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shorter-term contract expires. We take delivery of the bond, financing it at the repo rate, r, and hold it until

time T, when the longer-term contract expires. Because we are short that contract, we simply deliver the

bond. Assume we can identify today the cheapest bond to be delivered on the shorter-term contract.
Consider the following notation: co :

CF(t) = conversion factor for bond delivered at t
CE(T) = conversion factor for same bond delivered at T
f,(t) = today’s futures price for contract expiring at t
f,(T) = today’s futures price for contract expiring at T \
Al, = accrued interest on bond as of time t
Al = accrued interest on bond asof time T
At time t, we take delivery of the bond and pay the invoice price,
(CE®Yo(®) + AL
To finance the acceptance and holding of this bond, we borrow this amount at the rate r. Then, at time T,
we deliver the bond and receive the invoice price plus coupons received and reinvested from t to T,
(CE(T){T) + Al + Cly.
Since this transaction is riskless, the profit from it should be zero. Therefore,
[CF() 50 + AL (1 + £ )T~ = (CE(D)(T) + Aly + Cl,7.

The bracketed term on the left-hand side is the amount we paid for the bond at t. Since we borrowed this
amount, we must factor it up by the interest rate compounded over the period T — t. The right-hand side is
~ the amount received from delivering the bond at T. We can now solve for , the implied repo rate:

The numerator is the amount received for the bond, and the denominator is the amount paid for it.
Dividing these two numbers gives the rate of return over the period T — t. Raising this term to the power
1/(T — f) annualizes the rate. The implied repo thus is the return we could earn over the period T —t. If the
bond can be financed at less than this rate, the transaction will be profitable. ‘ g

An Example  Assume that on December 2, 2005, the cheapest bond to deliyer was the 6 1/4s maturing on
August 15, 2023. Let us examine the March—June Treasury bond futures spread. The March contract is
_priced at 112, and the conversion factor is 1.0269. The June futures price is 111.75. The conversion factor for
the 6 1/4s delivered on the June contract is 1.0265. The accrued interest on the bond on March 7, the assumed
delivery date, is 0.35, and the accrued interest on June 5 is 1.90. There are no coupons between the two
futures expiration dates so CI, r = 0.
Since the time from March 7 to June § is 90 days, the implied repo rate is

:  365.90)
.| 111.75(1.0265) +190 —1=0.0446.
112.00(1.0269) +0.35
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* The implied repo rate thus is 4.46 percent. Note that this is a forward rate, because it reflects the repo rate
over the future period from March 7 to June 5. If the bond could be financed at a rate of less than 4.46 percent
from March 7 to June S, the transaction would be profitable.

One way traders determine if the implied repo rate on the spread is attractive is to evaluate what is called
a turtle trade. The implied repo rate of 4.46 percent is an implied forward rate. It can be compared to the
implied rate in the Fed funds futures matket. If the Fed funds futures rate is lower, the trader sells the Fed
funds futures and buys the T-bond spread. This creates a risk-free position and earns the difference between
the implied repo rate on the T-bond spread and the implied rate on the Fed funds futures. If the implied rate
on the Fed funds futures is higher, the mvestor Teverses the T bond spread and buys the Fed funds futures.

STOCK INDEX ARBITRAGE

We discussed carry arbitrage with Federal funds, Eurodollars, and bond futures.. The concept is equally
applicable to stock index futures. In fact, this type of transactlon is one of the most widely used in the futures
markets. It is called stock index arbitrage. »

Recall that the model for the stock index futures price when interest and dividends are expressed in
continuously compounded form is. B

fo('r) = S()e(rc - c)?s
where r_ is the continuously compounded risk-free rate and 8, is the continuously compounded dividend
yield. Consider the following example of a fututes contract that has 40 days to-go until expiration. The S&P

500 index is at 1305, the risk-free rate is 5.2 percent, and the dividend yield i is 3 percent. The time to
explranon will be 40/365 0.1096. Thus, ‘the futtires should be prlced at

0(’I') = 13056(0,(52—&03)(&@ =1 308 15.

Now suppose the actual futures price. 15 1309. 66 Thus, the futures contract is slightly overpriced. We would
sell the futures and buy the stocks in the S&P 500 index in the same proportions as in the index. At expiration,
the futures price would equal the spot price of the S&P 500 index. We then would sell the stocks. The
transaction is theoretically riskless and would ‘earn a feturyy in excess'of the risk-free rate.

Now suppose at expiration the index closes at*1,300.30. The profit on the futures contract is 1,309.66 —
1,300.30 = 9.36. We bought the stocks for 1305; however, over the life of the futures this investment lost interest
at a rate of 5.2 percent and accumulated dividends at a rate of 3 percent. Thus, the effective cost of the stock was
1,305¢0.%2-003X0.1096) . § 308.15, which by no coincidence is the theoretical futures price. The stock is sold at
1,300.30 for a profit of 1,300.30 — 1,308.15 = —7.85. Thus, the overall profit is9.36 — 7.85.= 1.51, This is the
difference between the theoretical futures price and the actusl futures price. Since the actual futures price was
higher than the theoretical price we were able to execute an arbitrage involving the purchase of stocks and sale
of futures to capture the 1.51 differential. Had the actual futures price been less than the theoretical price, then
we would have executed a reverse carry arbitrage involving the purchase of futures and short sale of stock,
" which would have created a synthetlc loan that would have cost less than the risk-free rate.

Let us now determine the unplled repo ratc ‘Given the pncmg formula, t},(T) S efe =37 suppose the
futures price is equal to its theoretical fair price. Then we solve this equation for the nnphed interest rate, T,
and obtain

In this example, we have

¢ - In1,309.66/1305) 0 o s
e 0.109 T
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If this transaction were undertaken, it would provide a risk-free return of 6.25 percent. With the risk-free
rate at 5 percent, the transaction is an attractive opportunity. Also, if an-arbitrageur could not-borrow at
5 percent, but could borrow at any rate less than 6.25 percent, the transaction would still be worth doing.

Stock index arbitrage has proven to be particularly popular. It turns out, however, that there are.a number
of serious practical considerations that can limit its profitability. . .. . Lo -

Some Practical Considerations There are several problems in implementing stock index arbitrage. We
referred to the arbitrageur as buying the stock index at 1305. In reality, the arbitrageur would have to purchase .
all 500 stocks in the appropriate proportions as the index and immediately execute all of the trades. The New
York Stock Exchange has established a computerized order processing system, called the Designated Order
Turnaround, or DOT, that expedites trades. Nonetheless, it is still difficult to get all the trades in before the price
of any single stock changes. Thus, most arbitrageurs do not duplicate the index but use a smaller subset of the
stocks. Naturally this introduces some risk into what is supposed to be a riskless transaction.® ,

Let us assume, however, that the trades can be executed simultaneously. Let the index be 1305. Now
assume an arbitrageur has $20 million to use. Then the arbitrageur will buy the appropriately weighted 500
stocks with that amount. Because of the $250 multiplier on the futures, the S&P 500 is actually priced at
1,305(250) = $326,250, so the arbitrageur will need to buy $20,000,000/$326,250 = 61.30 futures contracts.
Because one cannot buy fractional contracts, the transaction will not be weighted precisely.

In addition, there are transaction costs of about 0.5 percent of the market value of the stocks. Would this
consume the profit in this example? If the index is 1,305 and the net profitis 1.51, the profit is approximately
0.0012 percent of the index and clearly would be absorbed by the transaction costs. s

In addition, there are problems involved in simultaneously selling all of the stocks in the index at
expiration. These transactions must be executed such that the portfolio will be liquidated at the closing values
of each stock. This is very difficult to do and frequently causes unusual stock price ‘move"ments at expiration.

Nonetheless, many large financial institutions execute this type of arbitrage transaction. Every day
billions of dollars trade on the basis of this futures pricing model. This trading of large blocks of stock
simultaneously is called program trading.’ The New York Stock-Exchange defines a program trade as the
simultaneous or near simultaneous purchase or sale of at least 15 stocks with a total market value of at least
$1 million. The NYSE féquires thiat these program trades be reported to it and all index arbitrage trades must
also be reported.

In this type of trading, the model is programmed into a computer, which continuously monitors the
futures price and the individual stock prices. When the computer identifies a deviation from the model, it
sends a signal to the user. Many large institutions have established procedures for immediately executing
the many simultaneous transactions, usually sending the orders through the DOT system. Table 10.5
illustrates a successful index arbitrage trade using the same example as before, but with a more significantly
overpriced futures. ' S o

Are stock index futures contracts correctly priced? Is it truly possible to profit from index arbitrage?
This question has been studied at great length. In the early days of stock index futures trading, there was
considerable evidence that stock index futures prices were too low (Figlewski, 1984). In time, prices began
to conform more closely to the model, as shown by Comell (1985). Deviations from the model remain,
however, and some can be exploited by traders with sufficiently low transaction costs. MacKinlay and
Ramaswamy (1988) revealed that (1) mispricing is more common the longer the remaining time to
expiration and (2) when a contract becomes overpriced or underpriced, it tends to stay overpriced or

5As an alternative, the arbitrageur could use exchange-traded funds, which are securities that represent claims on a
portfolio identical to an underlying index. Many exchange-traded funds are very actively traded. S e R
SIndex arbitrage is but one form of program trading. Another is portfolio insurance, which is covered in Chapter 14. See
Hill and Jones (1988) for a discussion of the different forms of program trading.
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underpriced rather than reversing from overpriced to underpriced or vice versa. Sofianos (1993) found that
it was very difficult to profit from index arbltmge after accounting for the problem of simultaneously
executing all trades. .

One consequence of program trading is that large stock price movements often occur quickly and
without an apparent flow of new information. For example, when the index or futures price becomes out of
line with the carry model, many mvestors recognize this event simultaneously and react by buying and

Table 10.5 Stock IndexArb:trage

Samﬁo'OnNovemberB the S&P 500 index is at 1,305; meoonunuouslyoompoundoddmdendywldu3pemnt,andﬁ\e
contunuously compounded risk-free rate is 5.2 percent. The December futures contract, which expires in 40 days, is priced at
1316.30. lts theoretical price is ,

= 1'30530.052—0.0310.10%) = 1,308.15,

where T = 40/365=01096Thus,ﬁmfummcontractnsoverpmedandtbnauyarbmgetramcuonwn“beexeq:tedusmg
$20 million. Transaction costs are 0.5 percent of the dollars invested.

Date P Spot Market - : , Futures Market
November8  The S&P 500 is at 1,305. The stocks have adividend ~ The 'S&P 500 futures, expiring on December 18, is
yield of 3 percent. The risk-free rate is at 1,316.30.
5.2 percent. C o The appropriate number of futures is $20 million/
Buy $20 milion of stock in the same [11.305%250)) = 61.30.*
proportions as make up the S&P 500 - -Sell 61 contracts
December 18  The S&P 500 is at 1,300.36. The stocks will . Futures expires at the S&P 500 price of 1,300.36.
be worth (1, 300.36/1305)($20 million) =
$19.928889 million.
The $20 million invested in the stocks
. effectively costs ($20 million)e!.052-0.030.1096)
- $20.048242 million.
Transactions costs are $20 miltion (0 005) =
~$100,000 (includes futures costs). :
Selistocks . , ‘ Close out futures at expiration
Profit on stocks:

$19,928,889 (received from sale of stocks)
-320,048,282 (invested in stodcs) ’

—$119, 393
Profit on futures:
61(250)(1,316.30) (sale price of futures)
- —61(25041,300.36) (purchase price of futures)
$243,085.
Overall profit:

$243,085 (from futures)
-$119,393 (from stock)
—$100,000 {transaction costs)
$23,692.

*The appropriate number of futures contracts to match $20 million of stock is $20 million divided by the index price, not the
futures price, times the multiplier. Even though the $20 million is allocated across 500 different stocks, it is equivalent to buying
$20 million/1,305 = 15,326 "shares” of thé S&P 500. The appmpnate number of futures is one for each equivalent “share" of the
S&P 500. Each futures, of course, has a 5250 mulbpher
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selling large quantities of stock and futures. Such actions have. attracted considerable attention from the
media. Critics have charged that program trading has led to increased volatility in the spot markets.
Regulators and legislators have called for restrictions on such trading in the form of circuit breakers
and reduced access to the DOT system for rapidly executing orders: Others have argued for i lmposmg hngher
margins on futures lradmg These issues continue to generate a lot ‘of debate

FO REIG N EXCHANGE ARB'ITRAGE |

We have discussed carry arbitrage with Federal funds, Eurodollars, bond futures, and stock indices so far. The
arbitrage concept is also applicable to foreign exchange futures. Recall that the model for the foreign
exchange futures pnce is’

fo(D) = So(1+0)T/(1+p)",
where S, is the spot foreign exchange rate expressed in local currency per unit of foreign currency, r denotes

the domestic risk free interest rate. (annually compounded) and p denotes the foreign risk free interest rate
(annually compounded). The continuously compounded equivalent is expressed as

fO(T) soe('c P;ﬂ
“ where 1_ is the contmuously compounded risk-free rate and p is the contmuously compounded foreign

interest rate. Recall this relationship between the spot foreign exchange rate and the forwaxd/futu:es price is
known as interest rate parity.

Numerical Example Consider again (p. 277) the following example from a European perspective. On.
June 9 of a particular year, the spot rate for dollars was 0.7908 euros. The U. S. interest rate was 5.84 percent,’
while the euro interest rate was 3.59 percent. The time to expiration was 9/365 = 0.2466. Recall that we have:

fo(T) = €0. 7908(1 0584)‘o 2466(1.0359)"% mo = 0 7866 €uros.

Again, the forward rate should be about 0.7866 euros.

Now suppose that the observed market forward rate is 0.80 euros. Then, an arbm'age opportumty is
available. An arbitrageur buys (1 0584) 02465 — 0,9861 dollars for $0.9861(€0.7908) = 0.7798 euros and sells
one forward contract at a forward rate of 0:80 euros. The 0.9861 dollars are invested at the U.S. risk-free rate.
When the contract expires, the arbitrageur will have 1 dollar, which is delivered on the forward contract and for
which 0.80 euros is received. Thus, thearbm‘ageurhasmvested 0.7798 euros and received 0.80 euros in 90 days.
The annualized return is

0.80 5% -
—] . —=1=0:1093, -
(0.7798) : ‘ ” »
which exceeds the euro risk-free rate of 3.59 percent. This transaction is called covered interest arbitrage. The
combined effects of numerous arbitrageurs would push the spot rate up and/or the forward rate down until the
spot and forward rates were properly aligned with the relative interest rates in the two countries.® Of course,
some trangaction costs and the dealer bid-ask spread Wmﬂdpxeventtherelanonshxpfmmholdmg precisely.

In Chapter 9 we introduced forexgn exchange forward contracts. We 1gnore any dxfferences related to fomards and‘
futures here. .
t‘Arbltrage could also put pressure on interest rates in the two countries. The U.S. rate could decrease, while the euro rate:
could increase. Interest rates are, however, so heavily influeniced by other effects, such as mﬂanon, govemment bomowmg,
and central bank policy, that it is unlikely that arbitrageurs could influence rates.. . .
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DeRIVATIVES TOOLS

‘Concepts, Apphcattons, and Extansaons ~
Currency-Hedged Cross-Border index Arb:trage P

We have now covered how to engage in covered interest arbltrage in which a trader buys a
currency and hedges its conversion back to the trader’s currency using a forward or futures
contract, and we have also covered how to engage in stock index arbitrage, in which the trader
buys a portfolio of stock and sells a futures on an index that matches the portfolio. Now, we shall
take a look at combining these two strategies.

Suppose that you are a Swiss equity trader who follows equities in the various European
countries. The Dow Jones Euro STOXX 50 in particular is a euro-denominated index of 50
leading European stocks. A futures contract, also denominated in euros, trades on EUREX, the
combined Swiss-German derivatives exchange. The trader observes that the futures seems to
be overpriced. A stock index arbitrage transaction could be executed using an exchange-traded
fund or ETF, which is a portfolio representing claims on a given index. To undertake this
transaction, however, the trader would need to convert his own currency, Swiss francs, to euros;
do the stock index arbitrage; and then convert the euros back to Swiss francs. Thus, the
transaction is exposed to the risk of the euro-Swiss franc exchange rate. The trader knows,
however, that he can hedge the conversion of euros back into Swiss francs, but the details are
more complex than a straightforward conversion of euros to Swiss francs. The trader will have to
take into account the value of the hedged portfolio when deciding on the size of the forward
contract.

Suppose that the Dow Jones Euro STOXX index is at 2,664. A futures contract on the index
is at 2680. Both numbers are in euros. The euro interest rate is 3 percent and the Swiss franc
interest rate is 2.5 percent. These rates were based on LIBOR-type interest but have been

“converted to continuous compounding equivalents: The continuously compounded dividend
yield on the index is 1.2 percent. The exchange rate is SF1.4726 per euro. The futures expires in
exactly three months and each futures contract covers €10. That is, the quoted futures price is
multiplied by 10 to obtain the actual futures price. ETFs on the index trade at 1/10 the price of
the index. Thus, the ETF is at 266.40.

' erst ‘the trader calculates the theoretncal prlce of the futures

266420012029 _ 2 676,

Observmg the futures price of 2,680, the trader knows that the futures is overpriced. He
decides to sell 1,000 contracts. Accounting for the multiplier, this would be like selling futures
to cover 1,000(10) = 10,000 shares. He must take into account, however, that if he purchases
ETFs, the price is set at 1/10 of the index. Thus, he must purchase 100,000 ETF shares. In
addition, if he purchases the shares, he will accrue dividends at the rate of 1.2 percent per year.
He can reinvest these dividends into new shares. Since he wants the equivalent of 100,000 ETF
shares after three months, he should purchase

100000e“°°‘2‘°és’ 99,700

shares of the ETF. He then sells 1,000 futures at 2,680: He will also need to engage in a forward
contract to convert a specific amount of euros into Swiss francs. Since he will be effectively selling
10,000 shares of the index at 2,680, the amount of euros he should receive is 10,000(2,680) =
26,800,000. Thus, the forward contract should be written to cover €26,800,000. The forward price
,_would be :
S 1 4726e‘°°25‘°°3"°25’ =1 4708
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The forward contract is assumed to be correctly priced, so the trader has entered into a
commitment to deliver €26,800,000 at SF1.4708 per euro. , :

Thus, the trader buys ‘the stock in the form of 99,700 ETF shares. This will require
99,700(€266.40) = €26,560,080, 56 he will have to commit €26,560,080 (SF1.4726/€) = SF39,112,374.
Remember that the trader could eam 2.5 percent on this money by keeping itinvested risk-free
in Switzerland. He sells 1,000 futures at 2,680 and sells a forward contract on €26,800,000 at
SF1.4708. v

At expiration, the index is at Sy and the ETF is at (1/10)S. Due to the reinvestment of
dividends, he now holds :

99,700e%°2029 — 100,000

shares of the ETF, which are worth

100,000(1/10)Ss.
The futures payoff, ignoring the mark-to-market effect, is
—1,000(10)(S; — 2,680).
Thus, the total payoff is
100,000(1/10)S; — 1,000(10)(S; — 2,680) = 26,800,000

euros. Using forward contracts, he converts this amount back into Swiss francs at the rate of
SF1.4708 to obtain

€26,800,000(GF1.4708/€) = SF39,417,440.

