =
(80925 = E0920) = S60.000, Micrasoft would have converted the euros to Sollars 8 the Curmei spal
exchange rate of $0.%40, receiving 12,000,000 = £20.920 = S5 1,040,000 Adding the 3600000 payment from
the dealer, Microsalt would Bave received 51 1 UED an effsctive rae of $0.025,
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An equity analyst often finds that & stock is priced at more or less than its fair mar-
ket value and uses this conclusion as the basis for a buy or sell recommendation. Tn an
efficient market, the price of a stock would always equal its value or the price would
quickly converge to the value, Thus, for all practical purposes, pricing and valuation would
be the same thing. In general, when we speak of the value and price of an asser, we are
referring to what that asset is worth and what it sells for, With respect to centain derfva-
tives, however, value and price take on slightly different meanings.

S0 let us begin by defining value: Value (5 what vou can sell something for or what vou
muist pay fo acquire something. This applies to stocks, bonds, derivatives, and used cars."
Accordingly, valuation is the process of defermining the value of an asset or service. Pricing
is a related but different concept; let us explore what we mean by pricing a forward contract.

A forward contract price is the fixed price or rate a1 which the transaction scheduled
to peeur ab expiration will take place. This price is agreed to on the contract initiation date
and is commonly called the forward price or forward rate. Pricing means 1o determine
the forward price or forward rate. Valvaiion, however, means to determine the amount of
money that one would need to pay or would expect to receive o engage in the transaction.
Altermatively, 1if one already held a position, valuation would mean to determine the
amount of money one would either have to pay or expect 1o receive in order 1o get oul of
the position. Let us look at a generic example.

Because dervative contracts have findte lives, 1t 15 important to carefully specify the ime
frame in which we are operating. We denote time in the following manner: Today is iden-
tified as time 0. The expiration date 15 tme T. Time t is an arbitrary tme between today
and the expiration. Usually when we refer o “today.” we are referring to the date on which
the contract is created, Later we shall move foreard to time t and tme T, which will then
e “today.”

I |
0 i T
{today) lexpiration)

The price of the underlying asset in the spot market i= denoted as 5 at time 0, 5, at fime
t, and Sq at time T. The forward confract price, established when the contract 13 initated at
time 0, 15 F(0,T). This notetion indicates that F{0,T) is the price of a forward contract initiated
at firme 0 and expiring at time T, The valoe of the foreand contract 1s V(0. T This nedation
indicates that ¥(0.T) is the value at time 0 of a forward contract initiated at time 0 and expir-
img at fime T, In this book, subscripts always mdicate that we are at a specific poant in bme,

We have several objectives 1n this analysis. First, we want o determine the foreard
price F((,T). We also want to determine the forward contract value today, denoted Vo(0,T). the
vilue st a pomnt during the hfe of the contract such as time t, denoted V{0.T), and the value at
expiration, denoted V{0, T). Valuation is somewhat easier 1o grasp from the perspective of the
party helding the long position, so we shall take that point of view in this example. Onee that
value is determined, the value o the shor is obtained by simply changing the sign,

¥ From vour study of equity analysis, yoa shomld recall that we ofien ase 5 discounted cash flow medsl,
sometimes combined with the capital zseet pricing meded, o determine the fabr marker value of a siock

' B carelul, You may think the “value” of a cerlain used car i $5000, but if no ose will give you that price,
it can hardly be calked the valoe.
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If we are at expication, we would observe the spol price as S+, The long holds a posi-
tion to buy the asset at the already apreed-upon price of F0.T). Thus, the value of the for-
ward coniract ab expiration shoald be obvious: S+ — FIO.T), If the value at expiration does
not equal this amount, then an arbitrage profit can be easily made. For example, supposs
the forward price established at the initiation of the contract, F{0.T), is $20. Now at expi-
ration, the spot price, Sy, is 523, The contract value must be 33, If it were more than 33,
then the long would be able to sell the contract to someone for more than $3—someons
wiould be paying the long more than 53 to obtain the obligation of buving a $23 asset for
£20, Obviously, no one would do that. If the value were less than 33, the long would have
to be willing to sell for less than 33 the obligation of buying a 523 asset for 520, Obwi-
ously, the long would not do that, Thus, we state that the value at expiration of a forward
contract established at time O is

Vl0.T) = 57 — FI0.T) (2-1)

Mote that the value of a forward contract can also be interpreted as its profit, the difference
between what the long pays for the underlying asset, F(,T), and what the long receives, the
asset price 5. Of course, we have still not explained how F0.T) 15 determined, but the
above equation gives the value of the contract at expiration, at which time F(O.T) would cer-
tainly be known because it was agreed on at the nitiation date of the contract.

Mow let us back up 1o the time when the contract was originated, Conzsider a con-
tract that expires in one year. Suppose that the underiving asset is worth 5100 and that the
forward price is 5108, We do not know if 3108 is the correct forward price; we will sim-
ply try it and see,

Suppose we buy the asset for 3100 and =ell the forward contract for 3108, We hold
the position until expiration. We assume that there are no direct costs associated with buy-
ing of holding the asset, but we must recognize that we lose interest on the 51080 tied up in
the asset. Assume that the mterest rate 15 5 percent.

Recall that no money changes hands at the start with a forward contract. Conse-
quenthy, the 5100 invested in the asset 15 the full outlay. At the end of the year, the forward
contract expires and we deliver the asset, receiving 3108 for it—not bad at all. Ata 5 per-
cent interest rate, we lose only 55 in interest on the 5100 ted up in the asset, We recerve
$108 for the asset regardless of its price at expiration. We can view 3108 — 3105 = 83 as
a nisk-free profit, which more than covered the cost. In fact, if we had also bormowed the
FI00 at 5 percent, we could have done this transaction without putting up any money of
our own. We would have more than covered the interest on the borrowed funds and netted
a 53 risk-free profit. This profit is essentially free money—ihere is no cost and no risk,
Thus, it 15 an arbitrage profit, a concept we introduced in Chapter 1 and a dominant theme
throughout this book. We would certainly want (o execute any transaction that would gen-
erate an arbitrage profit.

In the market, the forces of arbitrage would then prevail. Other market participants
would execute this transaction as well, Although it 15 possible that the spol price would
hear some of the adjustment, in this book we shall always let the derivative price make the
full adjustment. Consequently, the derivative price would have to come down to 3105,

If the forward price were below 3103, we could also eam an arhitrage profit,
although it would be a little more difficult because the asset would have o be sold short.
Suppose the forward price iz 3103, If the asset were a financial asset, we could hormow it
and sell it short. We would receive 3100 for it and imvest that 3100 at the 5 percent rate.
We would simulianeously buy a forward contract. At expiration, we would take delivery
of the asset paying $103 and then deliver it to the party from whom we bormowed it The
short position is mow covered, and we still have the 3100 invested plus 5 percent inferest
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of it This ransaction offers a clear arbitrage profic of $2. Again, the forces of arbitrage
would cause other market participants to undertake the transaction, which would push the
forward price up to 5105,

If short selling is not permitted, too difficult, or too costly, a market participant whao
already owns the asset conld sell it, invest the S100 at 5 percent, and buy a forward con-
tract. At expiration, he would pay 5103 and take delivery on the forward contract, which
would return him o his original position of owning the asset, He would now, however,
receive not only the stock but also 5 percent interest on 3100, Again, the forces of arbitrage
would make this transaction attractive 1o other parties who held the asset, provided they
could afford to part with it for the necessary period of time, '

Ciping back o the siteation in which the foreasd contract price was 103, an arbi-
trage profit could, however, be eliminated if the party going long the forward contract were
required o pay some money up front, For example, suppose the party going long the fior-
ward contract paid the party going shorl $1.9048, Then the party going long would lose
51,9048 plus interest on this amount. Motice that 519048 compounded at 5 percent inter-
esl equals precisely $2, which not surprisingly is the amount of the arbitrage profit.

Thus, if the forward price were 5103, the value of the contract would be $1.9048.
With T = 1, thiz value equals

VoD, T) = Vg(0,1) = $100 = $103/1.05 = $1.9048

Therefore, 1o enter o this contract at this forward price, one pafy must pay another.
Because the value is positive, it must be paid by the party going long the foreard contract
i the pary going short. Parties going long must pay positive values; pamies going short
pay negative values."

IF the forward price were 5108, the value would be

Vol T) = 5100 — $108/1.05 = -52.8571

In this case, the valoe is negative and would have 1o be paid from the short o the long.
Doing so would eliminate the arbitrage profit that the short would have otherwize been
able to make, given the forward price of 3105,

Arbitrage profits can be eliminated with an uwp-front payment from long to short or
vice versa thal is consistent with the forward price the parties select. The parties could sim-
ply negotiate a forward price, and any resulting market value could be paid from one party
i the other. I1 is customary, however, in the forwand market for the initial value o be set
fo zere. This convention eliminates the necessity of either party making a payvment to the
other and resulis in a direct and simple determination of the forward price. Specifically,
setting Vo0, T) = 0 and letting r represent the interest rate,

Vol T) = 8, — FOTW1 + 1) = 0

which means that Fi0,T) = S55{1 + ). In our example, F0,T) = 5100(1.05) = 5105, which
is the forward price that eliminates the arhitrage profit.

" In nther waords, & party holding the asset must be willing 1o part with is for the length of time i would take
for the fonces of arbirage 1o brisg U price beck in line, thereby allowing the party 1o caprane the riak-free
profit and retusm the parly 1o iks original siate of holding the asset. The period of time required for the prics 1o
adjest should ke very short If the market i relatbvely efficient,

¥ For example, when & slock is purchased, its value, which is always positive, i paid from 15e loog 1o e
short. This is woe for eny asset
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Our forward price formula can be interpreted as saying that the forward price is the
spot price compounded at the risk-frée interest rate. In our example. we had an annual
interest rate of r and one year to expiration. With today being time 0 and expiration being
time T, the time T = 0 = T is the number of years 1o expiration of the forward contract,
Then we more generally write the forward price as

FIO.T) = 8yl + )7 (2-2)

Again, this resull is consistent with the custom that no money changes hands at the start of
a forward confract, meaning that the valee of a forward contract at 11z 3tarl 15 zero,

Exhibit 2-3 summarizes the process of pricing a foreard contract. At time 0, we buy
the asset and sell a forward contract for o wtal outlay of the spot price of the asset, ™ Over
the life of the contract, we hold the asset and forgo interest on the money. At expiration,
we deliver the asset and receive the forward price for a pavoell of F(O,T). The overall trans-
action is risk free and equivalent to investing the spot price of the asset in a risk-free bond
that pavs FOOLT) an ume T, Therelore, the pavoll at T muest be the futere value of the spod
price invested at the risk-free rate. This equality can be tree only if the forward price is the
spol price compounsded al the risk-free rate over the life of the assel,

EXHIBIT 2-3 Pricing a Forward Contract

Buy asset at 5

Sell forward contract |

Hold asset amd Dazliver asset

lose inberest on

at F{(LT) Receive FO.T)
Cutlay: 5y
0 T

The tramsnction is risk free and should be equivalent to investing 5o dollars in u risk-
free assel that ey FOLT) at trme T, Thuos, the amount received at T must be the
furure valwe of the initial outlay invesied at the risk-free rate. For this equality o
bk, the forwand price must be given as

5 FiDL T m 5] 41"

Example: The spot price is 57250, the nsk-free race is 8.25 percent, and 1he contract
is for five years. The forward price would be

Fi0,T) = Fi0,5) = 72,501 0825)" = 107.76

A contract in which the inital value iz intentionally se1 a1 a nonzero valee is called an
off-market FRA. In such a contract, the forward price is set arbitrarnly in the process of
negotiation berween the two paries, Given the chosen forward price, the contract will have
a nonzers value, As noted above, if the value is positive, the long pays that amount up front
to the shor IF it is negative, the short pays that amount up front 1o the long. Although off-
market FRAS are not commaon, we shall use them in Chapter 5 when studying swaps.

Mow suppose we ane al & time 1, which iz a point during the life of the contract. We may
want to know the valee of the forward contract for several reasons. For one, 1t makes good

" Rememker thai in o forsard contract, neither party pays anyibing for the foreard comtract ai the stan.
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husiness sense o know the monetary value of an obligation to do something at a later date,
Also, aecounting rules require that a company mark its dervatives o their current market val-
wes and report the effects of those values m mncome staterments and balance sheets, In addation,
the market value can be used 2= a gauge of the credit exposure. Finally, the market value can
be used to determine how much money one parly can pay the other to lemmnate the contrct,
Let us start by assuming that we established a long forward contract at time @ at the
price 0T} OF course, 1ts value at ome O was zere. Bul mow 11 15 tme 1, and we wani 1o
know its new value, W0, Ty Let us consider what it means to hold the position of being long
at time § & forward confract established at time 0wt the price FO.T) and expinng s tme T:

We will have re pay FIOT) dollars ar T,
W will receive the underlving asser, which will be worth 85, ar T.

Al least part of the value will clearly be the present value of a payment of FO.T), or in
other words, —F(0,TW(1 + r)' " The other part of the contract value comes from the fact
that we have a claim on the asser’s value at T. We do not know what 5 (the asset value at
Ty will be, but we do know that the market tells us 1ts present vales 15 5, the curment assel
price. By definition, an asset’s valwe today is the present value of its future value."” Thus
we can easily value our forward contract at time t duning the bfe of the contract:

V0T =5 — FOTwW + 07" (2-3)

Consider our earfier example in which we entered into a one-year forward contract
to by the asser at S103, Now assume it is three months later and the price of the asset is
102, With t = .25 and T = 1, the value of the contract would be

VAT = Vagd 1) = $102 — 510541.05)" 7 = $0.7728

Again, why is this the value? The contract provides the long with a clim on the assel @l
expiration. That claim iz currently worth the current asset value of 3102, That claim also
obligates the long to pay $105 at expiration, which has a present valee of $105/0(1,05)"7 =
S101.2272. Thus, the long position has a valoe of 3102 — 310012272 = 07728,

A noted above, this market value may well affect the income statement and balance
sheet. In addition, it gives an idea of the contract’s credit exposure, a topic we have touched
on and will cover in more detanl 1in Section 5 and in Chaptler 9, Finally, we noted earlier
that & party could re-enter the market and offset the contract by paying the counterparty or
having the counterparty pay him a cash amount. Thiz cash amount 15 the market valee as
calculated here. '

Exhibit 2-4 summarizes how we value a forward contract., If we went long a forward
contract st tme 0 and we are now at time © prior @0 cxpiration, we hold a claim on the asset
ot expiration and are obligated 1o pay the forward price ar expreation. The clam on the
aseet is worth its current price; the obligation to pay the forward price at expiration is
worth the negative of its present valee, Thus, the value of the forward contract 12 the cur-
rent spot price minus the foreard price discounted from expiration back to the present.

7 This statermsent is e for any Type af msen of financial inserement. I always holds by definivion

" If thee market value is positive, the value of the asset exceeds the present value of what the long promises i
pay. Thus, it meakes semse thar the shor musa pay the bang. 11 the marker salue is regacive, then the preseni
value of what ke long promises g pay exceeds the value ol the assol, Them, it makes sense thal the kg mis)
pay the short.
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EXHIBIT 2-4 Valuing a Forward Contract

| R
kl | Went long foraard I; Hobd & claim on asset Receive agset
COnract 8l prsee cumently worth 5 worth 5¢
FILT} — ;
| Uibligated 1o pay | Pay FIDT)
| Chutlay = FioTiar T '
i L T

The value of the forwand comtract 300 most be the value of what it will produce ai T:
VA0 T) = 5, - FIO, Tl + 0™

i Enamgple: A pwo-vear furwand contrect was established with a price of 36225, Now,
it year and & half later (t = 1,5, the spot price is 371.19 and the risk-free rale is 7 per-
cail. The value of the fesward contract Is

VAT = V02 = 7119 - 62250107 = 1 1.0

———

Therefore, we have seen that the forward contract value 15 zero today: the asset price
munus the present value of the forward price at a time prior 10 expiration, and the asset
price minus the forward price at expiration. It may be helpful to note thal in general, we
van always say that the forwand contract value (5 the aset price mines the present valie
af the exercise prive, because given V{0.T) = §, — FOTW1 + o' ™

Ift =0, V0T = V0 T) =5, — FIOTW1 + )" =0
because FIO,T) = S4(1 + 0T

Ift = T, V{0,T} = V40, T) = S — FOTWI + 0" = §; — FO.T)

The formulas for pricing and valuation of a foreard contract are sumumarized in Exhibit 2-5.

EXHIBIT 2-5 Pricing and Valuation Formulas for a Forward Contract

Today = tnme 0

Arhitrary podnd during the contract’s life = time 1

Expiration = thme T

Wabue of a forward comraect ar any iime i
V0, T) = §, — FIO, Tl + o' "

Value of & ferwand comract at expiration (1= Th

VO T) = §; — FOT)

Value of a forward comract at initation (= {);

Vil T) = Sy — FILTW + )"
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Customarily, no money changes hands at initintion 3o ¥io(0,T) is set equal o zero, Thas, J

FIO.T) = Sl + 1)7 i

PRACTICE PROBLEM 1

An investor holds title to an asset worth £125.72, To raise money for an unrelated
purpose, the investor plans to sell the asset in nine months. The investor is concerned
about uncenainty in the price of the asset al that tme. The investor learns about the
advantages of using forward contracts to manage this risk and enters into such a con-
tract 1o 22l the azzet in nine months. The nsk-free interest rate 15 5.625 percent.

A, Derermine the appropriate price the investor could receive in nine months by
means of the forward contract.

B. Suppose the counterparty 1o the forward contract 1= willing to engage in such a
contract at a forward price of €140. Explain what type of transaction the investor
could execute to take advantage of the siuanon, Calculate the rate of returm
(annualized}, and explain why the transaction is atiractive.

C. Suppose the forward contract 1s emterad into at the price you computed in Part A.
Two months later, the price of the asset is €] 18875, The investor would like 1o
evaluate her position with respect 1o any gain or loss scerued on the forward con-
tract. Determine the market value of the forward contract at this point in time
from the perspective of the investor in Part A

D, Determine the value of the forward contract af expiration assuming the contract
1% entered inio at the price you computed in Part & and the price of the underly-
ing asset is €123.50 at expiration. Explain how the investor did on the overall
position of both the asset and the forward contract in terms of the rate of returm.

SOLUTIONS
A T=9/12=075
S = 125.72
r = 005625

FI0,T) = 125.72(1.05625)"™ = 130,99

B. As found in Part A, the forward contract should be selling at €130.99, bt it is
selling for €140, Consequently, it is overpriced—and an overpriced contract
should be sold. Because the investor holds the asset, she will be hedged by sell-
ing the forward comract. Consequently, her asset, worth £125.72 when the for-
ward contract is sold, will be delivered in nine months and she will receive € 140
for it. The rate of return will be

1:10_.]__ _
(125.?2 h=0.1136
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This rsk-free returm of 11.36 percent for nine months is clearly in excess of
the 3623 percent annual rate. In fact, a rate of 11.36 percent for nine months
arinualizes o

(1.1136)'*% = 1 = 0,1543

An annual risk-free rate of 15,43 percent is clearly preferred over the actual risk-
free rate of 5.625 percent. The position is not only hedged but also eams an
arbitrage profit.
C. t= 212
T=t1=%2-212="T12
5 = 1184875
Fi0.T) = 130.99

VAOT) = Vaal0.9712) = 118875 = 130.99/(1.05625)""2 = =80

The contract has a negative value. Note, however, that in this form, the answer
applies o the holder of the long position. This investor 15 short, Thus, the value
to the investor in this problem is positive 8.0,

D. ;= 123.50
V0T) = Viy2(0,9/12) = 123,50 = 130.99 = —7.49

This amount is the valoe to the long. This investor is short, so the value iz a pos-
itive 7.49, The mvestor incurred a loss on the asset of 125,72 = 123.50 = 2.22,
Combined with the gain on the forward contract, the net gain is 749 — 220 =
5.27. A gain of 5.27 on an asset worth 125.72 when the transaction was initisted
represents & return of 3.27/1235.72 = 4,19 percent. When annualized, the rate of
return equals

(1.0419)'2% — | = 0.05625

It should come as no surprise that this number is the annual risk-free rate. The
transdclion was executed at the no-arbitrage forward price of €130.99, Thus, it
would be impossible to earn & return higher or lower than the risk-free rate,

I our examples, there were no cosls or cash flows associated with holding the
underlying assets. In the specific examples below for equity derivatives, fixed-income and
interest rate derivatives, and currency derivatives, we present cases in which cash flows on
the underlying asset will slightly alter our results. We shall ignore any costs of holding
assets, Such costs are primarly associated with commodites, an asset class we do not
address in this book.

Equity forward contracts are priced and valued much like the generic contract described
above, with one impostant additional feature. Many stocks pay dividends, and the effects
of these dividends must be incorporated into the pricing and valuation process. OQur con-
cern 15 with the dividends that occur over the life of the forward contract, but not with those
that may come after the contract ends, Following standard procedure, we assume that these
dividends are known or are a constant percentage of the stock price.
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We begin with the idea of a forward contract on either a single stock, a portfolio of
stocks, or an index in which dividends are 1o be pad during the life of the contract. Using
the time notation that today is time 0, expiration is time T, and there is an arbitrary time t
during its life when we need 10 value the contract, assume that dividends can be paid at
warious times during the life of the contract between t and "

In the exumples that follow, we shall calculate present and future values of this
stream of dividends over the life of the forward contract. Given a series of these dividends
of D, Dy, . . . [y, whose values are known, thal occur at times [, @, . . . L, the present
value will be defined as PV{D,0,T) and computed as
-
e+t

The future value will be defined as FY (D0, T} and computed as

PY(D,O,T) =

]
FV(DOT) =3 Dyl + o'
=1
Recall that the forward price is established by eliminating any opportunity to arbitrage
from establishing a forward contract without making any cash cutlay today, as s customary
with forward contracts. We found that the foreard price is the spot price compounded at the
risk-free interest rate. To include dividends, we adjust our formuola shghitly (o

F(0,T} = [Sp — PVIDOTIL + 07 (2-4)

In other words, we simply subtract the present value of the dividends from the stock price.
Mote that the dividends reduce the forward price, a reflection of the fact that holders of
long positions in forward contracts do not benefit from dividends in companzon o hold-
ers of long positions in the underlying stock.

For example, consider o stock priced a 540, which pays a dividend of 53 in 30 days.
The risk-free rate is 6 percent. A forward contract expiring in six months (T = 0.5) would
have a price of

F(0,T) = F(0,0.5) = [$40 = $3/( 106 *)(1.06)"* = $38.12

If the siock had more than one dividend, we would simply subtract the present value of all

dividends over the life of the contract from the stock price, as in the following example.
The risk-free rate 13 4 percent. The forwand conitract expires in 300 davs and is on a stock

currently priced at 35, which pays quarterly dividends according to the following schedule:

Days to Ex-Dividend Date Dividend
I §0.45
12 L0045
193 §0.45
283 $0.45

¥ Given the way dividends are typacally paid, the right bo the dividend leaves the stock on the ex-dividessd dale,
which is prios s the payment dise. To precisely meorporme this feanme, elther the dividend paymeni date should
be: the ex-dividend date or the dividend should be the present walue o the ex-dividend date of the Evidend w be
paid ar & |mer date, We shall ignore this posm here and assume that it wounld be taken care of in practice.
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The present value of the dividends is found as follows:

PVID,OT) = S0.4501.04) % 4 80,45/ 1,04 12765
+ 3045/ 1.04)" 5 4 80,450 L0 = 61 77

— i, o] b e

1 The time 1w expiration 15 T = 3HW3I65, Therefore, the forward price equals
F0.T) = F0,300/365) = ($35 = $1.7701.04)""* = $34.32

Another approach 1o incorporating the dividends 15 to use the future value of the div-
idends. With this forward contract expiring in 300 days, the first dividend is reinvested for
290 days, the second for 198 days, the third for 107 days, and the fourth for 17 days. Thus,

|! Fvi(D0T) = SD.45[1,D4]1W3“ + 50#5{'_{“]”"‘“"5
+ $0.45(1.04)'7770% L £n85(1.04)' 7 = 51 83

To obtain the forward price, we compound the stock value to expiration and subtract the
future value of the dividends, Thus, the forward poce would be

FIOLTY = 801 + 1" = F¥(D.O.T) {2-5)

This formula will give the same answer as the one using the present value of the dividends,
as shown below:

F(0,3006365) = $35(1.04)"™* — £1.83 = §34.32

An aliernative way o incorporate dividends is to express them as a fixed percentage
of the siock price. The mwre common version of this formulation 15 to assume that the
stock, portfolio, or index pays dividends continaously at a rate of 8°, By specifying the div-
idends in this manner, we are allowing the dividends 1o be uncertain and completely deter-
muned by the stock price at the tme the dividends are being paid. In this case, the stock is
constantly paying a dividend at the rate & In Chaptler 3, we will again discuss how to
incorporate dividends.

Because we pay dividends continuously, for consistency we must also compound the
interest continuously. The continuously compounded equivalent of the discrete risk-free
rate r will be denoted  and is found as r = Ini1 + r).*" The future value of $1 at time T
is exp{r"T). Then the forward price is given as

F(O.T) = (Sge #Ter T (2-6)

The term in purentheses, the stock price discounted at the dividend yield rate, is equivalent
i the stock price minus the present value of the dividends, This valee is then compounded
al e risk-free rute over the life of the contract, just as we have done in the other versions.