Now let us see how well he has done. He invested SF39,112,374 and ended up with
SF39,417,440. This is a return per Swiss franc invested of 39,417,440/39,112,374 = 1.00779973.
The annualized continuously compounded rate of return can be found in the following manner:

39,417,440 _ yo2s)
39,12,374 ’

Then '

In\39,112,374
and k will be 3.11 percent, which is earned risk-free. This is better than the 2.5 percent rate he
could have gotten by investing risk-free in Switzerland. Of course, the trader must execute the
trasactions quickly and cover all costs. : ‘ :

QUESTIONS AND PROBLEMS

1. On November 1, the one-month LIBOR rate is 4.0 percent and the two-month LIBORrate is 5.0
percent. Assume that Fed funds futures contracts trades at a 25 basis point rate under one-
month LIBOR at the start of the delivery month. The December Fed funds futures is quoted at
94.75. Assuming no basis risk between Fed funds and one-month LIBOR at the start of the
delivery month, identify whether an arbitrage opportunity s available. Contract size is
$5,000,000. Be sure to illustrate the arbitrage strategy for one contract. To show the dollar
arbitrage, assume the one-month LIBOR rate on December 1 was 7 percent.
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3.

10.

Repeat problem 1, but now assume the one-month LIBOR rate on December 1 was 5.5
percent. Ll e R L

On July 5, a stock index futures contract was at 394.85. The index was at 392.54, the risk-free
rate was 2.83:percent, the dividend yield was,2.08 percent, and the contract expired-on
September 20. Determine .if an arbitrage opportunity.-was available,.and explain what
transactions were executed. . - . :

- Rework problem 3 assuming that the index was at 388.14 at expiration. Determine the profit

from the arbitrage trade, and express it in terms of the profit from the spot and futures sides of
the transaction. How does your answer relate to that in problem 3?

- It is August 20, and you are trying to determine which of two bonds is the cheaper bond to

deliver on the December Treasury bond futures contract. The futures price is 89 12/32. Assume

delivery will be made on December 14, and use 7.9 percent as the repo rate. Find the cheaper

bond to deliver. ' )

a. Bond X: A9 percent noncallable bond maturing in about 28 years with a price of 100 14/32 and
a CF of 1.1106. Coupons are paid on November 15 and May 15. The accrued interest is 2.37
on August 20 and 0.72 on December 14.

b. Bond Z: An 11 1/4 percent noncallable bond maturing in about 25 years with a price of 121
14/32 and a CF of 1.3444. Coupons are paid on February 15 and August 15. The accrued
interest is 0.15 on August 20 and 3.7 on December 14.

. On September 26 of a particular year, the March Treasury bond futures contract settlement

price was 94-22. Compare the following two bonds and determine which is the cheaper bond

to deliver. Assume delivery will be made on March 1. Use 5.3 percent as the repo rate.

a. Bond A: A 12 3/4 percent bond callable in about 19 years and maturing in about 24 years
with a price of 148 9/32 and a CF of 1.4433. Coupons are paid on November 15 and May 15.
The accrued interest is 4.64 on September 26 and 3.73 on March 1.

b. Bond B: A 13 7/8 percent bond callable in about 20 years and maturing in about 25 years
with a price of 159 27/32 and a CF of 1.5689. Coupons are paid on November 15 and May
15. The accrued interest is 5.05 on September 26 and 4.06 on March 1.

. Identify two ways to express interest rate parity based on how interest rates are quoted. Explain

why, in practice, they contain the same information.

. On March 16, the March T-bond futures settlement price was 101 21/32. Assume the 12 1/2

percent bond maturing in about 22 years is the cheapest bond to deliver. The CF is 1.4639.
Assume that the price at 3:00 pM. was 150 15/32. Determine the price at 5:00 PM. that would be
necessary to justify delivery.

. On March 16, the June T-bond futures contract was priced at 100 17/32 and the September

contract was at 99 17/32. Determine the implied repo rate on the spread. Assume the cheapest
bond to deliver on both contracts is the 11 1/4 maturing in 28 years and currently priced at 140
21/32. The CF for delivery in June was 1.3593; and the CF for delivery in September was 1.3581.
Delivery is on the first of the month, and the coupons are paid on February 15 and August 15.
The accrued interest is 3.29 on June 1 and 6.16 on September 1 ‘ E

On September 12, the cheapest-to-deliver bond on the December Treasury bond futures
contract is the 9s of November 2018. The bond pays interest semiannually on May 15 and

- November 15. Its price is 125 12/32. The December futures price is 112 24/32. The bond has a

- conversion factor of 1.1002. Its accrued interest on September 12 is 2.91 and its accrued interest

on December 1 is 4.92, which reflects the payment of the coupon on November 15. Assuming
delivery on December 1, determine the implied repo rate. Then write an interpretation of your
result.
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11. (Concept Problem) In this chapter, there are two equations presented for the implied repo rate
related to bond futures contracts shown below. Explain these equations and discuss the
differences between them.

 [CAEMpA+Cor " ana
By +Aly

-

) (CF(®) o (D +AL+Cly 1 1((T—t)—
(CFW)o (D) +Al,

12. Assume that on March 16, the cheapest bond to deliver on the June T-bond futures contract is
the 14s, callable in about 19 years and maturing in about 24 years. Coupons are paid on
November 15 and May 15. The price of the bond is 161 23/32, and the CF is 1.584. The June
futures price is 100 17/32. Assume a 5.5 percent reinvestment rate. Determine the implied repo
rate on the contract. Interpret your result. Note that you will need to determine the accrued
interest. Assume delivery on June 1. ’

13. Explain how the repurchase agreement plays a role in the pricing of futures contracts. What is
the implied repo rate? '

14. Explain the implied repo rate on a U.S. Treasury bond futures spread position.

15. Identify and discuss four non-traded delivery options related to U.S. Treasury bond futures
contracts. '

16. Define the conversion factor. Why are U.S. Treasury bond futures contracts designed with
conversion factors?

17. \dentify and explain some factors that make the execution of stock index futures arbitrage
difficult in practice.

18. What is program trading? Why is it so controversial?
19. Explain the relationship between carry arbitrage and the implied repo rate.

20. On August 20 a stock index futures, which expires on September 20, was priced at 429.70. The
index was at 428.51. The dividend yield was 2.7 percent. Discuss the concept of the implied
repo rate on an index arbitrage trade. Determine the implied repo rate on this trade, and
explain how you would evaluate it.

21. A corporate cash manager who often invests her firm's excess cash in the Eurodollar market is
considering the possibility of investing $20 million for 180 days directly in a Eurodollar CD at
6.15 percent. As an alternative, she considers the fact that the 90-day rate is 6 percent and the
price of a Eurodollar futures expiring in 90 days is 93.75 (the IMM index). She believes that the
combination of the 90-day CD plus the futures contract would be a better way of lending $20
million for 180 days. Suppose she executes this strategy and the rate on 90-day Eurodollar CDs
ninety days later is 5.9 percent. Determine the annualized rate-of return she earns over 180 days
and compare it to the annualized rate of return on the 180-day CD.

. (Concept Problem) Referring to problem 3, suppose transaction costs amounted to 0.5 percent
of the value of the stock index. Explain how these costs would affect the profitability and the
incidence of index arbitrage. Then calculate the range of possible futures prices within which
no arbitrage would take place.

2

N
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Determining the CBOT Treasury Bond Conversion Factor
Step 1 Determine the maturity of the bond in years, months, and days as of the first day of the expiration
month. If the bond is callable, use the first call date instead of the maturity date. Let YRS be the
number of years and MOS the number of months. Ignore the number of days. Let ¢ be the coupon
rate on the bond.
Step 2 Round the number of months down to 0, 3, 6, or 9. Call this MOS*.
Step 3 If MOS* =0,

CF, = E[———~—1 ~(LO3y }+(1.03)‘2“{RS

72 0.03
If MOS* = 3,
CF, = (CF, + ¢/2)(1.03)%% — ¢/a.
If MOS* = 6,
CF,= _;_[1 —(1.03).(‘)‘3"““” ]- (1.03) YRS+
If MOS* = 9,

CF, = (CFy + ¢/2)(1.03)% — c/d.

Example: Determine the CF for delivery of the 5 1/4s of February 15, 2029, on the March 2006 T-bond
futures contract. . :

On March 1, 2006, the bond’s remaining life is 22 years, 11 months, and 14 days. Thus, YRS = 22 and
MOS = 11. Rounding down gives MOS* = 9. First, we must find CFg;:

oF, = 0.0525 1-(1.03) (22D +(1.03)~2@*) = 0.908055,
2 0.03

Then we find CF; as
CF, = (1.908055 + 0.0525/2)(1.03)"%° — 0.0525/4 = 0.9075,

which is shown in Table 10.3 in the chapter. _
The Excel spreadsheet CF7e.x1s will automatically calculate the conversion factor for you. Software
Demonstration 10.2 illustrates how to use CF7e.xls.
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SOFTWARE DEMONSTRATION 10.2

Determining the CBOT Conversion Factor with the Excel Spreadsheet CF7e.xls

The Excel spreadsheet CF7e.xls is written in Excel 2002. It calculates the conversion factor
for a bond delivered on the Chicago Board of Trade's Treasury bond futures contract. To use the
spreadsheet, you will need Windows 95 or higher. The spreadsheet is available as a download
via the product support Web site. To accessit:. . -~

1. Go to www.academic.cengage.com/aise. .
2. Click on Instructor Resources or Student Resources.
3. Locate the title of this book on the Web site.

4. Download and install the spreadsheet using the‘link““ﬁrOVided., g

This spreadsheet is a read-only spreadsheet, meaning that it cannot be saved under the
name CF7exls, which preserves the originai file. . *~ . . ¢ Ao

Now let us work an example. Suppose we wish to delivér the 5 1/4 of February 15, 2029 on
the March 2006 contract. Each cell that will accept input has a double-line border and the values
are in blue. In the section labeled Inputs: you should enter the delivery date. This will always be
simply a month and a year. Enter it in the form mm/yyyy. Thus, you should insert “3/2006" in the
cell. Several rows below, you should enter the coupon rate and maturity date. Enter the coupon
rate as a percentage or decimal. For example, our bond's coupon is 5.25, so enter "5.25" or
“0.0525". Enter the maturity date in the format mm/dd/yyyy. Thus, in this case, you would enter
"2/15/2029". The spreadsheet displays both of these dates in Excel’s date format. Press F9
(manual recalculation). ' : ‘

The results are then calculated and appear in the section labeled Results: Output values
have a single-line border. The conversion factor here is 0.9075. The spreadsheet also shows the
maturity in years (here, 22), months (11), and days, based on the first day of the expiration month,
(14). This enables you to see if the bond has a sufficiently long maturity to be eligible for delivery
on the bond or note contract. o B o




- FORWARD AND FUTURES HEDGING,
SPREAD, AND TARGET STRATEGIES

edging is a type of transaction designed to reduce or, in some cases, eliminate risk. Qur material on options

presented numerous examples of hedges, the most obvious being the covered call and protective put. Now we
shall find that it is also possible, in some cases preferable, to use forwards or futures, to hedge. '
- Until now we have emphasized that there are many similarities and differences between forward and futures
contracts. Both can be used for hedging. When choosing a forward or futures hedge over an option hedge, the
hedger agrees to give up future gains and losses. No up-front cost is incurred. In contrast, an option hedge such as
a protective put preserves future gains but at the expense of an up-front cost, the option premium. Forward
contracting, as we previously noted, involves some credit risk and is generally available only. in very large
transaction sizes. Forward contracting, however, allows the user to customize the terms of the transaction so0 as to
get a near-perfect hednger@ntypes of business situations are more suited to forward hedges. Others are more
suited to futures hedges. In others; options are more appropriately used. While the choice of instrument is often a
trade-off between the advantages andvdisadvantages of each, it is also sometimes true that the instrument chosen is
a function of the extent to which the hedger is familiar with the type of instrument, what competing firms do, and
the efforts made by futures exchanges and over-the-counter dealers to convince hedgers to use their products.

In this chapter we shall see a number of examples of various types of hedges. This includes hedges with
foreign currency forwards and futures, futures ori botids and notes, and stock index futures.

In this chapter we also explore various spmad strategies. Spread strategies are usually pursued when a trader
has a particular view on the future direction of various futures contracts. We also cover target strategies wherein
investors use futures contracts to target their desired durations and betas. .

. Inspite of all of the material we cover in this chapter, our treatment is incomplete. A considerable number of
hedge strategies utilize swaps and interest rate derivatives, topics we cover in Chapters 12 and 13. Accordingly, we
shall return to the topic of hedging in those chapters. ' T

" We start this chapter with a discussion of several general issues involved in the process of hedging. For
example, why should anyone hedge in the first place?

WHY HEDGE?

Before we begin with the technical aspects of hedging, it is worthwhile to ask two questions: (1) Why do
firms hedge? and (2) Should they hedge? Hedging is done to reduce risk, but is this desirable? If everyone
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hedged, would we not simply end up with an economy in which no one takes risks? This would surely lead
to economic stagnancy. Moreover, we must wonder whether hedging can actually increase shareholder
wealth.! : R ) , ,

If the famous Modigliani-Miller propositions are correct, then the value of the firm is independent of any
financial decisions, which include hedging. Hedging, however, may be desired by the shareholders simply to
firid a more acceptable combination of expected return and risk. It can be argued, however, that firms need
not hedgeé since shareholders, if they wanted hedging, ‘could do it thémselves. But this ignores several
important points. It assumes that shareholders can cortectly assess all thé firm’s risks that can be hedged. If a
company is exposed to the risk associated with volatile raw materials prices; can the shareholders properly
determine the degree of risk? Can they determine the periods over which that risk is greatest? Can they
determine the correct number of futures contracts necessary to hedge their share of the total risk? Do they
even qualify to open a futures brokerage account? Will their transaction costs be equal to or less than their
proportional share of the transaction costs incurred if the firm did the hedging? The answer to each of these
questions is “maybe not.” It should be obvious that hedging is not something that shareholders can always do
as effectively as firms. =~ L o )

~ Corporate hedging activities may be related to the relative cost of internal and external financing. Froot,
Scharfstein, and Stein suggest that corporate hedging is motivated by a desire to ensure lower cost financing
internally when attractive investment opportunities are available.

In addition, there may be other reasons why firms hedge, such as tax advantages. Low-income firms, for
example those that are below the highest corporate tax rate, can particularly benefit from the interaction
between hedging and the progressive corporate income tax structure.? Hedging also reduces the probability of
bankruptcy. This is not necessarily valuable to the shareholders except that it can reduce the expected costs that
are incurred if the firm does go bankrupt. - o R

A firm may choose to hedge because its managers’ livelihoods may be heavily tied to the performance of
the firm. The managers may then benefit from reducing the firm’s risk. This may not be in the shartholders’
best interests, but it can at least explain why some firms hedge. Finally, hedging may send a signal to potential
creditors that the firm is making a concerted effort to protect the value of the underlying assets. This can result
in more favorable credit terms and less costly, restrictive covenants. o ’ ’

Many firms, such as financial institutions, are constantly ttading over-the-counter financial products like
swaps and forwards on behalf of their clients. They offer these services to help their clients manage their risks.
These financial institutions then turn around and hedge the risk they have assumed on behalf of their clients.
How do they make, money? They quote rates and prices to their clients that reflect a spread sufficient to cover
their hedging costs and include a profit. In this manner, they become retailers of hedging services.

Lest we give a one-sided view of hedging, it is important to consider some reasons not to hedge. One
reason is that hedging can give a misleading impression of the amount of risk reduced. There is an old
saying in derivatives: “The only perfect hedge is in a Japanese garden.” Hedges nearly always leave some
risk and some hedges leave a surprising amount of risk that was supposed to have been eliminated.
Hedging should always be viewed as risk reducing but not eliminating, thus requiring that the remaining
risk be identified and monitored. s L e o

"The material in this section draws heavily from C. W. Smith and R, M. Stulz, “The Determinants of Firms’ Hedging
Policies,” Journal of Financial and Quantitative Analysis 20 (1985): 391—405; D, Duffie. “Corporate Risk Management
101: Why Hedge?” Corporate Risk Management 3 (May 1991): 22-25; D. R. Nance, C. W. Smith Jr,, and C. W.
Smithson, “On the Determinants of Corporate Hedging,” The Journal of Finance 48 (March 1993): 267-284; and K. A.
Froot, D. S. Scharfstein, and J. C. Stein, “Risk Management: Coordinating Corporate Investment and Financing
Policies,” The Journal of Finance 48 (December 1993): 1629—1658. e

2See Appendix 11 for more on hedging and taxes.
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Another problem with hedging is that it éliminates the opportunity to take advantage of favorable market
conditions. In other words, hedging reduces the gain potential as well as the loss potential. Carried to an
extreme, hedging can nearly eliminate any reason for being in business in the first place. The creation of
wealth does not.come about by.indiscriminate hedging. Hedging should be selective—that is, reducing
certain risks while maintaining exposures where an advantage is perceived. . ,

- Finally, we should add that there is really no such thing as a hedge. As surprising as that sounds, consider
this, When an investor moves all funds from stock to cash, he may think he is hedging, but he is really taking
a position that the market will go down. When a corporation hedges away the risk associated with borrowing
at a floating rate, it is taking a position that interest rates will go up. In either case, the elimination of risk is
taking a position based on a view that an unfavorable.event will occur in the market. This is as much of a
speculative action as is investing all of one’s money in the stock market or borrowing at a floating rate. In other
words, reducing risk is a bet that bad things will happen in the market. ' :

With all of this talk about hedging, however, we would be remiss not to note that hedging is just a part
of an overall process called risk management. Hedging is a specific example of managing risk for the purpose
of reducing it. In a broader sense, however, there is much more to managing risk than just hedging. In some
situations, risk will be lower than desired, calling for an increase in risk. Is this the opposite of hedging?
Some would indeed call it speculation, but in fact, it is just part of the overall process of risk management,
the alignment of the actual level of risk with the desired level of risk. While the focus of this chapter is on
hedging, we shall discuss the bigger picture of managing risk in Chapters 15 and 16,

HEDGING CONCEPTS

Before we can understand why a certain hedge is placed or how it works, we must become acquainted with a
few basic hedging concepts. We have mentioned some of these points before but have not specifically applied
them to hedging strategies. In the discussion below, we shall primarily refer to futures, but the ideas are
nearly alivays applicable to forward contracts as well. - '

Short Hedge and Long Hedge | : '

The terms short hedge and long hedge distinguish hedges that involve short and long positions in the futures
contract, respectively. A hedger who holds an asset and is concerned.about a decrease in its price, such as a
grain elevator operator owning a large inventory of wheat, might consider hedging it with a short position in
futures. If the spot price and futures pfice move together, the hedge will reduce some of the risk. For example,
if the spot price decreases, the futures price also will decrease. Since the hedger is short the futures contract,
the futures transaction produces a profit that at least partially offsets thie loss on the spot position. This is
called a short hedge because the hedger is short futures. The grain elevator operator is able to hedge price risk
with a short wheat futures position. - ;

- Another type of hedge situation is faced when a party plans to purchase an asset at a later date, such as a
cereal producer. Fearing an incredse in wheat prices, the cereal producer might buy futures contracts. Then,
if the price of wheat increases, the wheat futures price also will increase and produce a profit on the futures
position. That profit will at least partially offset the higher cost of purchasing wheat. This is a long hedge,
because the hedger, the cereal producer in this example, is long in the futures market. Because it involves an
anticipated transaction, it is sometimes called an anticipatory hedge. :

Another type of long hedge might be placed when one is short an asset. Although this hedge is less
common, it would be appropriate for someone who has sold short a stock and is concerned that the market
will go up. Rather than close out the short position, one might buy a futures contract and earn a profit on the
long position in futures that will at least partially offset the loss on the short position in the stock.
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Table11.1  Summary of Hedging Situations : : o
Condition Today R Risk Appropriate Hedge

Hold asset Asset price may fall / ' Short hedge
Plan to buy asset . _ Asset price may rise Long hedge
Sold short asset " Asset price may rise . _ Long hedge

Note: Short hedge means long spot short futures; long hedge means short spot, long futures. Hedging
situations involving loans are examined in Chapters 12 and 13.