* The nesstion “In" mands Tor nsural logarithin. A logarithin is the power to which s base must be raised 1o
equal & given sumber. The base of the ratural logarsihm sysiem is ¢, approcimacedy 271828, With an meresi
rate of r = (106, we would have = Inf |06} = (ROSE, Then ¢ = 106 is called the exponential hancticn
and often writlen as explQU058) = 106, The future value Bsctor is thas expir ). The present malue facior is
lexpir' ] or expd =" L. If ithe persod 15 more or bess than coe year, we also multiply the rase by the sumber of
years of fractive of o year—ikar i, expl —©Th or expir-T)
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Some people attach significance to whether the forward price is higher than the spot
price, It is important 10 note that the forward price shouwld not be interpreted as a forecast
of the future price of the underlying. This misperception is common. [f the forward price
i= higher than the spot price, it merely indicates that the effect of the risk-free rate is greater
than the effect of the dividends. In fact, such is usually the case with equity forwards, Inter-
el rates are usually greater than dividend vields,

As an example, consider a forward contract on France's CAC 40 Index. The index 15
at 5473, the continucusly compounded dividend vield is 1.5 percent, and the continuowsly
compounded risk-free interest rate is 4.625 percent. The contract life is two years. With T
= 1, the contract price is, therefore,

FI0,T) = F{0,2) = (5475 x o~ 001330, 00462320 = gp0g 1]

This specification involving a continuous dividend vield is commonly used when the
underlying is a portfolio or stock index. If a single stock in the portfolio pays a dividend,
then the portfiolio or index can be viewed as paving a dividend. Given the diversity of div-
idend policies and ex-dividend dates, such an assumption is usually considered a réason-
able approximation for stock portfolios or stock indices, but the assumption is not as
appropriate for individual stocks. No general agreement exists on the most appropriate
approach, and you must become comfortable with all of them. To obtain the appropriste
forward price, the most important point (o remember is that one wiy or another, the analy-
sis must incorporate the dividend component of the stock price, portfolio value, or index
level. If the contract is not trading at the cormrect price, then it 15 mispriced and arbitrage,
a3 described in the generic forward contract pricing section, will force an alignment
between the market forward price and the theoretical forward price,

Recall that the value of & forward contract is the asset price minus the forward price
discounted back from the expiration date. Regardless of how the dividend is specified or
even whether the underlying stock, portfolio, or index pays dividends, the valuation for-
mulas for a forward contract on a stock differ only in that the stock price is adjusted by
removing the present value of the remaining dividends:

VDT = §, — PV(D.LT) — FO,TH(I + rjT~" (2-7)

where we now node that the dividends are only those paid afier time t, If we are using con-
tnwous compounding,

V0.T) = S, ¥T™ 1 = R, The ™70 (2-8)

Al the contract initiation date, 1 = 0 and V5{0.T) 15 521 10 zero because no cash changes
hands. At expiration, t = T and no dividends remain, 5o the valuation formula redoces o
S¢ = F0.Th

The formulas for pricing and valuation of equity forward contracts are surmmarized
in Exhibit 2-6,

EXHIBIT 2-6 Pricing and Valuation Formulas for Equity Forward Contracts

Forward price = [Suck E_m-ue = Present valee of dividends over life of contract) =
il +r

ar (Stock preced = (1 + £)7 minus Future vales of dividends over life of contract
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Dscrete dividends over the lfs of the contrsct:
FI0,T) = [8; — PVDAOTINL + 0 ar 51 + 0" = FYD,0.T)
Continuous dividends at the rate 55
FIT) = (Sge~ M7
Value of foraerd contract:
Vi0,T) = §, — PV(DAT) — BOTW1 + 579
ar

'l'rmn = 5#_‘:: T-1 T}H_ﬁ T-10

PRACTICE PROBLEM 2

An asset manager anticipates the receipt of funds in 200 days, which he will use o
purchase & particular stock, The siock he has in mind is currently selling for 362.50
and will pay a $0.75 dividend in 50 days and another $0.75 dividend in 140 days.
The risk-fres rate is 4,2 percent, The manager decides to commit to a future purchase
of the stock by going long a forward contract on the stock.

A, Al what price would the manager commit to purchase the stock in 200 days

through a forward contract?
B. Suppose the manager enters into the contract at the price you found in Part A

Mow, 75 days later, the stock price 15 555,73, Determine the value of the forward
contract at this poini.

C. It is now the expiration day, and the stock price is $58.50, Determine the value
of the farward contract at this Hme.

SOLUTIONS

S, = $62.50
T = 2001365
D, = $0.75, , = 50/365
D, = $0.75, t; = 140/365
r = 0.042

A. First find the present value of the dividends:
$0.75/0(1.042°9% 4 80,75/ 1.042)14%% = 5] 48
Then find the forward price:
Fi0,T) = F(0,200/365) = ($62.50 — $1.48)(1.042)"%%3 = $62.41

B. We must now find the present value of the dividends 75 days after the contract
beging, The first dividend has already besn paid, o it is not relevant. Because only
one remains, the second dividend is now the “first” dividend. It will be paid in
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65 days. Thus, 1; = 1 = 65365 The present value of thiz dividend is
$0.75/01.042)** = 50.74. The other information is

t = 751365
T — t = (200 — 757365 = 125/363
5 = $55.75

The value of the contract 15, therefone,

VADLT) = Visnes(0.2000365) = ($55.75 — $0.74) — $62.41/(1.042)' 57
= —=§6.53

Thus, the contract has a negative valee,
C. 5; = 55850
The value of the contract 15

Vapnaes(0,200M365) = V0, T) = 35850 — B62.4] = —53.91
Thus, the contract expires with a value of negative 53,91,

Forward contracts on fixed-income securities are priced and valued in a virually identical
manner o their equity counterparts. We can use the above formulas if 5, represents the
bond price at tme t and [} represents a coupon paid at tme ¢ We denote B® as a coupon
hond and then use notation to draw attention (o those coupons that muost be included in the
forward contract pricing calculations. We will let B5(T = Y) represent the bond price at
time t, T is the expiration date of the forward contract, Y is the remaining maturity of the
bond on the forward contract expiration, and (T + Y) is the time to maturity of the bond
at the time the forward contract is initiated. Consider a bond with n coupons to occur
before ils maturnty date, Converting car formula for a forward contract on a stock imto that
for & forward contract on a bond and letting CI be the coupon inferest over a specified
period of ume, we have a forward price of

Fi0,T) = [Bp5(T + Y) = PV(CLO.T)(1 + ) (2-9)

where PVICLOT) 1s the present value of the coupon interest over the life of the forward
contract. Altematively, the forward price can be ohbtained as

FO.T) = [By5(T + Y)J(1 +1)" — FV(CL0,T) (2-10)
where FW{CLO.T) is the future value of the coupon interest over the life of the fiorward
contract,

The value of the forwand contract at time 1 would be

V0.T) = BAT + Y) — PV(CLLT) = FOTWMI + ™" 2-11)
at time 1; note that the relevant coupons are only those remaining as of time 1 until expira-

tion of the forward contract, As in the case for stock, this formula will reduce to the appro-
priate values ot time O and at expiration. For example, at expiration, no coupons would

S e —
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remain, T = T, and V(0T = ByHT + Y — HOLT)L At time t = U, the contract 1s being
imifiated and has a zero valee, which leads o the formula for FO,T) above,

Consider a bond with semiannual coupons. The bond has a current maturity of 533
days and payvs four coupons, each six months apart, The next coupon occurs in 37 days,
followed by coupons in 219 days, 401 days, and 583 davs, at which tme the principal is
repaid. Suppose that the bond price, which incledes sccrued interest, is $984.43 for a
% 1,000 par, 4 percent coupen bond, The coupon rate implies that each coupon 1s 3240, The
risk-free interest rate is 5,73 percent. Assume that the forward contract expires in 310 days.
Thus, T=310. T+ Y = 53383, and ¥ = 273, meaning that the bond has 273 dayvs remain-
ing after the forward contract expires, Mate that only the first two coupons occur during
the lite of the forward contract.

The present value of the coupons is

20401057577 + 8200( 1057577 = §39.23
The forward price if the contract is initiated now is
Fio,Th = (%984,45 — $39.23)(1.0575)° "% = 300118

Thus, we assume that we shall be able (o enter into this contract to buy the bond in 310
davs at the price of 39491, 15,

Mow assumse i1 s 15 days later and the new bond price i3 3973.14. Let the risk-free
inlerest rabe now be 6,75 percent. The present value of the remaining coupons 1=

F200 1.D6TS + 22000 1067577 = §39,20
The value of the forward contract is thus
$97304 — 33920 — BO9L 1900675 = —56.28

The contract has gone from a zero videe ot the start 10 o negative value, proimanly as o resolt
of the decrease in the price of the underlying bond.

If the bond 15 4 zero-coupon bondfT=bill, we can perform the same analvsis as above,
bt we simply let the coupons equal zen,

Exhibit 2-7 summarnizes the formulas for the pricing and valuaton of forward con-
tracts on fixed-income securities,

EXHIBIT 2-7  Pricing and Valuation Formulas for Fixed Income
Forward Contracts
r

Forward price = {Bond price — Present value of coupons over life of contract)i] + r)' or
{Bond pricei ] = r}' — Future value of coupois over life of contract

Price of forward contract on bond with coupens CI:
FIOT) = BT + Y) — PYICLOTIN + r"

ar [ByfiT + Yi1 4+ r)" — FYWiCLDT)

Walwe of Forward costract on bond with coupons Cl:

WAOTY = BST + Y — PVICLLT) — FO T + 1"
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PRACTICE PROBLEM 3

An investor purchased a bond when it was ariginally issued with a maturity of five

vears. The bood pays semiannual covpons of 550. It is now 150 davs into the life of

the bond. The investor wanis to sell the bond the day after its fourth coupon, The
first coupon occurs 181 days after issue, the second 365 days, the third 547 days,
and the fourth 730 days. At this point (130 davs into the life of the bond), the price

15 51,010.25, The bond prices guoted here include scoreed interest,

A, Al what price could the owner enter into a forward contract to 221l the bond on
the day after its fourth coupon? MNote that the owner would receive that fourth
coupon, The risk-free rate is currently & percent,

B. Now move forward 365 days. The new risk-free interest rate is 7 percent and the
new price of the bond is $1,025,373, The counterpanty to the forward contract
believes that it has received o gain on the position. Determing the valee of the
forward contract and the gain or loss 1o the counterparty at this time, Note that
we have now introduced a new risk-free rate, because interest rates can obviously
change over the life of the bond and any calculations of the forward contract
value must reflect this fact. The new risk-free rate is used instead of the old rabe
in the valuation formula.

SOLUTIONS

A. First we must find the present value of the four coupons over the life of the for-
wirrd contract, Al the 150th day of the life of the bond, the coupons occur 31 days
from now, 215 days from now, 397 davs from now, and 580 days from now. Keep
in mind that we need consider only the first four coupons because the owner will
sell the bond on the day afier the fourth coupon. The present value of the

COUpONE 1%
iﬁw[m}.‘lm + SSW[].UE]:”HM' - -"rﬁwlf I Imfﬂ?ﬁ'ﬁﬁ -+ ssw[]m]“ﬁ:l"ﬁ.‘ - SIET.H

Because we want the forward contract (o expire one day after the fourth coupon,
it expires in 731 — 150 = 581 davs. Thus, T = 581/365,

Fi0.T) = F(D,581/365) = ($1,010.25 — S187.60)1 1,087 = £529 76

B. Itis now 3635 days later—ihe 51 5th day of the bond's life. There are two coupons
0 goy, one oecurtng in 547 = 515 = 32 days and the other in 730 = 515 = 215
days. The present value of the coupons is now

5041077 + 50010781V = 59775

Tz address the value of the forwand contract and the gain or loss 1o the counterpany,
note that 731 — 515 = 216 days now remain until the contract's expiration. Because
the bondholder would sell the forward contract 1o hedge the future zale poce of the
bond, the bondholder’s counterparty to the forward contract would hold & long posi-
tiom, The value of the forward contract is the curment spot price minus the present
value of the coupons minus the present value of the forward price:

$1,025.375 — §97.75 — $929.76/1.07)71%M5 = g4 15

Because the contract was initated with a zero valus at the start and the counterparty
is long the contract, the vatue of $34.36 represents a gain to the counterparty.
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Mow let us look at the pricing and valuaton of FRAs, Previously we used the noda-
tlons 1 and T 1o represent the time to a given date. The expressions t or T were, respectively,
the number of days to time point t or T, each divided by 365, In the FR.A market, contracts
are created with specific day counts. We will use the letter h to refer to the day on which
the FRA expires and the lettér g to refer to an arbitrary day prior to expiration. Consider
the time line shown below. We shall initiate an FRA on day 0. The FRA expires on day h.
The rate underlying the FRA is the rate on an m-day Eurodollar deposit. Thus, there are h
days from today until the FRA expiration and h + m days until the maturity date of the
Eurodollar instrument on which the FRA rate is based. The date indicated by g will sim-
ply be a date during the life of the FRA at which we want to determine a value for the FRA.