In each of these cases, the hedger held a position in the spot market that was subject to risk. The futures
transaction served as a temporary substitute for a spet transaction. Thus, when one holds the asset and is
concerned about a price decrease but does not want to sell it, one can execute a short futures trade. Selling the
futures contract would substitute for selling the commodity. Table 11.1 summarizes these various hedging
situations.

The Basis

The basis is one of the most important concepts in futures markets because it aids in understanding the
process of hedging. The basis usually is defined as the spot price minus the futures price. Some books and
articles, however, define it as the futures price minus the spot price. In this book, we shall use the former
definition: *

Hedging and the Basis Here- we will look at the concept of hedging and hov? the basis affects the
performance of a hedge. Ultimately we shall need to understand the factors that influence the basis.
Let us define the following terms: , .

T = time point of expiration (say a particular moxith, day, and year)
St =—-mne peint pnor to.expiration (t = 0 implies “today”) ,
S,=spotpricetoday DR
f, = futures price today
Sy = spbt price at éxpiration
f, = futures price at expiration
S, = spot price at time t prior to expiration
f, = futures price at time t prior to expiration
I = profit from a given strategy

For the time being, we shall ignore marking to market, any costs of storing the asset, and other transaction
costs. : ‘ T

The concept of a hedge is not new. When we looked at options, we constructed several types of hedges,
some of which were riskless. By taking a position in a stock and an opposite position in an option, gains
(losses) on the stock are offset by losses (gains) on the option. We can do the same thing with futures: hold a
long (short) position in the spot market and a short (long) position in the futures market. For a long position
in the spot market, the profit from a hedge held to expiration is o o
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Recall that profit is always the selling price minus the purchase price. The futures market profit from a short
position is (f, — fy) or —(fy — ;). For a short position in the spot market and a long position in the futures
market, the sign of each term in the above equatiop is reversed; that is, :

In some cases, we might wish to close out the position at time t, that is, before ke)y(piration. Then the profits
from a short hedge and a long hedge are _

el ey T

At expiration, a person buying a futures contract can expect to receive immediate delivery of the good.
Thus, an expiring futures contract is the same as the purchase of the spot commodity; therefore, Sy =fr.
Thus, the profit if the short hedge is held to expiration is simply f, — S,. That means that the hedge is
equivalent to buying the asset at price S, and immediately guaranteeing a sale price of f,. Also, the profit if
the long hedge is held to expiration is S, — f,, which is equivalent to selling the asset at price S, and
immediately guaranteeing the purchase price of ;. ' o a ‘ o

As an example, suppose you buy an asset for $100 and sell a futures contract on the asset at $103.
Therefore, you have a short hedge. At expiration, the spot and futures prices are both $96. You sell the
asset for $96, taking a $4 loss, and close your futures contract at $96, making a $7 gain, for a net profit
of $3. Alternatively, you could:deliver the asset on your futures contract, receiving $96, ‘and coliect the
$7 that has accumulated in your: futures account, making the effective sale price of the asset $103. In
either case, the transaction is equivalent to selling the asset for $103, the original futures price.

Now.suppose instead you short sell an asset for $100 and buy a futures contract on the asset at $103.
Therefore, you have a long hedge. At expiration, the spot and futures prices are both $96. You buy back the
asset for $96, receiving a $4 gain, and close your futures contract at $96, taking a $7 loss, for a net loss of

-$3. Alternatively, you could purchase the asset on your futures contract, paying $96 and with the $7 loss
that has accumulated in your futures account, the effective purchase price of the asset is $103. In either
case, the transaction is equivalent to purchasing the asset for $103, the original futures price.

Since the basis is defined as the spot price minus the futures price, we can write it as a variable, b, where
. by =S, — f, (initial basis)
" b= S, —f(basis at time t)
by == 8= fi-(basis at expiration).

Thus, for positions closed out at time t,

i s WA

The profits from the hedges are simply the change in the basis. The uncertainty regarding how the basis
will change is called basis risk. A hedge substitutes the change in the basis for the change in the spot price.
The basis change usually is far less variable than the spot price change; hence, the hedged position is less
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risky than the unhedged position. Because basis risk results from the uncertainty over the change in the basis,
hedging is a speculative activity but produces a risk level much lower than that of an unhedged position.

Hedging can also be viewed as a transaction that attempts to establish the expected future price of an
asset. A short (long) hedge establishes the expected future sales (purchase) price. For example, the equation
for the profit on a short hedge can be written as f, + (S, — ) — S,. Since the short hedger paid S, dollars to
purchase the asset, then the effective sale price of the assei can be viewed as f; + (S, — f), which can be
written as f, + b, In other words, a short hedge establishes the future sale price of the asset as the current
futures price plus the basis. Since f, is known, the effective future sale price is uncertain only to the extent
that the basis is uncertain. If the short hedge is held to expiration, the effective sale price becomes f;, + by,
which is simply f,, since the basis at expiration is zero. Thus, the sale price of the asset is established as f;
when the transaction is initiated. The short hedger would be sure that she would:be able to effectively sell the
asset for the futures price. This would be a ‘perfect’ short hedge. Most hedges are 1mperfect fora vanety of
reasons but often because the hedger does not typically hold the position to expiration. - * :

If the spot price increases by more than the futures price, the basis will increase. This is said to be a
strengthening basis, and it improves (reduces) the performance of the short (long) hedge. If the futures price
increases by more than the spot price, the basis will decrease, reducing (improving) the performance on the
short (long) hedge. In that case, the basis is said to be weakening. These relationships between hedging
profitability and the basis are summarized in Table 11.2.

As noted above, if a hedge is held all the way to explratlon, the basis goes to zero. In that case, the profit
is simply —b, from a short hedge and +b, from a long hedge.

Finally, we should remember that hedging incurs costs, such as the transaction costs of the futm:es In
addition, if the asset is held, it will incur costs of storage. These will reduce the proﬁt but their effects are generally
known in advance and, thus, do not.impose any addmonal risk. . :

Hedging Example bet us consxder an example ysing gold. On March 30, the price of a gold futures expiring
in June was $388.60 per troy ounce. The spot price of gold was $387.15. Suppose a gold dealer held 100 troy

Table11.2  Hedging Proﬁtablhty and the Basis L ’ o
TpeofHedge  Beneftsfom . WhichOccursif

Short hedge - Strengthening basis Spot price rises more than futures price rises
‘ Spot price falls less :l:a_n Etums price falls
Spot price rises and o nes price falls
Long hedge _ Weakening basis Spot price rises less an futures price rises
b Sp;t price falls mrbot;an Hfutures price falls
: Lor

Sp0t pﬂce fallsandffuuues pnce rises
Note: Short hadge means Iong spot shortfuﬁms long hedge means short spet long futures.

ounces of gold worth 100(387. 15) 38,715 We shall disregiid 'the storage costs because they are reasonably
certain. To protect against a decrease m*ihe price of gold, the dealer might sell one futures contract on 100 troy
ounces, hence he has entered a short hedge. In our notation,

S, = 387.15
f,=388.60.
by = 387.15 — 388.60 = —1.45.
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If the hedge is held to expiration, the basis should converge to zero. It might not go precisely to zero,
however, and we shall see why later. If it does, the profit should be —1 times the original basis times the
number of ounces:.

=-H-1 45X100) = 145

Suppose that at explratnon the spnt price of gold is $408 50. Then the dealer sells the gold in the spot
market for a profit of 100(408.50 — 387.15) = 2,135. The short futures contract is offset by purchasing it in
the futures market for a profit of —100(408.50 — 388. 60) -+1,990. The overall profit therefore is —1,990 +
2,135 = 145, as we predicted.

Ncw suppose we.close the position prior to explratlon For example, on May 5 the spot price of gold was
$377.52 and the June futures:price was $378.63. In-our notation; §, = 377.52 and f, =378.63. If the gold is sold
in the spot market, the profit is 100¢377.52 — 387.15) = —963. The futures contract is bought back at 378.63
for a profit of —100(378.63 — 388.60) = 997. The net.gain is —963 + 997 = 34. As we said earlier, this
should equal the change in the basis, b, — b,. The original basis was.—1.45. The basis when the position is
closed is S, — f,, or 377.52 — 37863 = ~1. 11. The profit, therefore, is

-1;11 -—(-—1.45) = 0.34,
which is the gain on the hedge per ounce of gold.

Behavior of the Basis Figure 11.1 shows the basis on a September S&P 500 index futures contract for a
two-year period prior to expiration. Notice that the basis is quite volatile but finally converges to the spot price
as- maturity: approaches. The volatility of the basis can be attributed to changing interest rates, changing
expectations about dividend payments and asynchronous prices. Asynchronous pricing refers to pricing being
set at different points in time. The S&P 500 index closing value is set based on the closing prices of the 500
stocks in the index. The stock markets close at 3: :00 PM EST. The S&P 500 index futures markets close at 3:15
PM EST, hence there is a slight timing differénce.
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The basis does not always converge exactly to zero. In the case of gold, for example, an investor who
purchased gold on the spot market and immediately sold a futures contract that is about to expire would have
to deliver the gold. There is a potentially significant delivery cost that could leave the futures price slightly
above the spot price. For some commodities, there are several acceptable grades that can be delivered, so
there are multiple spot prices. The short has control over the delivery and will choose to deliver the most
economical grade. The futures price will tend to converge to the spot price of the commodity that is most
likely to be delivered. . ; . o , .

Of course, in forward markets the basis is rarely an issue. The hedge is customized so the basis risk can
be eliminated.

Some Risks of Hedging

Sometimes the asset being hedged and the asset underlying the futures contract differ. A typical example,
which we shall illustrate later, is the hedging of a corporate bond with a Treasury bond futures contract. This
is referred to as a cross hedge and is a type of basis risk much greater than that encountered by hedging
government bonds with Treasury bond futures. Corporate and government bond prices tend to move together,
but the relationship is weaker than that of two government bonds. In addition, bonds with higher ratings
would be more highly correlated with government bonds. Thus, lower-quality corporate bonds would carry
some additional basis risk, and hedges would tend to be less effective. 7 ,

In some cases, the price of the asset being hedged and that of the futures contract move in opposite
directions. Then a hedge will produce either a profit or a loss on both the spot and the futures positions. If one
chooses the correct futures contract, this is unlikely to occur. If it occurs frequently, the hedger should find a
different contract.

~ Hedging also entails another form of risk called quantity risk. For instance, suppose a farmer wishes to
lock in the selling price of the crop that has not yet been harvested. The farmer might sell a futures contract
and thereby establish the future selling price of the crop. Yet what the farmer does not know and cannot hedge
is the uncertainty over the size of the crop. This is the farmer’s quantity risk. The farmer’s total revenue is the
product of the crop’s price and its size, In a highly competitive market, the farmer’s crop is too small to
influence the price, but there are systematic factors, such as weather, that could influence everyone’s crop.
Thus, the crop size could be small when prices are high and large when prices are low. This situation creates
its own natural hedge. When the farmer hedges, the price-volatility no longer offsets the uncertainty of the
crop size. Thus, the hedge actually can increase the overall risk. Quantity uncertainty is common int farming
but is by no means restricted to it. Many corporations and financial institutions do not know the sizes of future
cash flows and thus must contend with quantity risk. ) :

In the ideal hedge, the so-called perfect hedge, the hedger knows the horizon date on which he will enter
into the spot transaction that he is trying to hedge. He would use a futures or another derivative that expires on
that exact date. In some cases, however, the hedger does not know the horizon date for the hedge. For example,
the owner of an asset might know for sure that he will need to sell the asset at a future date, but he might not
know the exact date on which the sale will take place. In another situation, a party might know that she will
receive some cash at a future date and will use the cash to purchase a particular asset. But she may not know
the exact date on which the cash will be received. When the hedger does not know the horizon date, it will be
more difficult to align the expiration date of the futures or forward contract with the hedge horizon date. Then
the effectiveness of the hedge will be lower.

Contract Choice
When using futures to hedge, the choice of contract actually consists of four decisions: (1) which futures

underlying asset, (2) which expiration month, (3) whether to be long or short, and (4) the number of contracts.
The number of contracts is so important that we defer it to the next main section. '

Which Futures Underlying Asset? From the previous section, we can see that it is important to select a
futures contract on an asset that is highly correlated with the underlying asset being hedged. In many cases the
choice is obvious, but in some it is not. o
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For example, suppose that a party wishes to hedge the value of a highly diversified portfolio of mid-cap
stocks. There is a futures contract on the S&P MidCap Index, a measure of the performance of 400 medium-
sized stocks. But the portfolio-at risk does not perfectly match the S&P MidCap Index. Moreover, the
futures contract on this index is not all that actively traded. Thus, it is possible that the hedger would want
to use a futures contract on a more actively traded large- or small-cap index. Of course, if the hedger wanted
a perfect match between the portfolio and-the index underlying the. hedging contract, he would choose a
forward contract customized to match his portfolxo, but the hxgher costs might be a factor in choosing the
standardized futures contract. '

Another factor one should consider is whether the contract is correctly priced. A short hedger will be
selling futures contracts and therefore should look for contracts that are overpnced or, in the worst case,
correctly priced. A long hedger should hedge by buymg underpnced contracts or, in the worst case, correctly
priced contracts.

Sometimes the best hedge can be obtained by using more than one futures commodity. For example, a
hedge of a jet fuel position might be more effective if both heating oil futures and crude oil futures are used.

Which Expiration? Once one has selected the futures commodity, one must decide on the expiration
month. As we know, only certain expiration months trade at a given time. For example, in September the
Treasury bond futures contract has expirations of December of the current year, March, June, September, and
December of the following year, and March, June, and September of the year after that. If the Treasury bond
futures contract is the appropriate hedging vehicle, the contract used must come from this group of
expirations.

In most cases, the hedger knows the time horizon over which the hedge must remain in effect. To obtain
the maximum reduction in basis risk, a hedger should hold the futures position until as close-as possible to
that date. Thus, an appropriate contract expiration v would be one that corresponded as closely as possible to
the horizon date. The general rule of thumb, however, is to avoid holding a futures position in the expiration
month. This is because unusual price movements sometimes are observed in the expiration month, and this
'would pose an additional risk to hédgers. Thus, the hedger should choose an expiration month that is as
close as possible to but after the month in which the hedge is terminated.?

Table 11.3 lists possible hedge termination dates for.a Treasury bond futures hedge and the appropriate
contracts for use. Consider, howevet, thdt the longer the time to expiration, the less liguid the contract.

Table 113  Contract Expirations for Planned Hedge Tenmnatxon Dates (’Ii‘easury Bond Futurés Hedge Initiated
on September 30, 2006)

Hedge Termination Date : Appropriate Contract
10/1/06—11/30/06 . Dec 06
12/1/06—-2/28/07 Mar 07
3/1/07-5/31/07 Jun 07
6/1/07-8/31/07 Sep 07
9/1/07-11/30/07 ’ Dec 07
12/1/07-2/28/08 - Mar 08
3/1/08-5/31/08 Jun 08
6/1/08-8/31/08 Sep 08
9/1/08—-11/30/08 Dec 08

Note: The appropriate contract is based on the rule that the expiration date should be as soon as possible after
the hedge termination date, subject to no contract being held in its expiration month, Liquidity considerations
may make some more distant contracts inappropriate.

3Not all contracts exhlbnt unu§ual price behavmr in the expiration month. Thus, this rule need not always be strictly
followed.
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Therefore, the selection of a contract according to this criterion may need to be overruled by the necessity of
using a liquid contract. If this happens, one should use a contract with a shorter expiration. When the contract
moves into its expiration month, the futures position s closed out and a new position is opened in the next
expiration month. This process, called rolling the hedge forward, generates some additional risk but can still
be quite effective.

Of course, the ﬁme honzon problem can be handled pexfectly by usmg a forward contract from the over-
the-counter market. In fact, some hedgers have horizons of longer than ten years, which can be hedged only
by using forward contracts or swaps.

Long or Short? Regardless of whether one uses forwards or futures, the most important decision is
whether to be long or short. There is absolutely no room for a mistake here. If a hedger goes long (or short)
when she should have been short (or long), she has doubled the risk. The end result will be a gain or loss twice
the amount of the gain or loss of the unhedged position. ' '

The decision of whether to go long or short 1 requlres a determmatron of which type of market move will
result in a loss in the spot market. It then requires establishing a forward or futures position that will be
profitable while the spot position is losing. Table 11.4 summarizes three methods that will correctly identify
the appropriate transaction. The first method requires that the hedger identify the worst case scenario and then
establish a forward/futures position that will proﬁt if the worst case does occur. The second method requires
taking a forward/futures position that is opposite to the current spot position. This is a simple method, but in
some cases it is difficult to identify the current spot position. The third method identifies the spot transaction -
that will be conducted when the hedge is terminated. The forward/futures transaction that will be conducted
when the hedge is terminated should be the opposite of this spot transaction. The forward/futures transaction
that should be done today should be the oppostte of the forward/futures transaction that should be done at the
termination of the hedge.

Table11.4  How to Determine Whether to Buy or Sell Forwards/Futures. When Hedging
Worst Case Scenario Method

1. Assuming that the spot and forward/futures markets move together determme whether long and short posmons in
forward/futures would be profitable if the market goes up or down.

2. What is the worst that could happen in the spot market?
a. The spotmarketgoesup. o
b. The spotmarket goes down.

3. Given your answer in 2, assume that the worst that can happen will happen:.

4. Given your answer in 3, and using your answer in 1, take a forward/futures position that will be proﬁtable

Current Spot Position Method

1. Determine whether your current position in the spot market is fong or short.

a. i you own an asset, your current position is lohg.

b. If you are short an asset, your current position is short.