0 g h h+m
(today) [expiration)

Mow let us specify some notation. We let Li(j) represent the rate on a j-duy LIBOR
deposit on an erbitrary day i, which falls somewhere in the above period from 0 to h,
inclusive. Remember that this instrument 15 a j-day loan from one bank to another. For
exumple, the bank borrowing 51 on day i for | days will pay back the amount

frevolss)

in j days.

The rate for m-day LIBOR on day h, La{m), will determine the pavofl of the FRA.
We denote the fixed rate on the FRA as FRA(0.h,m), which stands for the rate on an FRA
established on dey O, expiring on dey h, and based on m-day LIBOR. We shall use & §1
notional principal for the FRA, which means that at expiration its payoff is

ILy(m) = mm.h.mn[i“—]
150
(2-12)

I+ thmn(l)

A0

The numerator is the difference berweesn the underlying LIBOR on the expiration day and
the rate agreed on when the contract was initiated, multiplied by the adjustment factor
/360, Both of these rates are annual rates applied 1o a Eurodollar deposit of m days,
hence, multiplying by m/360 is necessary, The denominator discounts the payoff by the
m-day LIBOR in effect at the time of the payoff. As noted earlier, this adjusiment is nec-
estary because the rates in the numerator apply 1o Eurodollar deposits created on day b and
paying off m days laser, If the notional principal is anything other than $1. we also must
miultiply the above pavolf by the notional principal to determine the actual pavoft.

T derive the formula for pricing an FRA, a specific arbitrage transaction involving
Eurodollars and FRAs is required, We amit the details of this somewhat complex ransac-
tian, but the end result is that the FRA rate is given by the following formula:

h+m
1 = Lgth + m) (—
FRA (0hm) = 360 ] -1 (3:1&] (2-13)
h
| +L¢;.[I1](3m)
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This somewhat awkward-looking formula is actually just tee formula for a LIBOR forward
rate, given e interest payment conventions in the FRA market. The numerator is the
future value of & Eurodollar deposat of h + m days, The denominator is the future value of
a shorter-erm Burodollar deposit of h days. This ratio is 1 plus a rate; subtracting | and
multiplying by 360m annualizes the rate. !

Consider a 3 % 9 FRA, This instrument expires in 90 days and 15 based on 180-day
LIBOR. Thus, the Eurodollar deposit on which the underlying rate is based begins in 50
days and matures in 270 days. Because we are onday 0, h = 90, m = [80, and h + m =
270 Let the current rates be

Lyih) = Ly(90) = 0.056
Loth -+ m) = Lg(270) = (.06

In ciher words, the 9-duy rate is 5.6 percent, and the Z70-day rale is 6 percent.
With h = 90 and m = 180, vsing our formula for the FRA rate, we oblain

3
roo35) | o
FRA(D hm) = FRA{DS 180) = =t = (-]-HE) = (L0611
R
| + 0056 —
[.m.’:}

So to enter into un FRA on day 0, the rate would be 6.11 percent®

As noted, the initial outlay for entering the forward contract is zers, Thus, the initial
value is zero. Later during the life of the contract, its value will rise above or fall below
zero, Now lel us determine the value of an FRA durning s hfe, Specifically, we use the
nedation ¥ ((hh.m} 1o represent the value of an FEA on day g, prior to expiration, which
was established on day 0, expires on dav b, and 15 based on m-day LIBOR, Omitting the
derivation, the value of the FRA will be

i

1+ E'M[Dh,m](—]

1 360

Voi0h,m) = . - —  (2-14)
¢ h—g h4+m-—g
I+ Lyh g,‘l{'jéj I+ Lyh+m—g) 360

This formula looks complicated, but the ideas behind it are actually quite simple. Recall
that wie are at day g. The first term on the right-hand side is the present value of $1 received
at day h. The second term 15 the present value of | plus the FEA rate to be recerved on day
b+ m. the maturity date of the underlying Eurodollar time deposil

Assume that we go bong the FRA, and 1t is 25 davs laer. We need to sssign a value o the
FRA. Fistnote that g = 25, h — g =90 — 25 =65, andh + m — g = %0 + 180 — 25 =
245. In other words, we are 25 diays into the contract, 63 days remain until expirtion. and
245 days remain until the maturity of the Eurodollar deposit on which the underlying LIBOR
is hased. First we need informaton about the new tesm structure. Let

Lyth = g) = Lpslthd) = 0,059
Ly(h + m — g) = Ls(245) = 0.065

' T compare wilh the wreditkimal method of caloslating a foraurd ruie, consider a two-year rabe ol 1 percent
and & one-yeur rete of @ peroend. The foowerd rate is [(1 10F4 1] — 1 = 1101, The sumersor is ike fsure
vabue ol the langer-tern bond, and the dencminator is the fuiure walue of the shomer-term, bond. The ralie & |
plus the rete. We do pol need woannualize in thes example, hecuuse the foreard fie & oo 8 one-year band.

2 1 s warhwhile 1o i om aguin kat this e is the foreand rate in the LIEO®E weos st
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We now vse the formuala for the value of the FEA to obtain

| 1+ ﬂ_ﬂﬁll[%)
Vilh.m) = ¥4(0,90,180) = —— Tes 1 s\ = 0.0026
1+ Dﬂlﬁ‘)[ﬁ}l 1+ U.mﬁ(ﬁ]

Thus, we went long this FRA on day 0, Then 25 days Later, the term siructure changes o
the rates used here and the FRA has a value of $0.0026 per 31 notional principal. IF the
noienad pomcpal 15 any amount oter than 31, we multiply the notional principal by
S0.0026 to obiain the full market value of the FRA,

We surmmarize the FRA formulas in Exhibin 2-8. We have now lpoked at the pricing
and valuation of equity, fized-income, and interest rate forward contracts, One of the most
widely used rypes of forward contracts is the currency forward. The pricing and valuation
of currency forwards is remarkably similar to that of equity forwands,

EXHIBIT 2-8 Pricing and Valuation Formulas for Interest Rate
Forward Contracts (FRAs)

Forward price (rate):

FREAIDR,m) = —

1 + Ladh + ||||fhj-;::n.] 260"
R IF
)

Value of FRA on doy g

. _m
| 14 I'R.’L[Ll.h.m]( 260
Vllhm) = — . .. ] M—

o] e o)

R

PRACTICE PROBLEM 4

A corporate reasuner neads o hedge the risk of the interest rate on a future transac-
e, The risk 1= associoted with the rate on 180-day Eunibor in 30 davs. The relevant
term structure of Euribor is given as follows;

M-day Euribor 575
2 Hday Eunbor 6.1 5%:

A, State the terminclogy uwsed o identify the FRA in which the manager is
interested.

B. Determine the rate that the company would get on an FRA expiring in 30 days
on | B0-day Euribor

——— e — e —
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4.4 Pricinc
AND VALUATION
oF CURRENCY
ForwarD
CONTRACTS

C. Suppose the manager went long this FRA. Now, 20 days later, interest rates have
maoved significantly downward to the following:

10-day Euribor 5.45%
190-day Euribor 5.95%

The manager would like to know where the company stands on this FRA
transaction. Determine the market value of the FRA for a €20 million notional
principal,

D. On the expiration day, 1580-day Buribor i3 5.72 percent. Determine the payment
made o or by the company to settle the FRA contract.

SOLUTIONS

A, This transaction would be identified as a | * 7 FRA.
B. Here the nototon would be b = 3, m = |80 h + m = 210 Then

(210}
I+ 00615 —— ;
FRA(0,h,m) = FRA(0,30,180) = 3607 _ [%‘J - 0.0619
L+ ﬂ.ﬂﬂs(ﬂ)'l ’
360
C.Hereg=20h—g=30—20= 10,h + m — g = 30+ 180 — 20 = 190, The
value of the FRA for a €1 notional principal would be
| | + ﬁ.ﬂﬁlﬂ%\]
Vgllhm) = Vag(0,30,180) = ——— = —(.0011]

1+ ::u.ﬂﬁ.ts{%] 1 + u.us-*jﬁl,r%]

Thus, for a notional principal of €20 million, the wvalue would be
£20,000,0000 —0.0011) = —€22,000,

D. At expiration, the payoll is

‘! I.ED]
~ _ Ml 00572 - 0.0619) e
[Ly(m) FRﬁiﬂh.m]ILEmJ' _ ]{Jﬁu - —(.0023
— 180
|+ Ly m]{ _3_5'3] 1+ u.cmz{ 3 ﬁu.]

For a notional pnncipal of €20 million, the payoff would then be
£ 20,000,000 —0,0023) = —&46,000. Thus, €46,000 would be puid by the company,
because it 1s long and the final rate was lower than the FRA rate.

Foreign currency derivative transactions as well as spot transactions must be handled with
care, The exchange rate can be quoted in terms of units of the domestic currency per unit
of foreign currency, or units of the foreign currency per wnit of the domestic currency. In
this book, we shall always quote exchange rates in terms of units of the domestic currency
per unit of the foreign currency, which is also called a direct quote. This approach is in
keeping with the way in which other underlying assets are quoted. For example, from the
perspective of o U.S. investor, a stock that sells for $50 is quoted in units of the domestic
currency per unit (share) of stock. Likewise, if the euro exchange rate is quoted as 50.90,
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then the eurs sells for 30090 per wnit, which iz cne euro. Altematively, we could quode that
51 sells for 178090 = €1,1111==that 1z, €1.1111 per 51; in thas caze, units of foreign cur-
rency per one unit of domestic currency from the perspective of a LS, imeestor, In fact,
this rype of quote is commonly wsed and is called an indirect quote. Taking that approsch,
however, we would quote the stock price as 10550 = 0,02 shares per §1, a very unusual
and awkward way [0 quote a si0ck price,

By taking the approach of quoting prices in terms of units of the domestic curmency
per unil of foreign currency, we facilitate a companson of currencies and their derivatives
with equitics and their derivatives—a topic we have already covered. For example, we
have previously dizcussed the case of a stock szlling [or 5, which represents umits of the
domestic currency per share of stock, Likewise, we shall treat the currency as having an
exchange rate of 5y, meaning that it 13 selling for 5,5, We also need the forsign inlerest rate,
denoted as ', and the domestic interest rate, denoted as r.™*

Consider the following transactions executed today (time 00, assuming a conilract
expiration date of T

Take 541 + v/} units of the domestic currency and convert it to 141 + )7 units of
the foreign currency,™

Sell a forward contfracy o deliver one unit of the foreign currency ar the rate FIOT)
expiring at time T,

Hold the position until time T. The (1 + r' )" units of foreign currency will accrue inter-
est al the rate 1 and grow 1o one unit of the currency at T as follows:

(ﬁ)r{] =)y =1

Thus, at expiration we shall have one unit of the foreign currency, which is then delivered
i the holder of the long forward contract, who pays the amount F{0,T). This amount was
known at the start of the transaction. Because the risk has been hedged away, the exchange
rafe ab expirstion 15 irelevant, Hence, this transaction is risk-free. Accordingly. the present
value of Fi, T}, found by discounting at the domestic risk-free interest rate, must equal the
indtial outlay of S(1 + 17, Seting these amounts equal and solving for 0, T) gives

Fi0,T) = [“—fpﬂ—]r] i1+n' (2-15)
The term in brackets is the spot exchangee rute discounted by the foreign interest rate. This
term is then compounded at the domestic interest rate 10 the expiration day.™

Fecall that in pricing egquity Torwards, we always reduced the stock price by the pres-
ent value of the dividends and then compounded the resulting value 1o the expiration date.
W can view cumencies in the same way, The stock makes cash payments that happen 1o

* W du mol use 8 waperscript “d” for the domestic rage, becanse in all previous sxamples we kave used rio
denode the brderest rate in the home coantry of the: investor,

M In otker words, if ane unil of the foreign curmency costs S, then 5541 + ' uniis of the domesiic curmency
woukd, therefore, buy 101 + "7 units of the forelgn currency,

¥ It is alws common o see the above Equation 2-15 writien inversely, with the spot mie divided by the domestic
intzrest factor and compounded by the foreign ineerest facoon, Thas sanation would ke appropriate if the spog and
Torwsnd rales were quobed in lerms ol units of ke forsign currency per unil of domeslic curmency {indirect
quoies). &s we mentaned earlier, however, il i easier w think of o curmency os just anccher asset, which mabaraliy
shiaded have e price queded in umis of the domestic clarency per anil af the &861 or forcipn curreny.
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be called dividends; the currency makes cash payments that happen to be called interest.
Although the time pattern of how a stock pays dividends 1= quite different From the time
pattern of how interest accrues, the general idea is the same. After reducing the spot price
of rate by any cash flows over the life of the contract, the resulting value is then com-
pounded ot the risk-free rate o the expiration day.

The formula we have obtained here is simply a vamation of the formula vsed for
other types of forward contracts. [n international financial markeis, however, this formula
has acquired its own name: Interest rate parity (sometimes called covered interest rae
panty ). Il expresses the equivalence, or panty, of spot and forward exchange races, afier
adjusting for differences in the interest rates in the two countnes. One imphication of inler-
=l rile punty s that the foreard rate will exceed (be less than) the spoi rate if the domes-
tic imterest rate exceeds (is less than) the foseign interest rate, With a direct quote, if the
Forward rate exceeds (15 less than) the spot rate, the foreign currency is said to be selling
at a preminm (discount), One should not, on the hasis of this information, eonchede that a
currency selling at o premium is expected (o Increase or one selling at a discount is
expected 1o decrease. A forward premium or discount is merely an implication of the rela-
tonship betwesn interest rates in the teo countries. Maore information would be reguired
o muke any assumptions about the owtleok for the exchange rate,

If the forward rute in the market does not equal the foreard rate given by intenest rate
parity, then an arbitrage transaction can be executed, Indeed. a similar relationship 15 true
for any of the forward rates we have studied. In the foreign exchange markets, however,
this arbitrage transaction has its own name: covered interest arbitrage, 1 the forward rite
in the market 15 higher than the rute given by interest rate parity, then the forward rate is
oo high, When the price of an asset or derivative is too high, it should be sold. Thus, a
trader would 1) sell the forward contract at the market rate, 23 buy 141 + '} units of the
foreign currency, 3) hold the position, earning interest on the currency, and 4) al maturity
of the forward contract deliver the currency and be paid the forward rate. This arbitrage
transaction would earn a return in excess of the domestic nsk-free re wathout any nsk., IF
the forward rate 15 hess than the rate given by the formaula, the trader does the opposite, sell-
ing the forcign currency and buying a forwasd contract, in @ similar manner. The combined
actions of many Iraders underaking this ransaction will bring the forward price in the
market in line with the forward price given by the mosdel,

[ Equation 2-15, both interest rules were annual rates with discrete compounding.
In dealing with equities, we sometimes assume that the dividend payments are made con-
tinvowsly, Simdlarly, we could also assume that interest s compounded continuously. IF
that is the case, let I be the continuously compounded foreign interest rute, defined as
= Inil + '), and as before, et ©° be the continuously compounded domestic interest
rate. Then the forward price is given by the same formula, with appropriately sdjusted
symbols, as we oblained when working with equity derivatives:

FIOT) = (Sge " e’ (2-16)

Mow comsider how we might value a foreign currency forward contract st some point in
time during its life. In fact, we already know how; We simply apply w foreign currency for-
wird contracts what we know about the valuation of equity forwards during the contract’s life.
Recall that the value of an equity foreard is the stock price minus the present vidue of the div-
idends over the remaining life of the contract minus the present value of the forward price over
the remaining life of the contract. An analogows formula for a cumency forwand gives us

5, ~ HOLTy
(1 + T gt

V0.1 = (2-17)
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In other words, we take the current exchange rate at time 1, 5,. discount it by the foreign inter-
st rate over the remaining life of the contract, and subtract the foreard prce discounted by
the domestic inferest rate over the remaining life of the contract. Under the assumpiion that
wie are uEing contmuous compounding and dizcounting, the formula would be

vltﬂl.l.] _ [S.IE‘ 5T “} _ Hﬂ|T]E FIT—) 12‘13}

For example, suppose the domestic cumency 1= the U5, dollar and the foreagn
currency is the Swiss franc. Let the spot exchange rate be 50,5987, the 115, interest rate
be 5.5 percent, and the Swiss mterest rate be 4,75 percent. We assume these mterest rates
are fixed and will not change over the life of the forward contract. We also assume that
these rates are based on annmual compounding and are not quoted as LIBOR-tvpe rates.
Thus, we compound using formulas like (1 + £)F, where T is the number of years and r is
the annual rate.*

Assuming the forward contract has a maturity of |80 days, we have T = 18365,
Ulzing the above formula for the Torward rate, we find that the forward price should be

$0,.5987

(LT = B 3 =
Fi, Ty = F{0,1800365) l{]_l]ﬂ-?ﬁ}lm'“"

Jn.{rﬁj]'““-’"‘“ = 50,6008

Thus, if we entered inio a forward contract, it would call for ws o purchase (if long) or sell
(if short) one Swiss franc in 180 davs at a price of S006008.

Suppose we go long this forward contract. It is now ) days later, or 140 days until
expiration. The spot rate is now 30,65, As assumed above, the interest rates are fixed. With
t = W65 and T — t = 14W365, the value of our long position is

R06500 F0.600E

WL T) = Wynas( 0L 1800365) = (1.0475)#0 - (1.055) "4

= H0.049%

S0 the coniract value iz 30,0499 per Swiss franc. IF the notional principal were mose than
one Swiss franc, we would simply multiply the notional principal by 50,0499,

If we were working with contineously compounded rates, we would have
Inf1.055) = 0.0535 and r'™ = In{1.0475) = 00464, Then the forward price would be
F(0.T) = F0,1800365) = (), §OR7eMAeMHIAE65, OESISOEES o 06008, and the value 40
days later would be V[0, 180VI65) = 065 VMOS0 aoge M9 RIS —
00499, These are the same resulis we obtained working with discrele rales.

Exhibit 2-% summarizes the formulas for pricing and valuation of currency forward
COMIrECs,

EXHIBIT 2-9 Pricing and Valuation Formulas for Currency Forward Contracts

Forward prce (rate) = (Spot poice discoanted by foreign mienest rate) compounded  x
domestic inberes! rate;

Discrede interest; FILT) = [[If—“r']"]“ + 1

Continuous interest; FIOT) = {Spe ™" T3e' "

“If these were LIBCH -siyle rates, the interest would be calculassd using the facinr |+ [RateiDxnysrieog).
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Value of forsard contract:

5
=
Continuous interest; V(0T = [!i,ﬂ"rh':-r":j = BT~ "0

[hscrete interest; ¥, (0,T) =

] _ __FiT)

-
lu + (1 =+ "

MNore: The exchange rate s guoted in unbis of domestic currency per onit of forelen
CUITENCY.

PRACTICE PROBLEM 5

The spot rate for British pounds is 51,76, The U5, risk-free rate is 5.1 percent, amd
the UK. nsk-free rate is 6.2 percent; both are compounded annually. One-vear for-
ward contracis are currently quoted ar a rate of 51,75,

A, [dentify a strategy with which a trader can carn a profit at no risk by engaging in
a forward contract, regandless of her view of the pound’s hikely movemenis.
Carefully describe the transactions the trader would make, Show the rate of
retuen that would be eamed from this tranzaction. Assume the trader’s domestic
currency is U5, dollars.

B. Suppose the trader simply shonts the forwand contract, 1t now one month later.
Assume interest rates are the same, bot the spot rate is now 5172, What is the
gain or loss o the counterparty on the trade?

. Al expiration, the pound is at 531,69, What is the value of the forward contract to
the short at expiration’?

SOLUTIONS
A, The following information s given:

S0 = 5176

r=0.0%1
= 0,062
T=1.0

The forward price should be

51,76
1.062

With the forward contract selling at $1.75, it is slightly overpriced. Thus, the
trader should be able to buy the currency and sell a forward contract to gam a

return in excess of the risk-free rate &l no risk, The specific ransactions are as

follows:

» Take 51.76/1.062) = 51,6573, Use it 1o buy 1/1.062 = £0.9414,

* Sell a forward contract to deliver £1.00 in one year at the price of $1.75.

* Hold the position for one vear, collecting interest at the UK. nsk-free rate of
6.2 percent. The £0.9416 will grow to (0.9416)(1.062) = £1.00.

* A) expiration, deliver the pound and receive 51.75. This {2 a retum of

1.75
1.6573

k1

)'lu.mn = §1.7418

Fi0,T) = (

=1 = [L03559
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| A risk-free return of 5.59 percent is better than the ULS, risk-free rate of 5.1 per- |
cent, a result of the fact that the forward contract is overpriced.

B. We now need the value of the forward contract o the counterpany, who wenl
long at 51.75. The inputs are

t=1/12
5 = 5172
T—t= 1112

Fi0.T) = $1.75
The value of the forward contract to the long is

| ) 1.72 1.75
VDT = {I.{Pﬁ-l]”"” - “_ﬂjl]””’

: which is a loss of 50,0443 to the long and a gain of 30.0443 1o the short.
C. The pound 15 worth 31,69 a1 expiration, Thus, the value o the long is

Vo T) = 169 = .75 = —0.06

and the value o the short is +300.06, Note the minus sign in the equation
YVl Ty = =006, The value 1o the long 15 always the spot value al expiration
minus the original forward price. The short will be required to deliver the foreign
currency and receive 51,75, which 1s 20,06 maore than market valee of the pound,
The contract’s valuwe to the short is thus 30,06, which is the negative of its value
1o the long.

= —0.0443

We have now seen hiw to determine the price and value of eguity, fixed-income and
interest rate, and currency forward contracts, We observed that the price is determined such
that no arbitrage opportunities exist for either the long or the short, We have found that the
valwe of a forward contract is the amount we would pay or receive to enter or exit the con-
tract, Because no maoney changes hands up front, the value of a forward contract when ini-
tiated is zero. The value at expiration is determined by the difference between the spot
price or rale al expiration and the forward contrsct price or rate. The value prior o expira-
tion can alaoe be determined and iz the present value of the claim at expiration.

Determining the value of o forward contract 1s important for several reasons. One,
however, is particularly important: Forward contracts contain the very real possibility that
one of the parties mught default. By knowing the market valus, one can determine the
amount of money at risk if a counterparty defaulis. Let us now look at how credit risk
enters mnto @ forward contract,

5 CREDIT RISK AND FORWARD CONTRACTS

T illustrate how credit risk affects a forward contract, consider the currency foreard con-
tract example we just finished in the previous section. [ concerns a contract that expires
in 180 days in which the long will pay a forward rate of 30,6003 for each Swiss franc o
be received al expiration. Assume that the contract covers 10 million Swiss francs. Let us
look at the problem from the point of view of the kolder of the long position and the credit
risk faced by thiz party.

Assume it is the contract expiration day and the spot rate for Swiss francs is 500632,
The long is due o receive 10 million Swiss francs and pay 305008 per Swiss franc, or
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56,008,000 in total, Mow suppose that perhaps because of bankruptey or insolvency. the
short cannot come up with the 56,200,000 that it would take o purchase the Swiss francs
on the open market at the prevailing spot rate.”” In order to obtain the Swiss francs, the
long would have to buy them in the open market. Doing so would incor an additional cosi
of 56,200,000 — 526 (08,000 = 3192000, which can be viewed as the credit risk at the
point of expiration when the spol rate is 30.62, Mol surprisingly. this amount is also the
market value of the contract at this point.

This risk is an immediate nsk foced o expiration, Prior i expiration, the long faces
a potenitial risk that the short will defaule. IT the long wanted to gauge the potential expo-
sure, he would calculate the current market valug, In the example we used i which the
long is now 40 days into the life of the contract, the market value to the long is S0.0499
per Swiss franc, Hence, the long s exposure would be 100000008 500499, = 5499 (1K),
Although no payments are duge at thiz poing, 5499000 s the market value of the claim on
the pavment at expiration. Using an estimate of the probability that the short would default,
the long can gauge the expecied credit loss from the transaction by multiplying that prob-
ability by 5499000,

The market value of a forward contract reflects the curment value of the clum st expi-
ration, given existing market conditions, 17 the Swizs frane nzes significantly. the market
value will increase along with it, thereby exposing the long 1o the potential for even greater
losses. Many participants in derivatives markets estimate this potential loss by running
sirnulations that atbenypt 1o reflect the potential market value of the contract along with the
probability of the coumterparty defaulting,

W have viewed credit risk from the viewpoint of the long, but what about the shon's
perspective? In the case inowhich we wenl (0 expiraton and the short owed the long the
greater amount, the shor faces no credit risk. In the case prior to expiration in which the
contract’s market value was positive, the value of the luture claim was greater to the long
than o the short, Henee, the shom sall did not face any credin risk.

The short would face credit nisk, however, if circumstances were sech that the value
of the transaction were negative 1o the long, which would make the value to the short pos-
itive. In that case, the scenario discussed previously in this section would apply from the
shodt's perspective.