¢. if you are committed to buying an asset in the future, your current position is short.
2, Take a forward/futures position that is opposite the position given by your answer in 1.

Anticipated Future Spot Transaction Method

1. Determine what type of spot transaction you wili be making when the hedge is terminated.
a. Sell an asset.
‘b.” Buy an asset.
2. Given your answer in 1, you will need to terminate a fdrward/futures position at the horizon date by doing the
opposite transaction to the one in 1, e.g., if your answer in 11is “sell,” your answer here is “buy a forward/futures.”
3. Given your answer in 2, you will need to open a forward/futures contract today by doing the opposite, e.g., if your
answer in 2 is "buy a forward/futures,” your answer here should be “sell a forward/futures.”
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Margin Requirements and Marking to Market

* Two other considerations in hedging with futures contracts are the margin requirement and the effect of
marking to market We dtscussed these factors earher but now we need to consuler theu' 1mp11cat10ns for
hedging. '

Margin requirements, as we know, are very small and virtually insignificant in relation to the size of the
position being hedged. Moreover, margin requirements for hedges are even sialler than speculative margins.
In addition, margins can sometimes be posted with risk-free securities; thus, interest on the money can still
be earned. Therefore, the initial amount of margin posted is really not a major factor in hedging.

What is important, however, is the effect of marking to market and the potential for margin calls.
Remember that the profit on a futures | transaction is supposed to offset the loss on the spot asset. At least part
of the time, there will be profits on the spot asset and losses on the futures contract. On a given day when the
futures contract generates a loss, the hedger must deposit additional ‘margin money to cover that loss. Even if
the spot position has generated a profit in excess of the loss on the futures contract, it may be impossible, or
at least inconvenient, to withdraw the profit on the spot position to cover the loss on the futures.

This is one of the major obstacles to more widespread use of futures. Because futures profits and losses
are realized immediately and spot profits and losses do not occur until the hedge is terminated, many potential
hedgers tend to weigh the losses on the futures position more heavily than the gains on the spot. They also
tend to think of hedges on an ex post rather than ex ante basis. If the hedge produced a profit on the spot
position and aloss.on the futums position, it would be apparent after the fact that the hedge was not the best
that could have been done. But this would not be known before the fact.

.- Thus, a hedger must be aware that hedging will produce both gains and losses on futures transactions and
will require periodic margin calls: The alternative to not meeting a margin call is closing the futures position.
It is tempting to do this after a streak of losses and margin calls. If the futures position is closed, however, the
hedge will no longer be in effect and the individual or firm will be exposed to the risk in the spot market,
which is greater than the risk of the hedge.

In Chapter 9, we examined the effect of marking to market on the futures price. We concluded that the
impact is fairly small. If, however, the interest earned or paid on the variation margin is not insignificant, it is
possible to take it into account when establishing the optimal number of contracts. We shall cover this topic
in a later section.

Of course, forward contracts do not entail margin requirements and marking to market, but they are
subject to credit risk. Indeed, margin requirements and marking to market are pnmanly used by futures
markets to reduce, if not effectively eliminate, credit risk.

These are several of the most important factors one must consider before initiating a hedge. As we noted
earlier, another important consideration is the size of the hedge transaction. With forward hedges, it is a fairly
simple matter to determine the appropriate size. For example, if a position of $10 million in an asset with a
horizon date in exactly 60 days is to be hedged with a forward contract, the hedger simply specifies that he
wants a forward contract covering $10 million of an asset with an expiration in 60 days. For futures contracts,
the decision is not that simple. First, as noted, the asset underlying the futures may not match the asset being
hedged. Second, even if the asset underlying the futures contract does match the asset being hedged, futures
contracts may not be available in denominations that, in multiples, would equal $10 million. For example, the
standard size could be $3 million. Third, the hedge horizon date may not correspond to the expiration date of
any of the available futures contracts. Assuming that the hedger has chosen the underlying contract, he will
need to carefully decide how many futures contracts to use to balance the risk being added by the futures
contract with the risk that he is trying to hedge. The appropriate number of futures contracts is called the
hedge ratio.
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DETERMINATION OF THE HEDGE RATIO -

The hedge ratio is the number of futures contracts one should use to hedge a particular exposure in the spot
market.* The hedge ratio should be the one in which the futures profit or loss matches the spot profit or loss.
There is no exact method of determining the hedge ratio before performing the hedge. There are, however,
several ways to estimate it. ‘ - '
The most elementary method is to take a position in the futures market equivalent in size to the position
in the spot market. For example, if you hold $10 million of the asset, you should hold futures contracts
covering $10 million. If each futures contract has a price of $80,000, you should sell 125,000 contracts. This
approach is relatively naive, because it fails to consider that the futures and spot prices might not change in
. the same proportions. In some cases, however, particularly when the asset being hedged is the same as the
asset underlying the futures contract, such a hedge ratio will be appropriate. L ,
Nevertheless, in most other cases the futures-and spot prices will change by different percentages.
Suppose we write the profit from a hedge as follows: ‘ ’ .

: ; "M=A8+ AfN;, -~ BRI , ,
where thé symbol A means change in. Thus, the profit is the change in the spot price (AS) plus the change in
the futures price (Af) multiplied by the nimber of futtires contracts (Np). A positive N; means a Jong position
and a negative'N;'means a short position. For the futures profit or loss to completely offset the spot loss or
profit, we set I1 = 0 and find the value of N;as o

Because we assume that the futures and spot prices will move in the same direction, AS and Af have the same
sign; thus, N; is negative. This example therefore is a short hedge, but the concept is equally applicable to a
long hedge, where 1 = —AS + AfN;and N would be positive.

Now we need to know the ratio AS/Af. There are several approaches to estimating this value.

Minimum Variance Hedge Ratio

The objective of a hedge—indeed, of any investment decision—is to maximize the investor’s éxpected
utility. In this book, however, we do not develop the principles of expected utility maximization. Therefore,
we shall take a much simpler approach to the hedging problem and focus-on risk minimization. The model
used here comes from the work of Johnson (1960) and Stein ¢1961). - s : T
The profit from the short hedge is’
I = AS + AfN;.
The variance of the profit is R
0} = o5+ 0Nt +2Covu5 acNs
where TR > :
o} = variance of hedged profit . - -
0% s = variance of change in the spot price. '
-+ o} = variance of change in the futures price .+ o 0

“Technically the hedge ratio is the dollar value of the futures position relative to the dollar value of the spot position. Itis
then used to determine the number of futures contracts necessary. In this book we shall let the hedge ratio refer to the
number of futures contracts. ) '

5The problem as formulated here js in terms of the profit. An alternative, and in some ways preferable, formulation is in
terms of the rate of return on the hedger’s wealth. We shall use the profit formulation here because it is more frequently:
seen in the literature.
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Cov 5 o¢ = covariance of change in the spot pricé and change in the futures price
Pas,ar = correlation of the change in the spot pnce and change in the futures price.

Recall that Cov,, asaf = OasTacP AS, AF > hence there is a direct relanonshlp between covariance and
correlation. The objective is to find the value of N, that gives the minimum value of .5 The formula for the
optimal number of futures contracts N7, is

This formula gives the number of futures contracts that will produce the lowest possible variance. In
nearly all cases, the covariance/correlation is positive so the negative sign means that:the hedger should sell
futures. If the problem were formulated as a long hedge, the sign would be positive.

You may recognize that the formula for N, is very similar to that for B from a least squares regression. In
fact, we can estimate N, by running a regression with AS as the dependent variable and Af as the independent
variable. Of course, this can give us the correct value of N; only for a historical set of data. We cannot know
the actual value of N; over an upcoming period. Extrapolanng the future from the past is nsky but at least it
is a starting point.

The effectiveness of the minimum variance hedge can be esumated by exammmg the percentage of the
risk reduced. Suppose we define hedging effectiveness as

e = Risk of unhedged position — Risk of hedged position
; ‘Risk of unhedged position

This can be written as

Thus, e nges the percentage of the unhedged nsk that the - hedge. ehmmates By subsututmg the fonnulas for
0% and Ny in the formula for e* and rearranging terms, we get -

This happens to be the formula for the coefficient of determination for the regression, which is the square of
the correlation coefficient. It indicates the percentage of the variance in: the dependent variable, AS, that is
explained by the independent variable, Af. - .

We shall see an example of the minimum variance hedge ratio in a hedging situation we examine later in
this chapter.

See Hedge Ratlos and Futumes Contracts Technical Note, in the section called “Derivation of Minimum Variance Hedge
Ratio.”
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Price Sensitivity. Hedge Ratio . . ~ SR :

" The price sensitivity hedge ratio comes from the work of Kolb and Chiang (1981). The objective here is to
determine the value of N; that will résult in minimum change in the bond portfolio’s value for a small change
in interest rates. Because the strategy is desigried for interest rate futures, we will illustrate it with reference
to a bond and a bond futures contract. ' . B : -

In order to understand the priée sensitivity formula, we must first review the concept of a bond’s
duration. Duration has several specific definitions, but genierally is used as 4 measure of price sensitivity. The
bond price, B, is the sum of the present values of each of its ¢ash’ payments-—coupon interest and principal.
These present values can be found by discounting each cash payment ata single interest rate; which is known
as the yield or sometimes yield to maturity (yg). Formally, we have ’

_y_Ch
a+ys) .
where CP, is the cash payment made at time t and will be either the coupon interest or principal. If the yield

changes, we know that the price changes inversely. An approximation to the change in price as it relates to
the change in yield is given by the formula, "

where DUR;, represents the bond’s duration and A represents the change in B or yp. Formally, the duration is
a weighted average of the time to each cash payment date and is specified in units of ‘time. There are several
versions of the concept of duration. This particular one, though often just called duration, is more precisely
identified as Macaulay’s duration, named after'one of the first economists to derive it.

Macaulay’s duration measures the timing and size of a bond’s cash flows. Bonds with high coupons and
short maturities have short durations, whereas bonds with low coupons and long maturity have long
durations. A zero coupon bond has a duration equal to its maturity, whereas a 30-year bond might have a
duration of 8 to 14 years. From the above equation, we see that duration is a measure of a bond’s price
sensitivity, with longer duration bonds being more sensitive. For comparative purposes, we can say that, for
example, a 10-year zero coupon bond has the same price sensitivity as a 30-year bond with a duration of 10.

One important variation of Macaulay’s duration is called modified duration, which measures the bond
price change, adjusted for the-level of yield: -Specifically; modified duration is expressed as

o

In all material that follows, we shall use modified duration. Although modified duration has some limitations,
it is a very useful concept in hedging. Knowing the modified duration of a bond, we can hedge. the bond’s
price sensitivity by using knowledge of the modified duration of an appropriate futures contract and trading
enough futures to offset the risk of the bond.” Now let us look at how a hedge can be designed.

7 Another potential duration measure is effective duration. The effective duration is a cash-flow-adjusted measure of risk
based on estimates of the percentage change in bond price for a given change in yield, incorporating any cash flow effects
of the given change in yield. For example, a callable bond may be called if interest rates fall, thus shortening the duration
to-zero when it is calied. o ‘ ' b
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Suppose changes in interest rates on all bonds are caused by a clidnge in a single interest rate, 1, which
can be viewed as a default-free government bond rate. Thus, when r changes, all other bond yields change.
Let B be the price of the bond held in the spot market and yj be its yield. We will assume the bond futures

contract is based on a single government bond. The futures contract has a price of f. Based upon that price, .

the remaining life of the deliverable bond at the expiration of the futures, and the coupon of the deliverable
bond, we can infer that the deliverable bond at expiration would have a yield of y; and a modified duration of
MD;. We shall refer to these as the lmphed yield and the implied modified duration of the futures.

The profit from a hc:dge is the change in value of the hedger s position as a result of achange in the rate,
r. If we are hedged, this change in value is should be zero. The formula for Ny is

. (AB) Ayf'
Ne=—|—]| = |
\ Af /| Ayg
This expression can be considerably simplified. Recall frbm the formula above that we can express modified
duration as '

'M])‘Bz;

‘ Ayg
The implied modified duration of a futures contract can be expressed in a similar manner as

Yet another version of the pnce sensmvxty hedge ratto is o:ften used in practlce It is glven as

PVBP,
PVBP, ’

=— (Yleld beta)

where PVBPy is the present value of a basis point change for the bond and is specifically defined as AB/Ayy,
which we know is —MDyB. PVBP; is the present value of a basis point change for the futures and is defined
as Af/Ay,, which is —MD{. These variables are, in effect, the change in the price of the bond or futures for
a change in the yield of Ayg or Ay;.

The yield beta is the coefficient from a regression of the bond yield on the implied yield of the futures.
In the price sensitivity formula, we assumed the bond yield changes one for one with the implied yield on the
futures. This makes the yield beta 1. The yield beta, however, is not always equal to one and the preceding

equation becomes
o« (MDg Y(B),
().
f (Mnf]fﬂy

SSee Hcdge Ratios and Futures Contracts Technical Note, in the section called “Denvanon of Pnce Sensmvxty Hedge
Ratio.”
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which is the. yield-beta-adjusted price sensitivity formula. If the hedger does not believe the bond and
futures prices will change in a one-to-one ratio, however, the yield beta actually should be estimated. In the
examples used in this chapter, we shall assume the yield beta isl.

The price sensitivity formula takes into account the volatility of the bond and futures prices. Thus, it
incorporates information from current prices rather than regressing past bond prices on past futures prices.
There are merits to both approaches, and in practice one approach sometimes may be more practical than the
other. We shall illustrate both methods in some hedging examples later in the chapter. L

There is another consideration in using the price sensitivity formula. Because it is derived from calculus, the
formula hedges against only very smail changes in interest rates. These changes must occur over a very short
period of time. Once the interest rate changes and/or a period of time elapses, the modified durations of the bond
and futures change and a new hedge ratio is required. This problem is much like the delta hedging we covered
earlier in the Black-Scholes-Merton model. It is possible that many of our bond hedges, which are over periods
of a few months at most, would not require major changes in the hedge ratio. Regardless, for our purposes here,
we shall maintain the hedge ratio at the same value as obtained from the formula under the initial conditions,
keeping in mind that the hedge will be less than perfect. If we desire a perfect hedge in practice, we would have
to make adjustments. : _ e : : . ‘

In the example developed here, the instrument being hedged is an individual ‘bond. In practice, it is often
the case that the instrument being hedged will be a bond portfolio. Thus, the value of the underlying, B, will
be the sum of the values of the component bonds. The modified duration, MDg, will be the overall modified
duration of the portfolio, which is a weighted average of the modified durations of the component bonds with
each bond’s weight given by its market value relative to the overall market value of the portfolio. The overall
yield, yg, is the overall discount rate for the portfolio that equates the present value of all of the cash flows for
the portfolio to the market value of the portfolio. It is a complex weighted average of the yields of the
component bonds. We shall not deal with how the overall yield is obtained. Any bond portfolio management
software can easily obtain this iumber, so.we shall assume that it is known. Though the price sensitivity
formula will often be used at the portfolio level, the principles underlying it are exactly the same as we
learned here for individual bonds, and its effectiveness will be just as great, if not greater.

Stock Index Futures Hedgih‘g‘fk ‘

Because the price sensitivity hedge is not applicable to stock index futures, the minimum variance hedge usually
is employed. Suppose we define AS as Srg, where 1 is the return on the stock, which is the percentage change
in price. Then we define Af as fr,, where I, is the percentage change in the price of the futures contract. Note that
this is not the return on the futures contract. Because there is no initial outlay, there is no return on a futures
contract. If we substitute Srg and fr, for AS and Af in the minimum variance formula for N7, we get

where Cov, .. is the covariance between rg and 1,, and 0% is the variance of r;. If we run a regression of the
percentage change in the spot price on the percentage change in the futures price, we obtain a regression
coefficient we can call Bs. You may recognize this concept as similar to the beta from the Capital Asset
Pricing Model. Is this the same beta? Not exactly, but since the futures contract is based on a market index,

the beta should be somewhat close. In that case, ; e
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is the minimum variance. hedge ratio for a stock index futures contract where Bs is the beta of the stock
portfolio, and B, is the beta of the futures contract.

The beta of the stock portfolio is always measured relative to some broad-based index. It is often
assumed that if the index underlying the firtures'is a broad-based index, the fuitures beta it the above equation
would be-close to 1.0 and could be effectively ignored. Ini that case, the futures beta will indeed be close to
one; it differs by only a small'interest and dividend-related adjustment. But many portfolios are not based on
broad-based market indices even though their betas are measured relative to broad-based indices. If the
hedger used a futures contract that would be a good hedging instrument for this portfolio, he would need to
know the beta of this futures contract relative to the broad-based index. Thus;:for example, a portfolio might
consist of slightly higher than average risk stocks'and have a beta of 1.15. A futures contract on a portfolio of
over-the-connter stocks might make a good hedge. Its'beta might be 1.10. Thus, the ratio 1,15/1.10 = 1.045

. would play a role in the calculation of the hedge ratio and would be quite different from the result that would
be obtatned by assuﬁung d betaof 1.0 for the futures Throughout this chapter we shall ‘assume a futures beta
of L0 -

In addition, the hedging approach described here does fiot take into account dividends on the stocks in
the portfolio. Dividends will affect the overall outcome of the transaction, but the uncertainty of dividends
over most hedge horizons is. farrly small and is: not a nsk most: portfoho managers ‘would worry about having
to hedge. .

We shall see some examples of stock mdex futures hedgmg later in the chapter

H EDGING STRATEGIES

So far we have exammed somie. basic’ pnnclples underlymg the practrce of hedgmg The next step is to
illustrate how these hedges are-exécuted. We shall ook at some examples developed from a vanety of
economic and financial environments that illustrate several hedging principles.

The examples-are divided into threé groups: foreign cutrency hedging, intermediate- and long-term
interest rate risk hedging, and stock hedging. One category is conspicuously absent from our list: hedging
short-term interest rates. Indeed, the risk associated with short-term intesest rates is one- of the: most visible
risks in the financial markets. Short-term interest rate futures contracts do exist for the _purpose of hedgmg
this type of nsk which'is la.rgely faced by corporatrons in the course of bOrmwmg ‘and1 'lendlng, and by banks
as they borrow, lend and engage in their dealership actwitres in over-the—counter derivatives. But, in reality,
the actual use of short- term interest rate futures for hedgmg purposes is relatrvely mihitnal. In the United
States, futures contracts on Federal funds and’ one-month LIBOR have relatwely low trading volume.

Eurodollar futures are wrdely traded but rarely’ used by corporations for hedging interest rate risk.
Corporations prefer the use of swaps and customized interest rate derivatives for this purpose. Banks are
heavy users of Eurodollar futures, but they do so largely to hedge the swaps and other interest rate derivatives
they use in their activities as dealers. We shall cover in Chapters 12 and 13 these instruments and their use by
corporations in hedging, and by banks in managing, their over-the-counter positions.

Forelgn Currency Hedges

Before getting into the details of foreign currency hedgmg, letus review a few concepts of foreign currency
futures ‘and forward contracts. Futures contracts aré available in given sizes, indicated by the:amount of the
foreign currency. For example, in the United States, three of the most actively traded foreign currency futures
contracts are the euro, available with a size of €125,000, the British pound, available in units of £62,500, and
the Japanese yen, available in contracts covering ¥12,500,000. Of course, a hedger can transact in only a
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whole number of futures contracts; thus, some hedges will cover slightly more or slightly less than the size
of the position being hedged. o : '

Foreign currency futures prices are stated in the-currency of the home country. Thus in the United States,
the euro futures price might be quoted as $1.05, and the British pound futures price might be $1.58. For a
single contract, this would mean that the aggregate price would be 125,000($1.05) = $131,250 for the euro
contract and 62,500($1.58) = $98,750 for the pound contract. Because of the large number of Japanese yen
in a dollar (typically over 100), the price is usually quoted without the two leading zeroes. Thus, a price of
0.8310 is really $0.008310, which is equivalent to about 120.34 yen per dollar. The aggregate contract price
would be 12,500,000 ($0.008310) = $103,875. L L :

Long Hedge with Foreign Currency Futures Recall that a long hedge with futures involves the
purchase of a futures contract. In the case of foreign currencies, a long hedger is concerned that the value of
the foreign currency will rise. An example is presented in Table 11.5. o

Here an American car dealer plans to buy 20 British sports cars. Each car costs 35,000 pounds, which
will have to be paid in the British currency. Based on the current forward rate of the pound, the dealer’s
current cost is $914,200. If, however, the pound increases in value, the cars will end up costing more. The
dealer hedges by buying futures on the pound. As the table indicates, this was a good decision because the
pound did appreciate; the cars ended up costing $1,009,400, which is $95,200 more, but the futures contracts
generated a profit of $109,656.25, which more than covered the increased cost of the cars.

Table 115 A Long Hedge with Foreign Currency Futures

Scenario: On July 1, an American auto dealer enters into a contract to purchase 20 B_riﬁsh“sé)orts cars with payment‘to be made
in British pounds on November 1. Each car will cost 35,000 pounds. The dealer is concerned that the pound will strengthen over
the next few months, causing the cars to cost more in dollars. FENE

Date _ Spot Market : ‘ Futures Market
July 1 The current exchange rate is $1.3190 per pound. December pound contract is at $1.278. )
The forward rate of the pound is $1.3060. Price per contract: 62,500($1.278) = $79,875.
Forward cost of 20 cars: 20(35,000%($1.3060) = The appropriate number of contracts is
$914,200.
265,000 115,
o Buy 11 contracts :
November 1 The spot rate is $1.442. Buy the 700,000 pounds.  * December.poind contract is'at $1.4375."
.to purchase 20 cars.

Cars. .. Price per contract: 62,500($1.4375) = 89,843.75.
, Costin dollars: 700,000($1.442) = $1,009.400. = ,

| o o " Sell 11 contracts
Analysis: The cars erided up costing $1,009,400 - $914,200 = §95200 more. ~ ~~

The profit on the futures transaction is

11($89,843.75) (sale price of futures)
-11($79,875) {purchase price of futures) -
$109,656.25  (profit on futures). Lo

The profit on the futures more than offsets the higher cost of the cars, leaving.a net gain-of $109,656.25 — $95,200 = 4,456.25.
The dealer effectively paid $1,009.400 —$109,656.25 = $899,743.75 far the 20 cars. - - : S e e

As long as the pound spot andfutures rates move Ainét;he samedarecnon, the hedge,ﬁﬂ be successful in
reducing some of the loss.in the spot market. Had the pound weakened, there would have been a loss in.the

r1

futures market that would have offset some or all of the gain in the spot market.
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This transaction was executed in the futures market. Remember that futures contracts have standardized
terms and provide a guarantee against default on the part of the other party. Forward contracts permit the
parties 10 customize the terms.of the contract. This transaction, however, would not be large-enough to justify
a forward contract, In the neigt example we shall execute the hedge in the forward market. \

Short Hedge with Foreign Currency Forwards A short hedge is a commitment to sell a currency
using futures or forwards and i§ designed to protect against a'decrease in the foreign currency’s value. In
Table 11.6 we have a situation in which a multinational firm has 10 million pounds that it will convert at a
latér date. A transaction of this size can often be better éxecuted with a customized forward contract. In
addition, when the amount of exposure is large, the basis risk of a futures contract may be a risk not worth
bearing. In this example the customer is long pounds and is exposed to the risk of the pound weakening. To
protect against this risk, it sells a forward contract on the exact number of pounds it will convert, with the

contract expiring on the day of conversion. This a}lOWs the firm to convert the pounds to dollars by simply
delivering them to the dealer on the opposite side of the forward contract. As the table indicates, the pound
did depreciate, which would have caused a loss of $1,195,000. Instead the firm locked in the rate on the day

it entered into :thé"quj’v‘;lvafd contract. L o ‘ ‘
In Chapter 12, we shall return to the subject of foreign currency hedging, when we learn about currency
swaps. For now, let us tumn to the hedging of intermediate- and long-term interest rate risk.

" Table 11.6 A Short Hedge with Foreign Currency Forwards”
Scenario: On June 29, a multinational firm with a British subsidiary decides it lwi{ll need to transfer 10 million pounds from an
account in London to an account with a New York bank. Transfer will be made on September 28. The firm is concerned that over

the next two months the pound will weaken. -

Date Spot Market o - Forward Market

June 29 ~The current exchange rate is $1.362 per pound. Seit pourids forward for delivery on Septembe 28
The forward rate of the pound is $1.357. ' at $1.357. o
Forward value of funds: 10,000,000(61.357)= = = =~
~ $13570000. P ‘
September 28  The spot rate is $1.2375. ' " Deliver pounds and receive 10,000,000($1.357) =
- $13,570,000. '

Analysis: The pounds ehd up worth $13,570,000 — $12,375,000 = $1,195,000 less but are delivered on the forward contract
for $13,570,000, thus completely eliminating the risk. Had the transaction not been done, the firm would have converted the
pounds at the spot rate of $1.2375.

Intermediate- and Long-Term Interest Rate Hedges

The risk associated with intermediate- and long-term interest, rates is typically faced by bond portfolio
managers, who are responsible for current and anticipated positions in bonds. These bonds can be those
issued by govarnments or corporations. The interest rate futures markets in most countries are extremely
active and are widely used by bond portfolio managers to hedge the risk associated with interest rate changes.
Most of these futures contracts are based on federal government bonds, which are usually more actively
traded than corporate or non-federal government bonds. We should note that many risks related to corporate,
state, and non-federal government bonds are a function of changes in perceptions of credit quality. The hedging
of credit risk is addressed in Chapter 15. : ' :

* - We now turn to-a look-at some examples of bond-portfolio hedging, employing the U.S.- Treasury note
and bond contracts of the Chicago Board of Trade. Treasufy note and bond contracts on the Chicago Board
of Trade are virtually identical except that there are three T-note contracts that are based on 2-year, 5-year,
and 10-year matdrities whereas the T-bond contract is based-on Treasury bonds with maturifies of at least 15
years that are not calldble for at ledst 15 years. Thus, the Tenote ebntracts are intermediate-term interest rate
futures contracts and the T-bond contrdct is 4 long-term: interest rate futures contract. Other than the
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difference in maturity of the underlying instruments and the margin requireme_nts,_the contract terms are
_essentially identical. ; ’ .

As discussed in Chapter 10, the T-bond contract is based on the assumption that the underlying bond
has a coupon rate of 6 percent and, as mentioned, a maturity or call date of not less than 15 years. The
specific coupon requirement is not restrictive, however; the CBOT permits delivery of bonds with other
coupon rates, with an appropriate adjustment (recall the conversion factor) made to the price received for the
bonds. There are many different bond issues eligible for delivery on a given contract. - : .

Recall that T-bond futures prices are quoted in dollars and thirty-seconds of par value of $100. For
example, a futures price of 93-14 is 93 14/32, 0r'93.4375. The face value of T-bonds underlying the contract
is $100,000; therefore, a price of 93.4375 is actually $93,437.50. Expiration months are March, June,
September, and December, extending out about two years. The last trading day is the business day prior to the
last seven days of the expiration month. The first delivery day is the first business day of the month.: '

DERIVATIVES TOOLS

Concepts, Apblicétions, and Extensions
Hedging Contingent Foreign Currency Risk

In this chaptér we are learning how to use forward and futures contracts to hedge. If the hedger
wants to receive the benefits of favorable movements in the underlying, options can be used. We
saw an example of this type of strategy in Chapter 6 with the use of covered calls and protective puts.

There is one particular situation in which curréncy ‘options can be particularly vatuable: the
hedging of contingent foreign currency risk. This scenario occurs when a party anticipates the
possibility—but is not certain—of a future position in a foreign currency. R

For example, suppose an Ametican firm is bidding for a contract to construct a sports complex
in London. The bid must be submitted in British pounds. The firm plans to make a bid of £25
million. At the forward exchange rate of $1.437, the bid in dollars is equivalent to £25,000,000

($1.437) = $35,925,000. Once the bid is submitted, the firm must bé prepared to accept £25
million if the bid is successful. Because it is an American firm, it will convert the pounds into
dollars at whatever rate prevails on the date payment is made. If the pound weakens, the firm will
effectively receive fewer doltars. To simplify thie example somewhat, we shall assume the payment
will be madé as soon as the decision is made as to which firm is awarded the construction
contract. - o e e B o

Consider the possibility of a forward or futures hedge in comparison to the ptirchase of aputon
the pound. For discussion puirposes, we shall refér only to the forward and put hedges. "

If the bid is successful and the pound increases, the firm will receive the pounds, which now are”
valued at more' dollars per pound.: The forward hedge will, however, reduce this gain, because the
hedge will be a short position. If the option is used, the put will expire worthless. ' : :

If the bid is successful and the pound decreases, the forward hedge will reduce the loss caused by
the dedcline in the pound's value. The option will, however, also reduce the loss on the pound.

If the bid is unsuccessful and the pound increases, the forward hedge will result in a'potentially
large speculative loss. This is because the firm will not receive the pounds if the bid fails but will
have a short position in a forward contract. If the option hedge is used, the put will expire worthless.
The firm will have lost money— the premium on the put—but the amount lost is likely to be less
than it would have been with the forward hedge. S _ ' ‘

If the bid is unsuccessful and the pound decreases, the forward hedge will result in'a potentially
large speculative profit, because the firm will be short forward and will not receive the pounds-as a
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* result of the failure t6 win the bid: If the option hédge is Used, the put's exercise will also result in a
potentially large profit on the put. ‘ '

| “The option hedge is most beneficial when the'bid is unsuccessful. Because the firm does not

receive the pounds, the forward position generates a potentially large profit or loss. The option,

however, can generate a large profit if the pound declines; if the pound rises, the loss will be

' limited to the premium. ' Of colirse; the option hedge requires payment. of the option premium,

while the forward hedge might require collateral. Neither type of hedge dominates the other, but
‘each has tsmerits. -~ - - ; T o ;

Let us now look at this specific hedge. The firm needs to hedge the anticipated receipt of £25
million.- We shall-assume it uses either forwards or over-the-counter put options. The forward
price is $1:424 and the option premium is $0.025: Thus, the option will. cost £25,000,000 ($0.025)
= $625,000..The forward contract locks in £25,000,000($1.424) = $35,600,000. We can assume that
the option or forward expires on the date on which the outcome of the bid is determined and that

. on that date the firm either receives the cash payment of £25 million or not.

For the case in which the bid is successful, either hedge works fairly well. The option hedge is
like a protective put, which benefits from a strong pound and which has limited losses from a weak
pound. The forward hedge locks in $35,600,000 regardless of the value of the pound. If the firm
does not hedge, note that the overall value moves one-for-one with the value of the pound.

For the case in which the bid is unsuccessful, the forward hedge leaves the firm highly exposed,
with the potential for a rather substantial loss. In the option hedge; the most the firm can lose is

- the option premium of $625,000, but it can gain if the pound decreases, even though it did not win
the bid. . - _ )

Of course, the firm could choose not to bid, but this is unlikely because bidding on contracts is
the nature of the construction business. The firm could choose not to hedge, but it could win the
bid and earn a much smaller profit or even a loss if the pound falls significantly. The option hedge
provides an alternative that will be attractive to some firms, while the forward hedge will be better
for others. The differences in their expectations and willingness to take exchange rate risk will
determine whether they use options or forwards. :

Hedging a Long Position in a Government Bond Portfolio managers constantly face decisions about
‘when to buy and sell securities. In some cases, such decisions are automatic. Securities are sold at certain times to
,generate cash for meeting obligations, such as pension payments. Copsider the following example. :
On February 25, a portfolio manager holds $1 million face value of government bonds with a.coupon
-of 11 7/8 percent and maturing in about 25 years. The bond currently is priced at 101 per $100 par value,
‘and the yield is }1.74 percent. The modified duration is 7,83 years. The bond will be sold on. March 28 to
‘generate cash to meet an obligation.” - . , ‘ I ,
: The portfolio manager is concerned that interest rates will increase, resulting in a lower bond price and
the possibility that the proceeds from the bond’s sale will be inadequate for meeting the obligation. The
manager knows that if interest rates increase, a short futures position will yield a profit that can offset at
‘least part of any decrease in the bond’s value. Since this is a government bond, the Treasury bond futures

contract should be used.’®

“In actual situations a portfolio mamiger would hold a diveféiﬁo;d portfolio of bonds. If the intention were to hedge the
-entire portfolio, the hedge ratio would be based on the overall portfolio value, yield, and duration. We assume the
. -manager needs approximately $1 million of cash on March 28 and will sell only this bond to generate the cash.

"*Technically, the accrued interest would be a component of the outcome of this strategy, but it is not subject to any
uncertainty so we leave it out of the hedging examples.
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Table 11.7 presents the results of the hedge. The manager will use the June T-bond futures contract.
Using the price sensitivity hedge ratio, the manager determines that he should sell 16 contracts. When the
bonds were sold on March 28 they generated a loss of over $53,000. The futures transaction produced a
profit of over $60,000. Thus, the hedge eliminated all the loss and even produced a gain. Had bond prices
moved up, the futures price would have increased and the futures transaction would have generated a loss
that would have reduced or perhaps eliminated all of the increase in the value of the bonds.

This short hedge represents one of the most common hedging applications, and we shall see a slight
variation of it later when we examine stock index futures hedging. This hedge is applicable to many firms and
institutions, such as banks, insurance companies, pension funds, and mutiial fands. - Y R
Table 11.7  Hedginga Long Position in a-Government Bond -

Scenario: On February 25, a portfolio managér holds $1 million face vaiue of a government b,or,;d; the 11 7/85, which mature in

about 25 years. The bond is currently priced at 101 and has a modified duration of 7.83. The manager will sell the bond on March
28 to generate cash to meet an obligation.

Date Spot Market ' Futures Market

February25  The current price of the bonds is 101. ‘ -~ June T-bond futures is at 70 16/32.

Value of position: $1,010,000. B Price per contract: $70,500.

The short end of the term structure is flat, so this is The futures price and the characteristics of the

the forward price of the bonds in March. deliverable bond imply a modified duration of 7.20. -

, Appropriate number of contracts: o
N __[7.83)(1,010,000
(720 )X 70,500
=—-15.6.
. Sell 16 contracts

March 28 The bands are sold at the current price June T-bond futures is at 66 22/32.

of 95 22/32. : Price per contract: $66,718.75.

This is a price of $956.875 per bond. Buy 16 contracts

Value of position: $956,8753." ‘

Analysis: When the $1 million face value bonds are sold on March 28, they are worth $956,875; avl_ovssv in value of $1,010,000 — :
$956,875 = $53,125. . L T .

The profit on the futures transaction is
116($70,500) (sale price of futures)
— 16(366,718.75) (purchase price of futures)
$60,500 (profit on futures).

Thus, the hedge eliminated the entire loss in value and resulted in an overall gain in value of $60,500 — $53,125 = $7,375.

Anticipatory Hedge of a Future Purchase of a Treasury Note - Previously we saw how one could
hedge the future purchase of a Treasury bond. In this example, we do the same with a Treasury note. - ’

Suppose that on March 29, a portfolio manager determines that approximately $1 million will be available
on July 15. The manager decides to purchase the 11 5/8 Treasury notes maturing in about nine years. The
forward price of the notes is 97 28/32, or $978,750, for $1 million face value. This price implies a forward
yield of 12.02 percent, If yields decline, the notes’ price will increase and the manager may be unable to make
the purchase. If this happens, a profit could: have: been made by purchasing futures contracts. Because the
Treasury note futures.contract is quite liquid, the manage decides to-buy T-note futures. Because.the hedge is
to be terminated on July 15, the September contract is appropriate. The results are presented in Table 11.8.
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- When the bonds are ultimately purchased, they end up costing over $97,000 more, but the futures
transaction generated a profit of over $82,000. Thus, the effective purchase price is actually about $15,000
higher and gives an effective yield of 11.75 percent, which is reasonably close to the target forward yield of
12.02 percent. - - . - . : ' o

Had bond prices moved down, the hedger would have regretted doing the hedge. The notes would have
cost less, but this would have been offset by a loss on the futures contract. Once again, this is the price of
hedging—forgoing gains to limit losses.. : IR

Hedging a Corporate Bond Issue. . One intexesting application of an interest rate futures hedge occurs
when a firm decides to issue bonds at a future date. There is an interim period during which the firm prepares the
necessary paperwork and works out an underwriting arrangement for distributing the bonds. During that period,
interest rates could increase so that when the bonds ultimately are issued, they will command a higher yield. This
will be more costly to the issuer. ’ : o

Table 11.8 Anticipatory Hedge of a Future Purchase of a Treasury Note

Scenario: On March 29, a portfolio manager determines that appmximatefy’$,1 mi[lidn willbe available for investment on July 15.
The manager plans to purchase the 11 5/8s Treasury notes maturing in about nine Yyears, which have a modified duration of 5.6.

Date S Spot Market . Futures Market
March 29 The forward price of notes is 97 28/32. September T-note futures are at 78 21/32.
Current forward value of notes: $978,750. Price per contract: $78,656.25.
This implies a yield of 12.02 percent. The futures price and the characteristics of the

deliverable bond imply a modified duration of 6.2.
Appropriate number of contracts:

978,750 }f 5.6
Ng=— _.__._$ — |=11.24.
$78,656.25 J\ 6.2

Buy 11 co)itracts

July1s - The notes are purchased at their current price September T-note futures is at 86 6/32.
' of 107 19/32. R ~ Y Price per contract: $86,187.50.
This is a price of $1,075.9375 per note. Sell 11 contracts

Value of position: $1,075,937.50.

Analysis: When the $1 million face value notes are purchased on July 15, they cost $1,075,937.50, an increased cost of
$1,075,937.50 — $978,750 = $97,187.50. The yield at this price is 10,31 percent.