In Chapter 9, we shall discuss methods of managing the credit risk of various types
of derivatives rransactions. At this point, however, it will be helptul to specifically cxam-
ine one particular method. Let us go back o the long currency forward contract thar had «
market value of 3499000, As it stands at this time. the halder of the long position hus o
claim on the holder of the short position that 15 worth 3499000, Suppose the (wo parties
had agreed when they entered into the transaction that in 40 days, the pany owing the
greater amount to the other would pay the amount owed and the contract would be repriced
at the new forward rate, Mow on the 40th dav, the short would pay the long 3499 (0N,
Recalling that the LLE, interest rate wis 5.5 percent amd the Swiss interest rate was 4,75
percent. the contract, which now has 140 days to go (T = 140¥365), would then be repriced
i the rate

SLAS

10475y (1.055)" "% = $0.6518

Fi0L. Ty = Fi,14365) = [

“"Even if the shon already hodds the Swiss franc, she might be declaring hankrupicy or otherwise anihle o pay
debes much that the forsand concract claim is combaned with the claims of all of ke short's ather creditors,
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Im other words, from this point, the contract has a new rate of 20,6518, The long now
agrees 1o pay 5006518 for the currency from the short in 140 days.

What the two parties have done 15 called marking to market. They have senfled up
the amount owed and marked the contract to its corrent market rate. If the parties agree in
wdvance, a forward contract can be marked 1o market at whatever dates the parties feel are
appropriate. Marking to market keeps one pariy from becoming too deeply indebded to the
miher wathoul paying up, At the dates when the contract is marked 1o marker, the parties
restruciure the contract so that it remains in force but with an updated price.

Forward contracts and swaps are sometimes marked o market 1o mitigate credit risk,
In Chapier 3, we shall examine futures contracts. A distinguishing characieristic of futures
contracts 15 that they are marked 10 marketl every day. In essence, they are forward con-
tracts that are marked o market and repriced daily to reduce the credit nsk.

6 THE ROLE OF FORWARD MARKETS

In thiz chaprer we have discussed many aspects of forward contracts and Torward markers.
We will conclude the chapter {and cach of the following chapters, which cover fulures,
options, and swaps) with a brel discussion of the role that these markets play i our finan-
cial system. Although forward, futures, options, and swap markets serve similar purposes
in our society, each market is unigque. Ctherwise, these markets would consolidate,

Forward markets may well be the least understood of the various derivative markets.
In contrast to their cousins, futures contracts, foreward contracts are a far less visible seg-
ment of the fnancial markets, Both Torwards and funimes serve a similar parpose: They
provide a means in which a party can commil to the future purchase or sale of an asset at
an agreed-upon price, without the necessity of paving any cash until the asset 15 actually
purchased or sold, In contrast 1o Tutures contracts, forward contracts are private (ransac-
tions, permitting the ultimate in customization. As long as a counterparty can be found, a
parly can structure the contract completely o s lking. Futures contracts are standardieed
amnd may not have the exact terms requited by the party. In addition, Tutures contracts, with
their duily marking to market, produce interim cash {Towes that can lead to imperfectiions in
a hedge rransaction designed not i hedge interim events but 1o hedge a specific event at a
target horizon date. Forward markets also provide secrecy and have only a light degree of
regulation. In general, foreard markets serve a specialized chemtele, speaifically large cor-
porations and instinions with specific target daies. underlying assets, and risks that they
wish 1o take or reduce by committing fo a transaction without paying cash at the start.

As Chaprer 5 will make clear, however, forward contracts are just minialure versions
of swaps. A swap can be viewed as a series of foreard coniracis, Swaps are much more
widely vsed than forward contracts, suggesting that parties that have specific nsk man-
agement needs iypically require the equivalent of a series of forward contracts, A swap
contract consolidates a senes of forward contracts into a single instroment at lower cost,

Forward confracts ane the building blocks for constrscting and understanding baoth
swaps and futures. Swaps and futures are more wadely vsed and better known, bui forward
contructs play a valuable role in helping us understand swaps and futures. Moreover, as
nted, for some parties, forward contracis serve specific nesds not met by other derivatives,

In Chapter 3 we shall look at futures contracts. We shall demonstrate how similar
they are o forward contracts, but the differences are important, and some of their benefits
1o apciety are slightly different and less obwvious than those of forwards.
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KEY POINTS
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* The holder of a long forward contract (the “long™) is obligated to take delivery of the

underlving assed and pay the forward price al expiration, The holder of a short for-
ward contract {the “short™) is obligated to deliver the underlying asset and accept
pavment of the forward price al expiration,

At expiration, a forward contract can be terminated by having the short make deliv-
ery of the underlying asset to the long or having the long and short exchonge the
equivadent cash value, If the asset is worth more {dess) than the forward price, the
short {long) pays the long (short) the cash difference between the market price or rate
and the price or rate agreed on in the contract.

A party can termuinate a foreard contract poor 1o expiration by entering inio an oppo-
site transaction with the same or a different counterparmy. Tt is possible 1w leave hath the
original and new fransactions in place, therchy leaving both transactions subject io
credin fsk. of w lave the two ransactions cancel each other, In the latter case, the party
owing the greaier amount pays the markes value to the other party, resulting in the elim-
ination of the remmining credit sk, This elimination can be achieved, however, only if
the counierparty to the second trunsaction is the same counferparty as in the first.

A dealer 15 a financial institution that makes a market in forwerd contracts and other
derivatives. A dealer stands ready o take cither side of & transaction. An end user is
o party that comes (o a dealer needing a transaction, vseally for the purpose of mon-
aging a particular risk.

Equity forward contracts can be written on individual stocks, specific stock portfo-
lios, or stock indices. Equity forsard contract prices and values must ke into
secount the fact that the underlving stock, portfolio, or index could pay dividends.

Forward contracts on bonds can be based on 2ero-coupon bonds or on coupon bonds,
a5 well as ponfolios or indices based on zero-coupon bonds or coupon bonds. £ero-
coupon bonds pay their retum by discounting the face value, often using a 300-day
vear assumption. Foreard contracts on bonds must expire befiore the bond’s malurity.
In addition, a forward contract on a bond can be affected by special features of bonds,
such a= callability and convertibility.,

Eurodallar time deposits are dollar loans made by one bank 1o another, Although the
term “Eurodollars™ refers to dollar-denominated loans, similar loans exist in other
currencies, Euradollar deposits acerue imterest by adding i1 on 1o the principal, using
a 360-day year assumption. The primary Eurodollar rate is called LIBOE.

LIBOR stands for London Interbomk Offer Rate, the rate ot which London banks are
willing to lend 1o other London banks, Eoribor is the rate on a euro time deposit, a
lovams made by banks to olher banks in Frankfurt in which the currency 15 the eura,
An FRA is a forward confract in which one party, the long, agrees 1o pay a fixed infer-
esl payment al & future dote and receive an interest paymend sl @ rate o be determined
ar expiraion. FRAs are described by a special notation. For example, a 3 < 6 FRA
expares o three months; the underlving 15 a Eurodollar deposit that begins in three
maonths and ends three months later, or six months from now,

The payment of an FRA at expiration is based on the net difference between the
underving rate and the agreed-upon rate, adjusted by the pononal poncipal and the
number of days in the instrument on which the underlying rate is based. The payoff
is also discounted, however, 1o reflect the fact that the underlying rate on which the
instrument is based assumes that payment will ocour at a later date,
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» A currency forward contract is a commitment for one party, the long. to buy & cur-

rency ut a fixed price from the other party, the short, at o specific date, The contract
can be settled by actual delivery, or the two parties can choose to settle in cash on the
expiration day.

A forward contract Is priced by assuming that the underlying asset is purchased, a
forward contract is sold, and the position is held wo expiration. Because the sale price
of the usset is locked in as the forwerd price, the transaction is risk free and should
earn the risk-free rate, The forward price is then obtained us the price that guarantees
g return of the risk-free rate. If the forward price is oo high or too low, an arbitrage
profit in the form of a return in excess of the risk-free rate can be eamed. The com-
hined effects of all investors executing arbitrage transactions will force the forward
price to converge to its arbitrage-free level,

The value of & forward contract is determined by the fact that a long forward contract
is 2 claim on the underlying asset and a commitment (o pay the forward price at expi-
ration. The value of a forward contract is, therefore, the current price of the asset less
the present value of the forward price at expiration. Because no money changes hands
at the start, the value of the forward contract today is zero, The value of a forward
contract al expiration is the price of the underlying asset minus the forward price.

Valuation of a foreard contract 1s important Because 17 it makes good business sense
o know the valees of future commitments, 2) accounting rules require that forward
coniracts be accounted for in income statements and balance sheets, 3} the value gives
a good measure of the credit exposure, and 4) the value can be used to determine the
amount of money one party would have to pay another party (o [erminate a position.

An off-marker forward contract is established with a nonzero valwee at the start. The
contract will, therefore, have a positive or negative value and réquire a cash payment
at the start. A positive value is paid by the long to the short; a negative value is paid
by the short to the long. In an off-market forward contract, the forward price will not
equal the price of the underlving asset compounded an the nsk-free rate but rather will
be ser in the process of negotistion between the two parties,

An equity forward contract is priced by 1aking the stock price, subiracting the present
value of the dividends over the life of the contract, and then compounding this
amount at the risk-ree rate o the expiration date of the contract. The present value
of the dividends can be found by assuming the dividends are risk-free and calculat-
ing their present value using the nsk-free rate of interest, Or one can assume that div-
iddends are paid at a constant continuously compounded rate and then discount the
stock price by the exponential function using the contineously compounded dividend
rate. Allernatively, an equity forward can be priced by compounding the stock price
to the cxpiration date and then subtracting the futsre walue of the dividends at the
expiration date. The value of an equity forward contract is the stock price minus the
present value of the dividends minus the present valee of the forward price that will
be paid ar expiration.

To price a fixed-income forward contract, take the bond price, subtract the present
value of the coupons over the life of the contract, and compound this amount at the
risk-free rate to the expiration date of the contract. The valve of a fixed-income for-
ward contract is the bond price minus the present value of the coupons minus the
present value of the forward price that will be paid at expiration.

® The price of an FRA, which is actually a rate, is simply the forward rate embedded

in the term structure of the FRA's underlving rate, The valee of an FRA based on a
Eurodollar deposit is the present valuz of $1 to be received at expiration minus the
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present value of 51 plus the FEA rate o be recetvesd ol the matunity date of the Eurodaol-
lar deposit on which the FRA is based, with appropriate (days/360) adjustmenis.

The price. which is actually an exchange rate, of a forward confract on a currency 15
the spot rate dizcounted at the foreign interest rate over the life of the contract and
then compounded at the domestic interest rate 1o the expiration date of the contract,
The value of a cusrency forward contract is the spot rate discounted at the foreign
interest rate over the life of the contract minus the present value of the forward rale
al expiration,

Credit risk in a foreard contract arises when the counterparty that owes the greater
amouni is unable 1 pay an expiration or declares bankruptey prios 1o expiration, The
market value of a forward contract is 2 measure of the net amount one pary owes the
ather, Only one party, the one owing the lesser amount, faces credin risk al any given
time. Because the market value can change from positive o negative, however, the
other party has the postential for facing credir risk at a later date. Counterparties occa-
sionally mark forward contracts to marked, with one party payiog the other the cur-
rent market value; they then reprice the contract 1o the current market price or rate.

Foreard markets play an imporiant role in society, providing a means by which o select
clhientele of parbes can engage in customdzed, prvate, unregulaed ransactions
commit them to buyving or selling an assed al a later dute ot an agreed-upon price with-
out payving any cash a1 the start, Foreard contracts also are a simplified version of bath
futures and swaps and, therefore, form a hasis for understanding these other dervatives,
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PROBLEMS

« A, Caleulate the price for a T=hill with & face value of 100000, 153 days w maturity,

and a discount yield of 1.74 percent.
B. Calculate the asked discount vield for a T-hill that has 69 days 1o maturity, a face
vilue of 510,000, and a price of 59,950,

. Assume that 60-day LIBOR is 435 percent. You are based in London and need 1o bor-

rovey H200000,000 for 60 days, What is the 1otal amount you will owe in 60 days?

o The weasurer of Company A expects to receive a cash inflow of $15.000,000 in 90

days. The treasurer expects short-term interest rates (o fall during the next 90 days, In

order to hedge aguinst this risk, the treasurer decides to wse an FRA that expires in 90

days and is based on 90-day LIBOR. The FRA is quoted at 5 percent. At expiration,

LIBOR is 4.5 percenl. Assume that the notonal principal on the contract is

B 15,000, 00

A. Indicate whether the treasurer should tuke a long or short position o hedge inter-
el rate sk

B. Using the appropriate terminolosy, identify the type of FRA used here.

C. Calculate the gain or loss o Company A as a consequence of entering the FRA,

. Buppose that a party wanted 1o enter into a FRA that cxpires in 42 days and is based

on |37-day LIBOR. The dealer quotes o rale of 4.75 percent on this FRA. Assume that
il expiration, the [37-day LIBOR is 4 percent and the notional principal is
20,0060, 000,

A, What 15 the term uzed 1o desenbe suech nonstandard instruments?

B. Calculate the FRA payoff on a long position,

o Assume Sun Microsystems expects to receive €20,000.000 in 90 days. A dealer pro-

vides a guote of 30,575 for a currency [orwand contract 1o expire in %) days, Suppose
that at the end of 90 davs, the rate is 300N, Assume that setlement is in cash. Calow-
late the cash flow at expiration if Sun Microsyslems enters into a forward conirse
expiring 11 20 davs w bay dollars ar 00875,

. Consider & security that sells for £1,000 wday. A forward contract on this security that

expires in one year is currently priced st 31,100, The annual rate of interest is 6,75
percent, Assume that this is an off-market forward contract,

AL Calculate the value of the foreard contract today, V0. T

B. Indicate whether payment i= made by the long (o the shon or vice versa,

. Assume that vou own a security currently worth 3300, You plan to sell it in iwo

monihs, To hedge against a possible decline in price during the next two months, you

enter into a forward contract (o sell the secunty in two maonths, The rizk-free rale is

3.5 percent.

A, Calculste the forward price on this contract.

B. Suppose the dealer offers to enmer into a forward contract al 3498, Indicate how
yiou could earn an arbitrage profic

C. Afler one month, the security sells for 5490, Calculie the gain or loss o vour
position.

. Consider an asset currently worth 3100, An investor plans to sell it in one vear and 15

concerned that the price may have fallen sipmficantly by then. To hedge this risk, the

investor epters intp a forward contract to sell the asset in one year. Assume that the

risk-free rate is 5 percent.

A, Calculate the appropriate price at which this investor can contract o sell the asset
N QnE Year.
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10,

11.

B. Three months into the contract, the price of the asset is 590, Calculate the gain or
loss that hus accrued to the forward contrist.

C. Assume that five monihs into the contract, the price of the asset is 5107, Calculate
the guin or loss on the forvward contract,

D. Suppose that of expiration, the price of the asset [s 398, Celoulate the value of the
forward contrect ot expiration. Also indicate the overall gain or loss to the investor
on the whole trunsaciion,

E. Mow caleulate the value of the forward conirect at expiration assuming thet at
expiration, the price of the usset is 5110, Indicate the overall gain or loss to the
imvesior on the whole transaction, [s this amount mone or less than the overall gain
or loss from Part D7

« A security is curmently worth $225, An investor plans to purchase this asset in one year

and iz concerned thit the price may have risen by then, To hedge this risk, the investor

enters into & forward contract to buy the assel in one vear, Assume that the risk-free

rate 15 4,75 percent,

A. Calculate the appropriate price at which this invesior can coniract to buy the assef
In ONE VEar

B. Four months inte the contract, the price of the asset s $250, Calculate the gain or
loss that has accred to the forward coniract.

C. Assume that eight months into the ¢ontract, the price of the asseq 15 3200, Calcu-
late the gain or loss on the foreard contract,

D. Suppose that at expiration, the price of the asset is $190. Calculate the value of the
forward contract al expiration. Alzo indicate the overall gain or loss to the investor
on the whole transaction,

E. Mow calculate the value of the forward confract at expiration assuming that at
expiration, the price of the asser is 3240, Indicate the overall gain or loss 1o the
imvesior on the whole transaction. 15 this amount more or less than the overall gam
or loss from Part [

Agsume that a securily is currently priced an 3200, The rsk-free rate i3 5 percent,

A, A dealer offers you a contract in which the forward price of the secunty with
delivery in three months 15 5205, Explain the transactions vou would undertake o
take advantage of the situation,

B. Supposs the dealer were to offer vou a contract in which the forward price of the
security with delivery in three months is 3198, How would you take advantage of
the sitwation?

Assume that vou own a dividend-paying stock currently worth $150, You plan to sell
the stock in 250 days, In order 10 hedge agunst a possible price decline, you wish o
take @ short position in a forward contract that expires in 2500 days, The risk-free rate
15 5,25 percent. Over the next 250 days, the stock will pay dividends according 1o the
following schedule:

Days to Mext Dividend Dividends per Share
30 ¥1.25
120 $1.25
210 $1.25

A. Calculate the forward price of a contract established today and expiring im 250
days,
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12

13.

14.

B. Itis now 100 days since you entered the forward contract. The stock price is $115.
Calculate the value of the forward contract at this point.

C. At expiration, the price of the stock is §130. Calculate the value of the forward
coniract ai expiration.

A portfolio manager expects to purchase a portfolio of stocks in 90 days. In order to

hedge against a potential price increase over the next 90 days, she decides 1o take a

long position on a 90-day forward contract on the S&P 500 siock index. The index is

currently at 1145, The continvously compounded dividend yield is 1.75 percent. The
discrete risk-free rate is 4.25 percent.

A, Calculate the no-arbitrage forward prce on this contract,

B. It is now 28 days since the portfolio manager entered the forward contract, The
index valwe is at 1225, Calculate the value of the forward contract 28 days into the
contract.

C. Al expiration, the index value is 1235, Calculate the value of the forward contract,

An investor purchased a newly issued bond with a maturity of 10 vears 200 days ago.
The bond carries a coupon rate of & percent paid semiannually and has a face value of
$1,000. The price of the bond with accrued interest is currently 31,146.92. The
invesior plans to sell the bond 365 days from now. The schedule of coupon paymenis
over the first twao vears, from the date of purchase, is as follows:

Coupon Days after Purchase Amount
First 181 Ha0
Second 365 540
Third 347 $40
Fourth T 540

A, Should the investor enter into a long or short forward contract (o hedge his risk
exposure? Calculate the no-arbitrage price at which the investor should enter the
forward contract, Assume that the risk-free rate is 6 percent.

B. The forward contract is now 180 days old. Interest rates have fallen sharply, and
the risk-free rate is 4 percent. The price of the hond with accrued interest is now
$1.302.26, Determing the value of the forward contract now and indicate whetlers
the investor has accrued a gain or loss on s position,

A corporate ireasuner wishes 1o hedge against an increase in future bomowing cosls due

1o it possible rise in short-term interest rates. She proposes to hedge against this risk by
entering into a long & = 12 FRA, The curment term strecture for LIBOR is as follows:

Term Interest Rate

30 day 5.10%

90 day 5.25%
180 day 5. T0¥
360 day 5.05%

A, Indicate when this 6 * 12 FEA expires and identify which term of the LIBOR this
FEMA 15 based on.
B. Calculate the rate the treasurer would receive on a b 2 12 FRA,
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Suppose the reasurer went long this FRA. Now, 45 days later, interest rafes have
risen and the LIBOR term structure i3 as follows:

Term Interest Bate
135 day 5.90%
315 day i 15%

C. Caleulate the market wvalue of this FRA based on a notional principal of
- 5 100,00 00D,
; D, Al expiration, the 180-day LIBOR is 6,25 percent. Calculate the pavoffl on the
i FRA. Daoes the treasurer receive a puyment or make a payment (o the dealer?

15. A financial manager reeds o hedge sgmnst o possible decresse in short fenm imberest
rates, He decides 1o hedge his risk exposure by going short on an FRA that expires in 90
days and is based on 90-day LIROE. The curment term structure for LIBOE 15 a5 follows:

Term Interest Rate
30 day 581%

| uiy day &, 0%

! | B day . 145

| 360 day 6.51%

| A, ldentify the tyvpe of FRA wed by the financial manager vzing the appropriate
| terminalogy.

| B. Calculate the rate the manager would receive on this FRA.

It 1= now 30 dayvs since the manager ook a short posiion in the FRA, Inferest rales
| hawve shifted down, and the new term structure for LIBOR is as follows:

i Tesm Interest Rate
I Al day 5.50%
150k day 5.62%

C. Calculate the market walue of this FRA bosed on a notional principal of
T 15000 00,

16. Consider a U5 -based company that exports gonds to Switzerland. The U.S. company
expects to recerve payvment on @ shipment of goods in three months. Because the pay-
ment will be in Swiss francs, the ULS. company wants o hedge against a decline in
the value of the Swiss franc over the next three months, The U5, nsk-free rate 15 2
percent, and the Swiss nsk-free rate iz 5 percent, Assume thal inlerest rales are
cxpected w remain fixed over the next six months, The curment spot rate is 305974,
A, Indicate whether the ULS. company should use a long or short forward contract o
hedge currency risk.

B. Calculate the no-arbitrage price at which the U5, company could enter into a for-
ward contract that expires in three months.

C. It is now 30 days since the ULS. company entered into the forward contract. The
spot rate 15 30,55, [nterest rafes are the same as before. Calculate the value of the
LIS, company’s forwand position.
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18.
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The ewre currently trades at 510231, The dollar risk-free rate is 4 percent, and the

eurn risk-free rate is 5 percent, Six-month forward contracts are quoted at a rate of

£1.0225. Indicate how vou might cam a risk-free profit by engaging in a forward con-

tract, Chearly outline the steps you undertake o earn this risk-free profit

Suppose that yvou are a U5 -kased imponer of goods from the United Kingdom. You

expect the value of the pound 1o increase against the LS, dollar over the next 30 days.

You will be making payment on a shipment of imported goods in 30 days and want

o hedge vour currency exposure, The ULS, nzk-free rate 132 5.5 percent, and the ULE.

risk-free rate is 4.5 percent. These rates are expected o remain unchanged over the

next month, The current spod rate s 51,50,

AL Indicaie whether vou should use a long or shori forward contract @0 hedge the cur-
rency rizk,

B. Calculate the mo-arhitrage price at which you could enter into a forward contract
that expires in 30 days,

C. Mowve forward 10 days, The spot rate s 51.53. Inderest rates are unchanged. Cal-
culate the value of vour forward position.

Consider the following: The ULE, risk-free rate is 6 percent, the Swiss risk-free rate is

4 percent, and the spot exchange rate between the United Stmes and Switzerland is

SOLGHGT,

A, Calculate the continuously compounded ULS. and Swass nisk-fres rtes.

B. Calculate the price at which you could enter into a forward contract that expires in
0 days.

C. Caleulate the value of the foreard position 25 days into the contract. Assume that
the spot rate 1= #0065,

. The Japanese ven currently trades at $000812. The LLS. risk-free rate is 4.5 percent,

and the Japanese risk-free rate is 2.0 percent. Three-month forward contracts on the
ven are quoted at 3000813, Tndicate how you might eam a risk-free profit by engag-
ing in & foreard contract. Outling your transactions.
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SOLUTIONS 1.

(] ]

10,0000 — Prlce)[
153

A, Dnzcount yield = 0017 . 10000
Price = 3992605

B. Discount vield = {WJ %J' = (L0261

. 320,000,000 [1 + 0.0435(60/360)]) = $20,145,000
. A, Taking a short position will hedge the interest rate risk for Company A. The gain on

the contract will offset the reduced interest rate that can be samed when rates fall.
B. Thisizsa 3 = 6 FRA.

(0045 — D05 S0V3600
1 + 0.045(90/360)
The negative sign indicates a gain 1o the shor position, which Company A holds.
A. These instruments are called off-the-run FRAs.

(004 — 00475501 377360)
| + 0.04(137/360)

L ilﬁ-.ﬂ]'l-,ﬂ{'ﬂ[ ] — 51854141

B. 520,000,000 l J —556,227.43

Because the party 15 long, this amount represents a loss,

. The contract is senled in cash, so the senlement would be €20,000,00000,875 —

(.90 = =35HL000, This amount would be paid by Sun Microsvstems 1o the dealer.
Sun would convert eurns to dollars at the spot rate of 30,90, receiving €20,000, 000 =
(0,90} = S18,000,000. The ret cash receipt is 517,500,000, which resuliz in an effec-
tive rate of $0.875.

= A- S"- = $|~ﬂm
Fi,T) = $1.100
T=1

Wl T = 1,000 = S1,1000 1.06T5) = —530,.44
B. Because the value is negative, the payment 1= made by the short to the long.

. A. Sy = $500

T = 2/12 = 0.1667
r = (035
FI0,T) = $500 > (1.035"'%7 =3502.88
B. 5ell the secunty for $500 and invest at 3.5 percent for two months. At the end of
twin meonths, vou will have $3302.88. Enter into a forward conteact now to buy the
security al 3493 in two months.
Arbitrage profit = 8502 88 — %498 = 34 8§
C. 5 = %400
= 1/12 = 0833
T = 212 = L1GAT
T == 00834
r = (L35
VA0, T) = 549000 — $502.88/1.035)2%3% w —511.44, This represents a gain 1o
the short position.