The profit on the futures transaction is
11{$86,187.50). (sale price.of futures)
— 11($78,656.25) (purchase price of futures)
$82,843.75 (profit on futures).

Thus, the hedgs offset about 85 percent of the'incredsed cost. Thé- effective.purchase price of the notes is
$1,075,937.50 — $82,843.75 = $993,093,75, which is an effective yield of 11:75 percent.. -

Consider the following example. On February 24, a corporation decides to issue $5 million face value of
bonds on May 24. As a standard of comparison, the firm currently has a bond issue outstanding with a coupon
of 9 3/8 percent, a yield of 13.76 percenit, and'a maturity of about:21 years. Any new bonds issued will require
a similar-yield: Thus, the firm expects that when thé bonds are issued in May, the coupon would be set at
13.76 percent, so the bonds would go out at par: - . R ’ -

i
1

i
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If rates increase, the firm will have to discount the-bonds or adjust the coupon upward to the new market
yield. We shall assume that the coupon is fixed so that the price will decrease. In either case; the firm will
incur a loss. The firm realizes that if rates increase, it can:make a profit from a short transaction in futures.
Thus, it decides to hedge the issue by selling futures contracts. oo ’ ‘ g

There is no corporate bond futures contract, so the hedger chooses the Treasury bond futures contract.
Because the hedge will be closed on May 24, the June contriict is chosen. o

The hedge is illustrated in Table 11.9: Using the pricé ‘sensitivity hedge ratio, the firm'sells 67 futures
contracts. When the bonds are ultimately issued, the yield is 15.25 percent. This results in‘a loss of over
$460,000 on the bonds, but the futures transaction made-over $500,000. The firm made & fiet gain of about
$44,000. The futures profit can be added to the proceeds from the bond of about $4.5 million s as to infer an
effective issue price of slightly more than $5 million. This sets the effective yield ‘on the bonds at 13.63
percent, which is quite close to the target of 13.76 percent.

Table 119  Hedging a Corporate Bond Issue

Scenario: On February 24, a corporation decides to issue $5 million of bonds on May 24. The firm currently has outstanding -
comparable bonds with a.coupon of 9 3/8, a yield of 13,76 percent, and a maturity of about 21 years. The firm anticipates that
if conditions do not change, the bonds when issued in May will be issued with 2 13.76 percent coupon and be priced at par

with a 20-year maturity and a modified duration of 7.22. . . . B L ‘ A

ST

Date ' ’7 Spét Market =~ © 7 Futures Market
February 24 If issued in May, it is expected that the borids would . . June T-bond futures are at 68 11/32.
offer a coupon of 13.76 percent and be priced at Price per contract: $68,343.75.
par with a modified duration of 7.22, . . .The futures price and the characteristics of the
Value of position: $5,000,000. ; 7 deliverable bond imply a modified duration
» e S - T ““'0f7.88 and a yield of 13.60 percent.
*' Appsrapriate hember of contracts:
N oL _7__%2‘ S,MCXDL
T \Tes)\e3aTs)
L =l670. -
| o o | sell67 contracts
May 24 The yield on comparable bonds is 15.25 percent. " June T-bond futures is at 60 25/32.
" The bonds are issued with a 13.76 percent coupon **'~'Price per contract: $60,781.25.
at a price of 90.74638. L ‘

© Buy 67 contracts
Price per bond: $907.46. = =" oo :
Value of bonds: $4,537,319. ) . o e :
Analysis: When the $5 million face value bonds are issued on May 24, they are worth $4,537,319, a loss'in value of $5,000,000 —
$4,537,319 = $462,681. The yield at this price'is 15.25 percent. (Note: Altematively, if the bonds actually were issued at par with
the coupon set at the yield on May 24.of 15.25 percent, the fim would receive the full $5,000,000 but the present value of its
increased interest cost would be $462,681.) . A o - : -

The profit on the futures transaction is
67($68,343.75) (sale price of futures)
~ 67(860,781.25) ‘[puirchase price of futures)
$506,687.50 (profit on futures).

Thus, the hedge offset more than all of the increased cost and left a net gain of $506,687.50 — $462,681 = $44,006.50, The N
effective issue price of the bonds is $4,537,319 + $506,687.50 = $5,044,006.50, which is an effective yield of 13.63 percent.
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- Had interest rates declined, the firm would have obtained a higher-price for ‘the ‘bonds; however, this
would have been at least partially offset by a loss on the futures-transaction. By executing the hedge, the firm
was able to protect itself against an interest rate change while preparing the issue. In a similar vein,
investment bankers might do this type of hedge. An investment banker purchases the bonds from the firm and
then resells them to investors. Between the time the bonds are purchased and resold, the investment banker
is exposed to the risk that bond yields will increase.!" Therefore,a short hedge such as this would be
appropriate. Many investment banking firms have been able to protect themselves against large losses by
hedging with interest rate futares. . . - ~ :

Forward contracts are less commonly used than futures to hedge the risk associated witly intermediate-
and long-term securities. The futures markets have developed a niche in meeting the hedging needs of parties
bearing this kind of risk. . S o ,

Stock Market Hedges Stock index futures have been one of the spectacular success stories of the financial
markets. These cash-settled contracts are based on stocks. Investors use them to hedge positions in stock, speculate
on the direction of the stock market in general, and arbitrage the contracts against comparable combinations of

Stock index futures contracts are based on indices of common stocks. The most widely traded contract
in the United States is the S&P 500 futures at the Chicago Mercantilé Exchange. The futures price is quoted
in the same manner as the index. The futures contract, however, has an implicit multiplier of $250. Thus, if
the futures price is 1,300, the actual price is 1,300($250) = $325,000. At expiration, the settlement price is
set at the price of the S&P 500 index and the contract is settled in cash. The expirations are March, June,
September, and December. The last trading day is the Thursday before the third Friday of the expiration
month. ‘ o S :

Several of the hedging examples illustrated with T-note and T-bond futures are similar to stock index
futures hedges where a firm attempts to hedge a long position in a security or portfolio. The first example we
shall consider is the hedge of a stock portfolio.

Stock Portfollo Hedge A central tenet of modern investment theory is that diversification eliminates
unsystematic risk, leaving only systematic risk. Until the creation of stock index futures, investors had to accept the
fact that systematic risk could not be eliminated. Now investors can use stock index futures to hedge the systematic
risk. But should they do that? If all systematic and unsystematic risk is eliminated, the portfolio can expect to earn
only the risk-free return. Why not just buy risk-free bonds? The answer is that investors occasionally wish fo
change or eliminate systematic risk for brief periods. During times of unusual volatility in the market, they can use
stock index futures to adjust or eliminate the systematic risk. This is much easier and less costly than adjusting the
relative proportions invested in each stock. Later the portfolio manager can close-out the futures position, and the
portfolio systematic risk will be back at its original level. roo
Consider a portfolio manager who on March 31 is concerned about the market over the period ending
July 27. The portfolio has accumulated an impressive profit, and the manager would like to protect the
portfolio value over this time period. The manager knows that the portfolio is exposed to a loss in value
 resulting from a decline in the market as a whole, the systematic risk effect, as well as losses resulting from
the unsystematic risk of the individual stocks. Although the portfolio contains only eight stocks, the manager
is not particularly worried about the unsystematic risk. The manager knows that the systematic risk can be
hedged by using S&P 500 stock index futures, specifically the September contract, which we shall assume
has a beta of 1.0. L

"nvestment bankers do employ other means of minimizing their risk exposure. The use of a syndicate, in which a large
number of investment bankers individually take a small portion of the issue, spreads out the risk. Many issues are taken
on a “best efforts” basis. This allows the investment banker to return the securities to the issuing firm if market conditions
make the sale of the securities impossible without substantial price concessions.
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The results are shown in Table 11.10. The portfolio beta, which reflects the influence of the market as
a whole on a stock or pertfolio, is a weighted average of the betas of the component stocks, where each
weight of a given stock is the market value of that stock divided by the total market value of the portfolio.

Table 11.10  Stock Portfolio Hedge
Scenario: On March 31, a portfolio manager is concerned about the market over the next four months. The portfolio has

accumulated an impressive profit, which the manager wishes to protect over the period ending July 27. The prices, number of
shares, and betas are given below: St emer e oo » St R

Stock - Price (3/31) ) "Nurhbgrof%are’%’ - MarketValue’~ ~ Weéight - Beta
Federal Mogul 18.875 o 1800 $339,750 . 0044 . . 100
Lockheed Martin 73.500 . 16000 - 1,176,000 0.152 0.80
IBM 50.875 7,000 356,125 - 0.046" 0.50
US West 43.625 . 10800 0 471,150: - 0.081 070
Bausch & Lomb 54.250 . .21,000 ¢ 1,139,250 0147 1.10
First Union 47.750 .. 28800 1,375,200 0178 . 1.10
Walt Disney © 44.500 ' 25000 C 1,112,500 0.144 1.40
Tesoro 52.875 ST 33,200 : 1,755,450 0.227 1.20
 $7,725425 ~1.000
Portfolio beta: v e e

0.044(1.00) + 0.152(0.80) + 0.044(0.50) + 0.041(0.70) 4

S&P 500 September futures contract (assumed to have a beta of 1.0}
Price on March 31: 1305~ S EEE
Multiplier: $250 i R
Price of one contract: $250(1305) = $326,250. . ..

Optimal number of futures contracts: - .. L

7,725,42 )
. ,MF,:--:] 06(—1*2—?—-—5;)=7‘25.10. e

+ 0.14701.10) + 0.178(1.10) + 0.144(1.40) + 0.22701.20) = 1.06.

Sell 25 contracts T L C
Stock Price (7/27) ' - Market Value - -
Federal Mogul s, sw9:s0
Lockheed Martin 81500 1,304,000
IBM 43.875 307,125
US West 47125 T .508,950
Bausch & Lomb 45.875 . 963375
First Union 48125 1,386,000 °
Walt Disney 40.000 © 1,000,000
Tesoro 50.000 1,660,000
’ $7,518,700

Results: The values of the stocks on July 27 are shown ,}Below:
S&P 500 September futures contract: ‘

Price on July 27: 1,295.40 -

Multiplier: $250 o ‘ .

Price of one contract: $250(1,295.40) = $323,850.
Buy 25 contracts 4

Analysis: The market value of the stocks declined by $7,725,425 ~ $7.518,700 = $206,725, a loss of 2.68 percent.
The futures profit was o - k ’ R

25($326,250) (sale price of futures)
~25($323,850) (purchase price of futures).
' "$60,000 (profit on futares). - ; R
Thus, the overall loss on the stocks was effectively reduced to $206,725  $60,000 = $144,725, a loss of 1:90 pércent.
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This gives a portfolio beta of 1.06. Using the ‘minimum variance hedge ratio results in the sale of 25
contracts: On July 27, the portfolio has declined in value by over $200,000, a loss: of:2.68 percent. The
futures transaction, however, generated a profit of $60,000, which reduced the effective loss to only 1.90
percent. ‘ :

The objective of the hedge was to eliminate systematic risk. Clearly systematic risk was reduced but not
eliminated. The stock portfolio valug declined about 2.68 percent while the futures price decreased a little
over 1 percent. The hedge certainly helped but was far from perfect. There are several possible explanations
for this result. One is that the betas are an estimate taken from a popular investment advisory service. Beta
estimates over the recent past have not necessarily been stable. It is also possible that the portfolio was not
sufficiently diversified and some unsystematic risk contributed to the loss. Some of the stocks may have paid
dividends during the hedge period. We did not account for these dividends in illustrating the hedge results.
Dividends would have reduced the loss on the portfolio and made the hedge more effective. ;

Had the market moved up, the portfolio would have shown a profit, but this would have been at least
partiaily offset by a loss on ﬂle‘fqtgres transaction. In either outcome, however, the portfolio manager would
have been reasonably successful in capturing at least some of the accumulated profit on the portfolio.

Anticipatory Hedge of a Takeover or Acquisition The exciting world of takeovers and acquisitions
offers an excellent opportunity to apply hedging concepts. The acquiring firm identifies a-target firm and intends
to make a bid for the latter’s stock. Typically the acqyiring firm plans to purchase enough stock to obtain control.
Because of the large amount of stock usually involved and the speed with which takeover rumors travel, the
acquiring firm frequently makes a series of smaller purchases until it has accumulated sufficient shares to obtain
control. During the period in which the acquiring firm is slowly.and quietly buying the stock, it is exposed to the
risk that stock prices in general will increase. This means that either the shares will cost more or fewer shares can
be purchased. :

Consider the following situation. On July 15; a firm has identified Helix Technology Corporation as a
potential acquisition.'? Helix stock currently is selling for $26.50 and has a beta of 1.80. The acquiring firm
plans to buy 100,000 shares, which will cost $2.65 million. The purchase will be made on August, 15. This
could be viewed as one purchase in a series of purchases designed to ultimately acquire controlling interest
in the target firm. The acquiring firm realizes that if stock prices as a whole increase, the shares will be more
expensive. If the firm purchases stock index futures, howgyér;‘ﬁny general increase in stock prices. will lead
to a profit in the futures market. o

Because the hedge will be terminated on August 15, the acquiring firm chooses to buy September S&P
500 futures. Table 11.11 shows the results of the hedge. On August 15, the Helix stock price is $28.75. The
shares thus cost an additional $225,000." The profit on the futures transaction, however, was $250,125. Thus,
the effective cost of the shares is $26.25. R ,

The hedge was successful in reducing some of the additional cost of the shares; however, the
unsystematic risk cannot be hedged. In takeover situations, the unsystematic risk is likely to be very high. For
example, if word leaks out that someone is buying up the stock, the price will tend to rise substantially. This
can occur even if the market as a whole is going down. Also, federal regulations require that certain takeover
attempts be announced beforehand. If there were options or futures on the target firm’s stock, however, the
acquiring firm could use these to hedge the unsystematic risk. =~ ' '

The takeover game is intense and exciting, with high risk and the potential for large profits. Stock index
futures can play an important role, but the extent to which futures are used to hedge this kind of risk is not
known, because much of this kind of activity is done with a minimum of publicity.

The choice of Helix is merely for illustrative purposes. Helix is not known to be a takeover target as of this writing.
“It is unlikely that all of the 100,000 shares could have been purchased at the same price. Therefore, we should treat
$28.75 as the average price at which the shares were acquired. . ‘
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Table 11.11  Anticipatory Hedge of a Takeover

Scenario: 6n Jhly ]5, a ﬁnﬁ has decided to begin,buying up shares of Helii Techndiogy ‘Corporation with the ql’;imété objective of
obtaining controlling interest. The acquisition will be made by purchasing lots of about 100,000 shares until sufficient control is
obtained. The first purchase of 100,000 shares will take place on August 15. The stock is currently worth $26.50 and has a beta
of 1.80. ‘ : -7 S :

Date _ spotMarket

Futures Market

July 15 Current price of the stock is:26.50. . -« -

September S&P 500 futures is at 1,260.50.

Current cost of shares: 100,000(824.50) = $2,6450,000. - Price per contract: $315,125.
~ The beta is 1.80. ST ... - Approximate number of contracts:

2,650,000
Ng =—1.8[—-@—— =-15.14,
315,125

Since it should buy futures, ignore the negative sign.
. Co ’ © - "Buy 15 contracts S
August15 . The stock is purchased atits curent price of 28.75.- “September S&P 500 futures is at 1,327.20.
Cost of shares: 100,000($28:75) = $2,875,000. . - -Price: per contract: $331,800. ,
Sell 15 contracts

Analysis: When the 100,000 shares are purchased on August 15, they.cost $2,875,000, arf additional $225,000.

The profit on the futures transaction is. .

15(8331,800) (sale price of futures)
—15($315,125) (purchase price of futures
$250,125  (profit on futures).

Thus, the hedge eliminated all of the additional cost and left a small gain. The shares end up effectively costing ($2,875,000 —
- $250,125)/100,000 = 26.25. - S . Gt . : e .

The takeover example is but one type of situation wherein a firm can use a long hedge with stock index
futures. Any time someone is considering buying a stock, there is the risk that the stock price will increase
before the purchase is made. Stock index futures cannot hedge the risk that factors specific to the company
will drive up the stock price, but they can be used to:protect against increases in the market as a whole.

* Forward markets for stocks and stock indices ate not widely used. As we shall see in Chapter 12,
however, swaps, which are closely related to forward contracts, are popular tools for controlling stock
market risk. We turn now to explore various spread strategies.- Hedging strategies are focused on risk
reduction, whereas spread strategies are typically focused on revenue enhancement with some incremental
increase in risk. T : Y ,

SPREAD STRATEGIES

We turn now to selected spread strategies. Spread strategies are similar to hedge strategies in that there are
two positions with one intended to offset or partially offset the risk of the other. In the case of 4 hedge, one
position is in the underlying and one is in futures. In the case of a spread, both positions are in the futures.
Two forms of spread strategies are reviewed, intramarket spreads and intermarket spreads. Intramarket
spreads involve going long and short futures contracts on the same underlying instruments, whereas
intermarket spreads involve going long and short futures contracts on different underlying instruments.
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Spread strategies are very important to the liquidity of various futures contracts. Hedgers often have
specific contracts and specific maturities required to achieve their hedging objectives. When arbitrage is
feasible, arbitrage traders can provide the necessary liquidity to support hedging demand. Recall that
arbitrage trading requires that the risk acquired is offset in a related instrument, often the underlying.
Arbitrageurs may not be able to execute transactions in the underlying with sufficient volume. Arbitrages
may be able to achieve their desired result with other futures contracts, resulting in spread strategies.
Speculative -traders and other market participants often use spread strategies to achieve their desired
objectives. This additional trading activity often provides liquidity to support hedging demand. Speculators
are very careful in their assessment of relative value, and for a sufficient risk premium, will be induced to take
positions. We explore, first, selected intramarket spreads, and then turn our attention to selected intermarket
spreads. o ) '

Intramarket Spreads |

Intramarket spread trading activities .adcl”.}i_qmdity to the market, thereby making hedging activities less
costly. We focus first on generic futures spreads using the carry arbitrage model, and then illustrate
intramarket spreads using Treasury bond futures contracts and stock indéx futurés contracts.

Generic Intramarket Futures Spreads - We explore first the. behavior of generic futures contracts. Recall
from Chapter 9 that the futures price was established as the spot price plus the cost of carry. Now consider two
~ futures contracts with different expirations, times T, and T,. The longer-term contract has a futures price of f(2),

equal to S, + 8, and the shorter-term contract has a futures price of fy(1), equal to S + 6. Subtracting the two,
we obtain ' ’

f3(2) — (1) =08y, — 8,

This equation defines the spread between futures prices. The spread between the nearby and deferred
contracts is the difference in their respective costs of carry. The term 8, 2 — 8, is the cost of the carry for the
time interval between T, and T,, observed at time 0, based on the carry arbitrage relationship, f(T,) = S, +
891 = 1,2. Therefore, the profit- from a spread trade can be expressed as the profit on the two positions.
Assuming we are long the T, contract and short the T, contract, the profit is :

which is the difference between the.change in: carry costs of contracts 2 and 1. Based on this result, the risk
and opportunities related to spread trading depend solely‘on changes in carry costs overtime, -
Successful spread trading will depend on successfully predicting changes in carry costs. Figure 11.2
illustrates the change in the spread based on a simulation of changes in carry costs.!* Two cases are
presented, one where carry costs are simulated to increase and the other where carry costs are simulated
to decrease. We see that profitable spread trading strategies exist if one can réasotiably predict changes
in carry costs. If carry costs are expected to increase, then the trader should go long the more distant
futures contract, T,, and go 'short the nearby futures contract T,. If carry costs are expected to decrease,
then the trader should go short the more distant futures contract, T,, and go long the nearby futures
contract T,. S T S - o

A generic carry arbitrage model is assumed with carry costs following geometric Brownian motion with mean of plus
or minus 25 percent and a standard deviation of 10 percent.
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Treasury Bond Futures Spreads Recall that Treasury bond futures contracts had several complicating
issues, including the application of conversion factors and the question of whichi bond is the cheapest-to-deliver.
Therefore, Treasury bond spread trading has some additional risks.

Treasury bond futures contracts are quoted in 32nds, hence the prices ‘will exhibit jumps for each 32nd
difference. Figure 11.3 illustrates the spread between the December and September futures contract. At the
time this graph was produced, short-term interest rates were lower than the yield on U.S. Treasury bonds;
therefore, U.S. Treasury bond futures contracts exhibited negative carry and hence the spread was pegative.
Figure 11.4 illustrates short-term interest rates for this same period, indicating that interest tates are an
important component of carrying costs. There appears a general relationship between short-terin interest rates
and Treasury bond futures spreads. N D S
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FIGURE 11

Table 11.12 presents an example of a simple spread taken in anticipation of changes in interest rates
in the T-bond market. The trader goes short the September contract and long the December in the hope

Table11.12  ATreasury Bond Futures Spread :

Scenario: it is July 6. Interest rates have steadily risen over the last six months. The yield on long-term government bonds is
13.54 percent. A Treasury bond futures floor trader anticipates that rates will continue upward; however, the economy remains
healthy and there are no indications that the Fed will tighten the money supply, which would drive rates further upward. Thus,
while the trader is bearish she is encouraged by other economic factors. She wants to take a speculative short position in T-bond
futures but is concerned that rates will fall, generating a potentially large loss. She believes that if rates have not changed by late

August, they will not change at all. Thus, she shorts the September contract and buys the December contract.

Date Futures Market

July 6 T The Septéember T-bond futures price is 60 22/32 or 60.687%.. - -
Price per contract: $60,687.50. ’
Seli one contract '

The December T-bond futures price is 60 2/32 or 60.0625.
Price per contract: $60,062.50.

Buy one contract

August 31 The September T-bond futures price is 65 27/32 or 65.84375,

Price per contract: $65,843.75.

Buy one contract

The December T-bond futures price is 65 5/32 or 65.15625.
Price per contract: $65,156.25.

Sell one contract

Analysis: The profit on the September contract was
© $60,687.50 — $65,843.75 = —$5,156.25.
The profit on the December contract was
: $65,156.25 — $60,062.50 = $5,093.75.
Thus, the overall profit was ’
—$5,156.25 + $5,093.75 = —$62.50.
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that a small gain will be made. If the trader’s forecast is wrong, the loss is not likely to be large. This
example involves a simple position of one contract long and one contract short. In practice many traders
use weighted positions, taking more of either the long or short contract so as to balance their different
volatilities. The proper number of each contract to provide a risk-free position is obtained by using their
modified durations in the same manner that we did above when we constructed long spot and short
futures positions. In this example, the trader’s expectations were not at all realized. Rates fell and bond
futures prices rose. The September contract was not profitable, but the long December contract was
profitable and the overall loss was negligible.

Stock Index Futures Spreads The factors determining the carry costs for stock index futures contracts are
interest rates and dividends. Dividends are usually more predictable than interest rates, although somewhat tedious;
hence, the driving force determining changes in spreads should be interest rates.

Figure 11.5 illustrates the intramarket spread for the S&P 500 index futures contracts of September and
December. A rough relationship clearly exists between short-term interest rates and equity futures spreads.

Intermarket Spreads

In the previous section we discussed three forms of intramarket spteads There are also a number of
intermarket spreads or intercommodity spreads. These are transactions in which the two futures contracts are
on different underlying instruments. There are a vast number of different intermarket spreads. We first review
the generic futures case, highlighting the difference from intramarket spread strategies and then only briefly
review bond and stock strategies.

Generic Intermarket Futures Spreads Intermarket spreads tend to be more risky because the two
positions do not share a common underlying instrument. Thus, intermarket spreads not only change in value due to
changes in the carry costs but also change due to changes in the value of the underlying instrument as can be seen
in the following identity:

fo(Cz) - fo(Cl) = So’cz + 60,(:2 - [SO,CI + eo‘Cl].
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 This equation defines the spread between futures prices involving two different underlying instruments
(denoted C1 and €2), where we assuinie you are long the C2 futures contract and short the C1 futures contract.
Recall that S, denotes the underlying price at time 0, and 8, denotes the carrying costs at time 0. Therefore, -
the profit from a spread trade can be expressed as the profit on the two-positions,

which is two sets of differences, one being the difference between the change in price of the underlying
instrument of contracts 2 and 1 and the other being the difference between the change in the carry costs of
contract 2-and 1.-Therefore, the predictions are more complex. Often the volatility of changes in the
underlying instruments is much higher than the volatility of carry costs. Hence, the spread trader’s main task
relates to predicting changes in the prices and carrying costs of the underlying instruments.

Note and Bond Futures. There are 2 vagiety. of intermarket spread strategies within the debt market. We
examine here the NOB, or notes over bonds, spread. This spread mvolves comparing T-note futures and T-bond
futures.

The NOB trade would be:used to capitalize on shifts in the yield curve. For example, if a trader
believes that rates on the 7-to-10-year range of the yield curve will fall and rates on the 15-plus-year range
will either rise or fall by less, a long position in the NOB spread might be warranted. If the investor’s
expectations prove correct, a profit could be made because the T-note futures price will rise and the T-bond
futures price will either fall or rise by a smaller amount. Of course, if yields on the long-term end of the
market fall, the trader could end up losing money because long-term bond prices will be expected to rise
by a greater amount for a given yield change. So the trader might prefer to take a weighted position in
which the ratio of T-note futures to T-bond futures is something other than one-to-one. In general, however,
the NOB spread is designed to capitalize on changes in the relationship between Treasury note and
Treasury bond futures prices.

Another intermarket spread is the MOB, or mumcxpals over bonds, spread. This spread involves a long
(short) position in the municipal bond futures contract and a short (Iong) position in the T-bond futures
contract. There is no specific arbitrage relationship that defines the MOB spread. T-bonds and municipals are
not perfect substitutes; however, a perceived historical relationship has prevailed over the past several
decades. Traders often watch that relationship for signs of abnormal behavior that might signal profit
opportunities.

Stock Index Futures Intermarket spread trading can also be performed with stock index futures contracts.
Spread traders may have a view on the relative performance of one equity sector when compared to another. With
the addition-of single stock futures eontracts, spread trading with futures contracts can now involve two individual
stocks or one individual stock and ah equity index. As ‘with other mtermarket spread trading activities, the success
of the spread trader is directly related to forecasting skill.

TARGET STRATEGIES

We now turn to various target strategies. Specifically we explore target duration strategies with bond futures,
alpha capture, target beta strategies with stock index futures, and tactical asset allocation. There are many
other possible target strategies to consider, but the ones covered here will give an adequate overview of target
strategies.
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Target Duration with Bond Futures

We showed how hedge ratios can be constructed using futures. The procedure essentially combines futures
so that the overall investment is insensitivé to interest rate changes. In effect, this changes the modified
duration to zero. Suppose a market timer believes that interest rates will move in one direction or the other,
but the timer does not want to completely eliminate the exposure by taking the modified duration to zero. If
interest rates are expected to fall, the timer may wish to increase the modified duration,; if rates are expected
to rise, the timer may wish to decrease the modified duration but not necessarily reduce it to zero.

Suppose a portfolio of bonds has a market value of B and a modified duration of MDg. The futures
contract has a modified duration of MD; and a price of f. The timer wishes to increase the spot modified
duration to MD;, which we shall call the target duration. One way to do this is to put more money in high
modified duration bonds and less money in low modified duration bonds, but this would incur transaction
costs on the purchase and sale of at least two bonds. Futures can be used to easily adjust the modified
duration. Also, by doing the transaction with futures rather than buying and selling the spot instruments, there
are significant savings in transaction costs.

The number of futures needed to change the modified duration to MDy is"®

Notice how similar this formula is to the one given earlier in this chapter. That formula was

N; = (MMDD]:)(f)

which reduces the interest sensitivity and modified duration to zero.' Nt denotes the optimal hedge ratio
where the objective is to minimize price volatility. Here we will not use the asterisk,*, when seeking to
change modified duration to a non-zero target. If the target duration were zero in our new formula, we would
obtain the old formula. Thus, the new formula is a much more general restatement of the optimal hedge ratio
covered earlier in this chapter, because it permits the modified duration to be adjusted to any chosen value. If
the investor expected falling interest rates and wished to increase the modified duration, MD,, would be larger
than MDj. Then N; would be positive and futures would be bought. This makes sense because adding futures
to a long spot position should increase the risk. If the trader is bearish and wishes to reduce the modified
duration, MD; would be less than MD;, and N; would be negative, meaning that futures would be sold. This
is so because an opposite position in futures should be required to reduce the risk.

An Example Let us rework the T-bond hedging example that appeared in Table 11.7. In that problem, on
February 25 the portfolio manager held $1 million face value of the 11 7/8s bond maturing in about 25 years. The
bond price is 101, and the bond will be sold on March 28. In that example, we feared an increase in interest rates
and lowered the modified duration to zero by selling 16 futures contracts. Suppose, however, that we wanted to
lower the modified duration from its present level of 7.83 to 4. This would make the portfolio less sensitive to
interest rates, but not completely unaffected by them. In that way, if the forecast proved incorrect, the positive
modified duration would still leave room to profit.

15See Hedge Ratios and Futures Contracts Technical Note in the section called “Derivation of Price Sensitivity Hedge
Ratio.”
16A5 noted above, both of these formulas apply only to extremely short holding periods. Any increment of time or change

in yield will require recalculation of the number of futures contracts, so the number of contracts will need adjustment
throughout the holding period.
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The example is presented in Table 11.13. The bond ends up losing 2.26 percent. To deteymine how close the
outcome was to the desired outcome, we need to know the change in the yield on the bonds. On February 25,
the yield on the spot bond was 11.74 percent; on March 28, the yield that corresponded to a price of 95 22/32
was 12.50 percent. Recall that the followmg formula expresses the relationship between the change in the yield
and the percentage change in the bond price:

'(’_-"gr,ﬁ) =~ MD(4y),

Table11,13  Target Duration with Bond Futures

Scenario: On February 25, a portfolio manager holds $1 million face value of a government bond, the 11 7/8s, which matures in
about 25 years. The bond is currently priced at 101, has a modified duration of 7.83, and has a yield of 11.74 percent. The
manager plans to sell the bond on March 28. The manager is worried about rising interest rates and would like to reduce the
bond's sensitivity to interest rates by lowering its modified duration to 4. This would reduce its interest sensitivity, which would
help if rates increase, but would not eliminate the possibility of gains from falling rates. '

Date Spot Market Futures Market
February 25 The current price of the bonds is 101. June T-bond futures is at 70 16/32.
Value of position: $1,010,000. Price per contract: $70,500.
The short end of the term structure is flat, so this - The futures price and. the characteristics of the
is the forward sale price of the bonds in March. deliverable bond imply a modified duration of 7.20
and a yield of 14.92 percent.

Appropriate number of contracts:
4-7.83\( 1,010,000
Ng --( ) =-7.62
7.20 70,500

Sell B contracts

March 28 The bonds are sold at thelr current price of 95 22/32 ~June T-bond futures is at 66 22/32.
This is a price of $956.875 per bond. Price per contract: $66,718.75.
Value of position: $956 875. ‘ "Buy 8 contracts

Analysis: When the $1 million face value bonds are sold on March 28, they are worth $956,875, a loss in value of
$1,010,000 — $956,875 = $53,125.

The profit on the futures transaction is

8($70,500) (sale price of futures)
—8($66,718.75) (purchase price of futures)
$30,250 (prof' it on futures)

Thus the overall transaction resulted in a Ioss in value of $53, 125 $30,250 = $22,875, which is 2 2.26 per:ent dedme in overall
value.

where B represents the bond price. With a modified duration reset to 4, the formula predicts that for a yield
change of 0.1250 — 0.1174 = 0.0076, the percentage price change would be

% = — 4(0.0076) = - 0.0304,
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or 3.04 percent, The actual change was 2.26 percent. Without the futures position, the modified duration still
would have been 7.83. Plugging into the formula gives a predicted percentage change in the bond price of

% ~ —7.83(0.0076) = — 0.0595,

or a loss of 5.95 percent. The actual change without the hedge would have been —$53,125/$1,010,000 =
—0.0526, or a 5.26 percent loss.

Alpha Captdre

Recall that the systematic risk of a diversified portfolio can be hedged by using stock index futures. Because
the portfolio is diversified, there is no unsystematic risk and therefore the portfolio is riskless. In some cases,
however, an investor might wish to hedge the systematic risk and retain the unsystematic risk.

The unsystematic return that reflects investment performance over and above the risk associated with the
systematic or market-wide factor is called alpha. In an efficient market, investors cannot expect to earn
positive alpha. Professional financial analysts, however, do not believe this is true. Thousands of analysts
devote all of their time to identifying overpriced and underpriced stocks. An analyst who thinks a stock is
underpriced normally recommends it for purchase. If the stock is purchased and the market goes down, the
stock’s overall performance can be hurt. For example, a drug firm might announce an important new drug that
can help cure diabetes. If that announcement occurs during a strong bear market, the stock can be pulled
down by the market effect. The extent of the stock’s movement with the market is measured by its beta. In
this section we shall look at how alpha can be captured by using stock index futures to eliminate the
systematic component of performance, leaving the unsystematic performance, the alpha. In this sense, the
strategy is based on a target beta of zero. -

We will use the following notation:

S = stock price
M = valie of market portfolio of all risky assets
g = AS/S = rate of return on stock
1ty = AM/M = rate of return on market

B = beta of the stock

The stock’s return consists of its systématic return, Br,;, and its unsystematic return or alpha, denoted as o.
Thus, , o ;

rg = Bry + a.
If we multiply both sides of the equation by S, we have
Srg = SBry, + Sa,
which is equivalent to
AS = S8(AMM) + Sa.

This is the return on the stock expressed in dollars. The objective of the transaction is to capture a profit
equal to the dollar alpha, Sa. . )

The profit from a transaction consisting of the stock and N futures contracts is

= AS+Nj Af.
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" Recall thatthe formula for in an ordinary stock index funnes»hgdgejis‘—B(SIﬂ. Let us substitute this for N::
M= AS —VB (%) Af.
Now we need to substitute SB(AM/_M) + Sa for AS and assume the futures price change will match the
index price change. In that case, AM/M = Af/f. Making these substitutions gives
| - M = Sa. ~ )

Thus, if we use N futures contracts where N is the ordinary hedge ratio for stock index futures, we will
eliminate systematic risk and the profit will be the dollar alpha. :

An Example Table 11.14 illustrates an‘appIicatién of this’fre’sult. In this example, you have identified what you
beliéve to be an underpriced stock. You are worried, however, that the market as a whole will decline and drag the
stock down. To hedge the market effect, you sell stock index futures.

Table 1114  Alpha Capture

Scenario: On July 1, you are following the stock of Helene Curtis, which has a price of 17.38 and a beta of 1.10. Baring any
change in the general level of stack prices, you expect the stock to appreciate by about 10 percent by the end of September.
Your analysis of the market as a whole calls for about an 8 percent dacline in stock prices in general over the same period. Since
the stock has a beta of 1.10, this would bring the stock down by 1.10(.08) = 0.088, or 8.8 percent, which will almost completely
offset the expected 10 percent unsystematic increase in the stock price. You decide to hedge the market effect by selling stock
index futures. ‘ o ' \

Date o , SpotMafk,et -. - e FututesMarket

July 1 Own 150,000 shares of Helene Curtis stock at 17.38.  December stock index futures price‘is 444.60.
Value of stock: 150,000($17.38) = $2,607,000. Price. of one contract: 444.60($500) = $222,300.
: Appropriate number of contracts:
1 607,
SRR
Sell-13 contracts
September 30 Stock price is 17.75. December stock index futures price is 411.30.
I Value of stock; 150,000($17.75) = $2,662,500. + - -Price of one contract: 411,30($500} = $205,650.
Buy 13 contracts
Analysis: Profit on stock:
$2,662,500
~$2,607,000
$55,500.
Profit on futures:
13($222,300)
—13($205,650)
$216,450.
Overall profit:
i $55,500
+$216,450
$271,950.
Overall rate of return:
$271,950 = 0.1043.

$2,607,000
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This transaction should not be considered riskless. Suppose your analysis is incorrect and-the company
announces some bad news during a bull market. Selling the futures contract would eliminate the effect of the
bull market while retaining the effect of the bad news announcement. Moreover, this type of trade depends
not only on the correctness of the analysis but on the beta’s stability. v

Target Beta with Stock Index Futures -

Recall in the hedging discussion above we considered a portfolio manager who sold stock index futures to
eliminate the systematic risk. At a later date, the futures contracts were repurchased and the portfolio was
returned to its previous level of systematic risk. Assuming the beta of the futures is 1, the number of futures
contracts was given by the formula ,

. S
“N¢ =-Bs~—.
f Bsf

In some cases, a portfolio manager may wish to change the systematic risk but not eliminate it altogether.
For example, if a portfolio manager believes the market is highly valatile, the portfolio beta could be lowered
but not reduced to zero. This would enable the portfolio to profit if the market did move upward but would
produce a smaller loss if the market moved down. At more optimistic.times, the portfolio beta could be
increased. In the absence of stock index futures (or options), changing the portfolio beta would require costly
transactions in the individual stocks. oo -

Assume we have a portfolio containing stock valued at S and N, futures contracts. We drop the asterisk, *,
because we are not focused on the minimum risk solution.now. The return on the portfolio is given as rg,, where

AS + N Af
Ige = —-—-—-S"'—'—‘

The first term in the numerator, AS, is the change in the price of the stock. The second term, N,Af, is the
number of contracts times the change in the price of the futures contract. The denominator, S, is the amount
of money invested in the stock. The expected return on the portfolio, B(rgy), is~ ’

E(AS) . E(AfY o Np o
By =E89 4, B _ gy + S EcAR).
s s T8
where E(rg) is the expected return on the stock defined as E(AS))S and E(AT) is the expected chaiige in the
price of the futures contract. o o o o ’ '

From modem portfolio theory, the Capital Asset Pricing Model (CAPM) gives the expected return ona
stock as r + [E(ry,) — 11B, where the beta is the systematic risk and reflects the influence of the market as a
whole on the stock. If the market is efficient, the investor’s required return will equal the expected return. If
the CAPM holds for stocks, it should also hold for stock index futures; however, it would be written as

B8O - B o) - 1B =B -,

where B is the beta of the futures contract, assumed to be 1. Although in reality B, will not be precisely equal
to 1, it is sufficiently close that we shall assume it to keep the example simple. Note that this CAPM equation
seems to be missing the term r from the right-hand side. The risk-free rate reflects the opportunity cost of

money invested in the asset. Because the futures contract requires no initial outlay, there is no opportunity
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cost; thus, the r term is omitted. Thus, a long position in a stock index futures.contract would be expected to
return the market risk premium and a short position in a stock index futures contract would be expected to
lose the market risk premium. T T

- The objective is to adjust the portfolio beta, s» and expected return, E(r), to a more preferred level. Since
the CAPM holds for the portfolio, we can write the relationship between expected return and beta as

. E(ts) = r + [E(ry) ~ rlBy
where By is the target beta, the desired risk level. Now we substitute for E(t,) and E(Af) and get
E(rs) =1 + [E(ry) — 11Bs + N{E/S)[Edry) - 11
Setting this equal to r + [E(r,,) — r]B; and solving for N; gives

N=r-8) (3)
This formula differs only slightly from the previous formula of N;, which was covered in our hedging
material earlier in this chapter. In fact, the N} formula is but a special case of this one. For example, if the

target beta is zero, the above formula reduces to — B (%J, ‘where the négative sign means that you would

sell N; futures. This is the same formula we used in the hedging discussion above to eliminate systematic risk.