. A, Sp = 5100

T=1
r=0.05
Fi0,T) = 5100 1.05) = $105
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. §, = %90
t=312 =025
Tl
T=t=075
£ = 0.05

VA0,T) = $90 — $105/(1.05)*™ = =$11.23
The investor is short so this represents a gain.

. 5, =5107

t = 512 = 0.4167

T=1

T=1=05834

r = 005

VA0T) = $107 — $10571,05)"* = 54.95

The investor 15 shorl, 50 this represents a loss wo the short position,

. §, = 308
Fi0,T) = $103
VH0.T) = 598 — $105 = —§7
Crain o shom position = &7
Loss on asset = —52 (based on 3100 — 59€)
Met gain =5

Thiz represents a return of 5 percent on an assel worth 3000, the same as the risk-
free rate.

. B =E110

Fi0,T) = $105

VADTy= 110 — 105 = 55

Loss 1o short position = =53

Gain on asset = %10 (based on 5110 — 3100)

Met gain =35

This represents a return of 5 percent on an asset worth 3100, the same as the rzk-
free rate. The overall gain on the transaction is the same as in Part [ because the
forward contract was executed at the no-arbitrage price of $105,

v 8g = 3225

T=1

r=0.0475

Fi0,Ty = 3225(1.0473) = 5233.60
. 8, =5250

t=4f2 = (3333

T=]

T = t = 0.6667

r= 00475

V(0,T) = $250,00 — $235.60/(1.0475)" 57 = $21.49

The imvestor is long, so a positive value represents a gain.

5, = 5200

L= B12 = 0.6667

T=1

T =1 =0,3333

r= 0.0475

V,(0,T) = $200,00 — $235.60/(1.0475)"7 = =532.07

The investor is long, so this represents a loss to the long position.

. 8 = $190

F(0,T) = §235.69
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11.
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Wl T) = S190.00 — 323560 = — 345,60
Lass to long position = —545.69

Craim on assed = 535,00 (based on $225 — F190)
Met loss = —=%10L.69
. 5 = 5240

F(0,T) = 8235.69

Wl LT = 3240000 — 523569 = 54.31

Ceain io long position = 34,310

Lioss on assel = H15.00 (based on 5240 — 3225

Mot loss = —510.69

This loss is the same as the loss in Part D, In fact, the loss would be the same for
any oher price as well, because the forward contract was executed at the no-
arbitrage price of $235.6%. The loss of 310,69 is the risk-free rate of 4.75 percent
applied o the inital asser price of 5225,

. The no-arbitrage forward price is FIO,T)1 = S2000 1053312 = 5202 45

Because the forward contract offered by the dealer 1s overpriced, sell the forward
comitract and buy the secunty now. Daoing so will yield an arbitrage profit of $2.35.

Borrow 3200 and buy security. Al the end of three months, repay 320245
Al the end of three months, deliver the security for £205.00
Arhitrage profit 11558

< Aba price of $198,040, the contract offered by the dealer 15 underpriced relative to

the no-arbatrage forwoard price of 5202.45. Enter into a forward conteact to buy in
three months at 19800, Shont the stock now, and invest the proceeds, Doing so
will yield an arbitrage profil of 34.45,

Short security for 3200 and invest proceeds for three months FH2.45
At the end of three mombs, buy the securty for F198.00
Arbitrage profit 5445

Sp = §150

T = 2500365

r = 0.0525

PVIDLOT) = $1.254 1.0525)7"™* 2 $1.2501.0525)""" + £1.25/1.0525)7"™
= §3.60

FIO,T) = (S150.00 ~ $3.60)(1.0525°%%% = £151.53

8 = 3115

F0.T) = $151.53

1= JWIAS

T = 2504365

T — 1 = 1504365

r = [.0525

After 108 days, two dividends remain: the first one in 20 days, and the secomd one

in 110 days.

PVIDAT) = $1.2501.0525°"% 4 51254 1.0525)" "% = §2 4R

V0, T) = S115.00 - $2.48 ~ $151.53/1.0525)" "% = —£35.86

A negative value 1s o gan to the short

. Bp = %130

Fi0,T) = $151.53
VHOT) = 3130000 — $151.53 = —-521.53
The contract expires with a value of negative 321.53, a gain to the short.

a5 = 51,145

T = UW3ES = (0,2466
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r= 0,425
= loil + 0L425) = 0L.046
& = 00175

FO.T) = ($1.145 X ¢ ST MM|?{EI:I(H1H:I:I '.-lnm] = £1.15] .43

. 5 = 51,225

T = W¥IG5 = 0.2466
L= 280365 = 00767

T—t =0.1699

ro= 00425

rr=In(l + 0.0425) = 00416
& = 00175

VIOT) = (51,225 3¢ g WVEISEN (115 B MIRIMEIEEH = 28136
This is a gain 10 the long position,
S = %1.235

Fid Ty = 31,151.83

VH0T) = $1.235.00 — $1,151.53 = 383,17
The contract expires with a value of 38317, a gain o the loag.

. The investor should enter into a short forward contract, locking o the price at

which he can sell the bond in 365 days.

BT + YY) = 5114692
T = 36565 = |
r = 0.1

Between now {Le., 200 days since the original purchase) and the next 365 days,
the investor will receive two coupons, the first 165 davs from now and the second
347 days from moar,

PVICLOVT) = $400 1.06) "% + 400106y = $76.80

F(0.T) = ($1.146.92 — $76.81 ¢ 1.06)""* = £1,134.32

. BT + %) = 51,302.26

FO.T} = 51,134.32

1= I8WI6S

T = 365/365

T =1 = |R5/3I65
r= (i

We are now on the 380ih day of the bond's life. One more coupon payment
remains until the expiration of the torward contract. The coupon payment is in
547 = 380 = 167 days,

PVICLDT) = $400(1.04)" 7% = 134 29

Va0, T) = §1,302.26 — $39.29 — $1,134.32/1.04)"*%*° = £150.98

A positive value s o loss o the shorl position.

L AG 1T FRA expires in LD davs and is Based on [80-day LIBOR.
« b= 130

m = 180

h + m = 3Gl

Lath + m) = (L0595
Lyihy = 0L057

E:

1+ Lﬁ'&iﬁ( :I
S _j

FRA{Lhm)
I + (L057 —---)

| {“’”1 = (L0603
180/

gz
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135,

. h= 180
m = 130
g =45
h=—g=135

h+m-g=31l5
Lysth — g} = L0590
Lysih + m — g = 0.0615
| + 0.0603( Im;l'
Vilhm) = - = (L00K]
- ”mml |35} 315}

I + 00615
3600,

For S 10,000,000 notional principal, the value of the FRA would be = (L8] x
D000, 000 = B8, 10,

. h= 180
im = 180
Ligalh + m) = (L0625
i
{0.0625 — 0.0603) *]aﬁ
AL expiration, the payoll is - = (L0167
I + 00625
360}

Based on a notional principal of 510,000,000, the corporation, which i long, will
receive 510,000,000 = 0001067 = 310,670 from the dealer.

. A& 3 ¥ 6 FRA expires in 90 days and is based on 90-day LIBOR.
. h="0i)

im = Q)

h+m= 18D}
Lyih) = 006

Lyth + m) = 0.0614

360

1+ u.u-s{.ﬁf o

FRA(OLhm) =

14 Dﬂﬁnf 13:]
i ( J] 0.0619

. = %)

m = S

g =30

h =g =60}

h+m-—g= 150

Laglh = gh = (LO55

Lagfh + m — g) = 00562 _
" &)

1 +u.ua19[ am__}

150

360,

Vi0hm) = I - - =

|+ n.nﬁs[%' 1+ nnsfﬂ[

= —(LHhl 323
For 15,000,000 notional principal, the value of the FRA would be = —0001323
15,000,000 = —%19 845, Because the manager 15 shor, this represents a gain to his
COMANY.
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16. A. The risk to the U.S. company is that the value of the Swiss franc will decline and
it will receive fewer LLS, dollars on conversion. To hedge this sk, the company
should enter inte & contract to sell Swiss francs forward.

B. 5; = 505974
T = 90/365
r= 002
r = 0.05

HOT) = ( 05974

Wl{]-ﬂl]mﬂ“ = B.5931

C. 5 = %55
T = 9365
i = 30365
T — t = ad/365
r= 002
r = (.05
.55 S0L593 ]

Vl[n.ﬂ = [llns]mjm - {].ﬂl]m“ = —W.Mﬁ-t-

This represents a gain to the short position of S0L456 per Swiss franc. In this
problem, the US. company holds the short forward position.

17. First calculute the fair value or arbitrage-free price of the forward contract:
Sq = §1.0231
T = 180/365
r = (L0d
f = 0.05

F[n.'r3=[ LOZ1 ]I.’l.m}“":"m=51ﬂ153

[llmllﬁ'ﬂﬂﬁi

The dealer gquote for the forward contract is $1.0225; thus, the forward contract is
overprced. To earn a risk-free profif, you should enter into a forward contract to
sell ewros forward in six months at $1.0225. At the same time, buy euros now,

. 510231 _ _— I

i, Take [1.05) 15 = 9988, Use it to buy W = (19762 suros,
ii. Enter a forward contract to deliver €1.00 ot 31.0225 in six months.
ili. Invest €0.9762 for six months ar 4.5 percent per vear and receive €0.9762 X

105180955 = £1.00 at the end of six months.

iv. At expiration, deliver the ewro and receive 51,0225, Retumn over six months is

31.0225

SLNEED | = (,0237, or 474 :

0,908 1 = 00237, or percent a year,
This risk-free annual return of 4.74 percent exceeds the ULS, risk-free rate of 4
percent.

18. A. The risk 10 you is that the value of the British pound will rise over the next 30
days and it will require more U.5. dollars to buy the necessary pounds 1o make
payment, To hedge this risk you should enter a forward contract to buy British
pounds.

B. 5= 5150
T = 3365
ro= 0,055
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r = 0.045

$1.50

mm“m’l“-mﬁr”‘*‘- - $1.5018

Fo.Ty = [
C. 5 =51.53

T = V365

L= 1365

T =1 = 2HN365

r = (055

r = 0045

%1.53 S1.50102

| ViOT) = — pmes —

Loas™ T gsse S99

Becouse you are long, this 1s @ gain of 30,0295 per British pound,

19, A, = In(1.04) = 00392
© = In(1.06) = (L0583
B. S, = S0.6667

. T = S0365
| ' = 0.0392
f = L0583
F{'I]',T} — (Sﬂ.ﬁfﬁT W g |:|umrlﬂlr_m_-n]wl:u|:-ju_||u:|.l3{._-.:|] — M.ﬁﬁ":"ﬂ
| C. §, = 50,65
| T = a0/365
1 = 25/365
| T = 1 = 65/365
; ™ = 00392
| = DL05ES ;

i 1I'l|{'r.|..T_:l - tﬁﬂ.ﬁ‘i e E—ﬁ.ﬂ??:lﬁﬁ.‘?ﬁ.‘-l} —_ fsu_mgs o o “.ﬂ.'lH:'-GMI':"'.'l!I" = —%0.0174 |
The value of the contract 15 —30.0174 per Swiss franc,

20, First, caleulate the far value or arbitrage free price of the forward contract:
S0 = S0UOOE 12 per yen
T = 9365
ro= (045
ro= 002

2000812
{1.02y"v3

The dealer quote for the forward contract is 30,0081 3. Therefore, the forward con-
tract is underpriced. To earn a msk-fres profit, vou should emer inte a forward con-
tract i by wen in three months at 3000813, At the same time, sell ven now.

i. The spot rate of S0C00812 per ven 15 equivalent 10 ¥123,15 per ULS, dollar, Take

F0.T) = ]{1_1]-451'"”‘“‘ = S0.00817

_¥IZAAS o) 8o Use it to buy ——— o = (,88092 U5, dollars.
{ 1.045)y%1308 R {1.045)"0e R
il. Enter a forward contract 1o buy yen at S0000813 in three months, One LS,
dollar will buy ———— = ¥123.00

SOMIEDS

iif, Invest S009892 for three months al 4.5 percent a vear and receive 50,9892 x
1.045"3E5 = g1 00 at the end of three months.

. § —
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iv. At expiration, deliver the dollar and receive ¥122. The return over three
¥ 12300
¥1Z1.82
Because we began our inansactions in ven, the relevant comparizon for the return
fromn our transactions is the Japanese nsk-tree rate. The 588 percent return above
exceeds the Japanese nsk-free rate of 2 percent. Therefore, we could bomow yen
at 2 percent and engapge in the above fransactions to cam & risk-free return of 3,88
percent that exceeds the nate of borrawing,

months 15 —1 = (LOE6S, or 3BE porcent @ year