When the manager wants to increase the beta, By will be greater than B, and N, will be positive. In that
case, the manager will buy futures contracts. That makes sense, since the risk will increase. When the beta
needs to be reduced, B, will be less than B and the manager should sell futures to reduce the risk.

An Example Table 11.15 presents an example in which the manager of a portfolio that has a beta of 0.95 would
like to temporarily increase the beta to 1.25. The manager buys stock index futures, which results in an overall gain
of almost 12 percent when the stocks themselves gained only 10 percent.

Tactical Asset Allocation Using Stock and Bond Futures

A typical investment portfolio often consists of money allocated to certain classes of assets. Stock is one general
class while bonds are another. Some portfolios would contain additional asset classes such as real estate, hedge
funds, venture capital, or commeodities. Within a given asset class, there may be subdivisions into more specific
classes. For example, the stock asset class could be divided into domestic stock and international stock, or
perhaps large-cap stock, mid-cap stock, and small-cap stock.'? Portfolio managers then usually try to adjust the
allocation of funds among the asset classes in such a manner that the most attractive classes receive the highest
weights. This form of portfolio management is usually called asset allocation.

Over the long run, a portfolio typically has a specified set of target weights for each asset class. These
weights are usually called the strategic asset allocation. In the short run, the portfolio manager can deviate from
these weights by allocating more funds to the classes expected to provide the best performance. These short run
deviations from the strategic asset allocation make up a process called ractical asset allocation. Of course, such
a strategy is just a variation of target strategies, as we have discussed with respect to both stock and bond futures.

- The execution of tactical asset allocation strategies can be done by buying and selling assets within the
various classes. When futures are available on underlyings that are sufficiently similar to the asset classes,
they are often used to execute these strategies in a more efficient, less costly manner. Let us see how this can
be done.

""Cap is an abbreviation for market capitalization, or the current market value of outstanding common stock.
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Table 11.15  Target Beta Strategies with Stock Index Futures

Scenario: On August 29, a portfolio manager is holding a portfolio of stocks worth $3,783,210. The portfolio beta is 0.95. The
manager expects the stock market as a whole to appreciate substantially over the next threé months and wants to increase the
portfolio beta to 1.25. The mariager could buy and sell shares in'the’portfolio, but this would incur high transaction costs and
later the portfolio beta would have to be adjusted back to 0.95. The manager decides to buy stock index futures to'temporarily
increase the portfolio’s systematic risk. The prices, number of shares, and betas are given below. The tariget date for evaluating
the portfalio is November 29. « ‘ L . N :

Stock : Price (8/29) - Number of Shares ... Market Value Weight Beta
Beneficial Corp. 40.50 o130 1 $459,675 ' 0.122 © 095
Cummins Engine  © - 6450 - - i 10,950 B 706,275 0.187 - 1.10
Gillette - 6200 . 012400 .. 768800 . 0203 -~ 085
Kmart 33.00 . 5500 . 181,500 0048 1.15
Boeing 49.00 4,600 . 225400 . 0059 . 115
W. R. Grace 42.62 6,750 287,685 0.076 1.00
EliLilty 87.38 11,400 996,132 0.263 0.85
Parker Pen 20.62 7650 © 157,743 0042 - 075
' $3,783,210 1.000
Portfolio beta: '

0.122(0.95) + 0.187(1.10) + 0.203(0.85) + 0048(1 .15) + 0.059(1.15) +. 0076(1 .00) + 0.263(0.85) + 0.04‘2(0.75)J= 0.95.
December stock index futures contract: S

Price on August 29: 759.60
Multiplier: $250
Price of one contract: $250(759.60) = $189,900.

Required number of futures contracts: v
: (3,783,210
=(1.25-0.95)| —— |=5.98.
N =(1.2 : ( 189,900 ) )
Buy 6 contracts )
Results: The values of the stocks on November 29 are shown below:
Stock ‘Price (11/29) - Market Value
Beneficial Corp. 4513 - - - $512,226
Cummins Engine 66.75 . 730913
Gillette 69.87 866,368 .
Kmart 35.12 : . 193,160
Boeing 4912 . 225,952
W. R. Grace 40.75 275,062
Eli Lilly 103.75 1,182,750
Parker Pen 22.88 175,032
$4,161,483

December stock index futures contract:

Price on August 29: 809.60

Multiplier: $250

Price of one contract: $250(809.60) = $202,400.
Sell 6 contracts - s

Analysis: The market value of the stocks increased by $4,161,483 — $3,783,210 = $378,273, a gain of about 10 percent.
The futures profit was ’
6($202,400) (sale price of futures)
~6($189,900) (purchase price of futures)
$75.000 (profit on futures).

Thus, the overall gain on the portfolio was effectively increased to $378,273 + $75,000 = $453,273, a return of about 12 percent.
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Consider a portfolio with just two asset classes, stock and bonds. The stock asset class has a specific beta,
and the bond asset class has a specific modified duration. If the manager wants to decrease the allocation to
stock and increase. the allocation to bonds, she can do. 80 by selling stocks and buying bonds. Alternatively,
she may be able to sell stock futures and buy. bond futures. to achieve the desired result. Of course, whether
futures. are an acceptable substitute for transactions in the actual securities depends on whether the stock
index . underlying the stock index futures is similar enough: to the stock component of her portfolio and
whether the bond underlying the bond futures is similar enough to the bond component of her portfolio. Since
practitioners use these instruments 8o often to make assét allocation changes, we can safely assume that these
conditions hold so that stock and bond futures can be used for this purpose.

Suppose that she wishes to sell a certain amount of stock and buy an equivalent amount of bonds. Using
the formula we previously showed for target beta strategies with stock index futures, she will sell the number
of futures contracts to adjust the beta on that given amount of stock from its current level to zero. This
transaction has the effect of selling the stock and converting it to cash. Now she wants to convert this
synthetically created cash to bonds. She will then buy bond futures to adjust the modified duration on this
synthetic cash from zero to its desu'ed lcvel which is the modified duration of the existing bond component
of the portfolio.

Note that the securities in the portfolio have not changed, but the allocation between stock and bonds has
been synthetically altered by the addition of a short position in stock index futures and a long position in bond
futures. Now suppose she also would like to change the risk characteristics of the existing stock and bond
asset classes. She can then adjust the beta on the stock by buying or selling more stock index futures
contracts, and she can adjust the modified duration on the bonds by buying or sellmg more bond futures
contracts.

An Example Table 11.16 illustrates this type of strategy. Here the portfolio manager wants to reduce the
allocation from two-thirds stock, one-third bonds to half stock, half bonds. In addition, the manager wants to lower
the risk exposure on the stock and raise the risk exposure on the bonds.

Table11.16  Tactical Asset Allocation Using Stock and Bond Futures

Scenario: A $30 million portfolio consists of $20 million of stock at a beta of 1 15 and $10 million of bonds at a modified
duration of 6.25 with a yield of 7.15 percent. The manager would like to change the allocation to $15 million of stock and
$15 million of bonds. In addition, the manager would like to-adjust the beta on the stock to 1.05 and the modified
duration on the bonds to 7. A stock index futures contract has a price of $225,000, and we can assume that its beta is 1.0.
A bond futures contract is priced at $92,000 with an implied modified duration of 5.9 and an implied yield of 5.65 percent.
The manager will use futures to synthetically sell $5 million of stock, reduce the beta on the remaining stock, synthetically
buy $5 million of bonds, and increase the modified duration on-the remaining bonds. The horizon date is three months.

Step 1. Synthetically sell $5 million of stock

This transaction will effectively reduce the beta on $5 million of stock to zero, thereby synthetocally converting the stock to cash.
The number of stock futures, which we denote as N, will be

5,000,000
N =(0-1.15)] 2=
of 5)( 225,000

d

) = - 25.56.

This rounds off to selling 26 contracts. After executing this transaction, the portfolio effectively consists of $15 million of stock at a
beta of 1.15, $10 million of bonds at a modified duration of 6.25, and $5 million of synthetic cash. Of course, the actual portfolio
consists of $20 million of stock at a beta of 1.15, $10 million of bonds ata modlﬁed durat:on of 6. 25 and $5 mllhon of short stock
index futures.

Step 2. Synthetically buy $5 million of bonds

This transaction will effectively convert the $5 million of synthetic cash, whu:h can be treated as a bond with a modified duration
of zero, to $5 million of synthetic bonds with a modified duration of 6.25. The number of bond futures, which we denote as N,
will be
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Table11.16  continued

Nf-(a.z;,,o)(s.om,mo),m., :
] 59 92,000 o

This rounds off to buylng 57 contracts. After executing this transacﬂon the portfoho effectlvely consists of $15 million of stock at
a beta of 1.15 and $15 million of bonds at a modified duration of 6.25. Of course, the actual portfolic consists of $20 miltion of
stock at a beta of 1.15, $10 million of bonds at a modlﬁed duration of 6.25, SS mn!lion ofshortstock index fuams and $5 mnlhon
of long bond futures. : .

Step 3. Lower the beta on the stockftom ‘l 15101 05 .
Now the manager wants to Iower the beta from 1. 15 to1 05 on $15 mulhon of stock This wdl requore

15,000,000
N -105 115 2220 | _sgr.
s = 5)( 225,000 )

i

contracts. Rounding off the manager would sell 7 contracts. In the aggragatg, the manager would-sell.33 stock index futures
contracts.

| Step 4. Raise the modified duration on the bonds from 6.25to 7 : R

Now the manager wants to raise the modified duration from 6.25 to7.0on-$15 mnlhon of bonds. This will requme

7-625( 15,000,001 __
‘-Nu"( 5 )( EX5) ) 273,

contracts. Rounding off, the manager would buy 21 contracts. In the aggregate, the manager would buy 78 bond futures
contracts.

It is important to know that the same results would be obtained if the transactions were carried out in a dnfferent order. The
manager could first reduce the beta on the $20 million of stock and then synthetically sell $5 million of stock. The manager could
then increase the modified duration on the $10.million of bonds.and then synthetically buy $5 million of bonds.

Results

Three months later, the stock is worth $19,300,000, and the bonds are wonh $10, 100 000. The stock mdex futures. price falls to
$217,800, and the bond futyres pnce rises to $92, 878 The proﬁt on ‘the stock |ndex futures transactlon is

—33($217,800 — $225,000) = 5237 600.
The profit on the bond futures transaction is
78892878 - i59210‘(‘)(» = $68,484.
The overall value of the portfolio is : ’ :

Stock |  $19,300,000
Stock index futures pmﬁt - - 237,600 -
Bonds 10,100,000
Bond futures profit 68,484
Total . $29,706,084.

| Had the transactions not been executed, the portfolio would have been worth
Stock $19,300,000 e
Bonds 10,100,000
Total ' . $29,400,000.

| Of course, this transaction. is speculative. The reduction of the stock allocatlon and reduction of the stock beta combined with
the increase in the bond allocation and the.increase in the bond beta, was a good move,, but it could have been : abad one. In
. any case, however, derivatives allowed these transactlons to be executed synthettcally and less expenswely
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QUESTIONS AND PROBLEMS

1.

On June 17 of a particular year, an American watch dealer decided to import 100,000 Swiss
watches. Each watch costs SF225. The dealer would like to hedge against a change in the
dollar/Swiss franc exchange rate. The forward rate was $0.3881. Determine the outcome from

 the hedge if it was closed on August 16, ‘when the spot rate was $0.4434,

~N O o:n

. On January31, a firm leams that it will have $5 million available on May 31. 1t will use the funds

to purchase the APCO 9 1/2 percent bonds maturing in about 21 years. Interest is paid
semiannually on March 1 and September 1. The bonds are rated A2 by Moody's and are selling
for 78 7/8 per 100 and yielding 12.32 percent. The modified duration is 7.81.
The firm is considering hedging the anticipated purchase with September T-bond futures. The
futures price is 71 8/32. The firm believes the futures contract is tracking the Treasury bond with
a coupon of 12 3/4 percent and maturing in about 25 years. It has determined that the implied |
yield on the futures contract is 11.40 percent and the modified duration of the contract is 8.32.
The firm believes the APCO bond yield will change 1 point for every 1-point change in the yield
on the bond underlying the futures contract.
a. Determine the transaction the firm should conduct on January 31 to set up the hedge. -
b. On May 31, the APCO bonds were priced-at 82 3/4. The September futures price was 76
14/32. Determine the outcome of the hedge.

. For each of the following hedge termination dates, identify the appropriate contract expiration.

Assume the available expiration months are March, June, September, and December.
a. August10 .

b. December 15

c. February 20

- d.- June 14 - S e
. For each-of the following situations, deterrmne whether a long or short hedge is appropriate.

Justify your answers.
a. A firm anticipates issuing stock in three months.
b. An investor plans to buy a bond in 30 days.
c. A firm plans to sell some forelgn currency denommated assets and convert the proceeds
to domestic currency. '

. Explain how to determine whether to buy or sell futures when hedging.

Explain the difference between a short hedge and a long hedge.

. You are the manager of a stock portfolio. On October 1, your holdings consist of the eight stocks

listed in the following table, which you intend to sell on December 31. You are concerned about a
market decline over the next three months. The number of shares, their prices, and the betas are
shown, as well as the prices on December 31.

Stock Number of Shares - .Beta . 10/1 Price 12/31 Price
R. R. Donnelley 10,000 © 100 19.63 27.38
B. F. Goodrich « 6,200 - 108 31.38 3288
Raytheon 15,800 » 115 , 49.38 53.63
Maytag. 8,900 o " 090 © 5538 77.88
Kroger 11,000 -0.85 4213 47.88
Comdisco 14,500 . 145 19.38 28.63
Cessna 9,900 120 . 2.75 30.13
Foxboro 4,500 0.95 24.75 26.00

. On October 1, you decide to execute a hedge using a stock index futures contract, which has

a $500 multlpher The March contract price is 376.20. On December 31, the March contract
price is 424.90. Determine the outcome of the hedge.
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On July 1, a portfolio manager holds $1 million face value of Treasury bonds, the 11 1/4s
maturing in about 29 years. The price is 107 14/32. The bond will need to be sold on August 30.
The manager is concerned about rising interest rates and believes a hedge would be

~ appropriate. The September T-bond futures price is 77 15/32. The price sensitivity hedge ratio

10.

1.

12

suggests that the firm should use 13 contracts.

a. What transaction should the firm make on July 1? _
b. On August 30, the bond was selling for 101 12/32 and the futures price was 77 5/32.
Determine the outcome of the hedge.

. On March 1, a securities analyst recommended General Cinema stock as a good purchase in the

early summer. The portfolio manager plans to buy 20,000 shares of the stock on June 1 but is
concerned that the market as a whole will be bullish over the next three months. General Cinema'’s
stock currently is at 32.88, and the betais 1.10. ‘ '

Construct a hedge that will protect against movements in the stock market as a whole. Use the
September stock index futures, which is priced at 375.30 on March 1 and which has a $500
multiplier. Evaluate the outcome of the hedge if on June 1 the futures price is 387.30 and
General Cinema’s stock price is 38.63. '
During the fitst six months of the year, yields on long-term government debt have fallen
about 100 basis points. You believe the decline in rates is over, and you are interested in
speculating on a rise in rates. You are, however, unwilling to assume much risk, so you decide
to do an intramarket spread. Use the following information to construct a T-bond futures
spread on July 15, and determine the profit when the position is closed on November 15.

July 15
December futures price: 76 9/32
March futures price: 75 9/32

Noverhber 15
December futures price: 79 13/32
March futures price: 78 9/32

The manager of a $20 million portfolio of domestic stocks with a beta of 1.10 would like to begin
diversifying internationally. He would like to sell $5 million of domestic stock and purchase $5
million of foreign stock. He learns that he can do this using a futures contract on a foreign stock
index. The index is denominated in dollars, thereby eliminating any currency risk. He would like
the beta of the new foreign asset class to be 1.05. The domestic stock index futures contract is
priced at $250,000 and can be assumed to have a beta of 1.0. The foreign stock index futures
contract is priced at $150,000 and can also be assumed to have a beta of 1.0.

a. Determine the number of contracts he would need to trade of each type of futures in order
to achieve this objective. ' . - ’

b. Determine the value of the portfolio if the domestic stock increases by 2 percent, the
domestic stock futures contract increases by 1.8 percent, the foreign stock increases by 1.2
percent, and the foreign steck futures contract increases by 1.4 percent.

On November 1, an analyst who has been studying a firm called Computer Sciences believes
the company will make a major new announcement before the end of the year. Computer
Sciences currently is priced at 27.63 and has a beta of 0.95. The analyst believes the stock can
advance about 10 percent if the market does not move. The analyst thinks the market might
decline by as much as 5 percent, leaving the stock with a return of 0.10 -+ (—0.05)(0.95) = 0.0525.
To capture the full 10 percent alpha, the analyst recommends the sale of stock index futures.
The March contract currently is priced at 393. Assume the investor owns 100,000 shares of the
stock. Set up a transaction by determining the appropriate number of futures contracts. Then
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13.

14.

15.

16.

17.

determine the effective return on the stock if, on December 31, the stock is sold at 28.88, the
futures contract is at 432.30, and the multiplier is 500. Explain your results.

You are the manager of a stock portfolio worth $10,500,000. it has a beta of 1.15. During the next
three months, you expect a correction in the market that will take the market down about 5
percent; thus, your portfolio is expected to fall about 5.75 percent (5 percent times a beta of 1.15).
You wish to lower the beta to 1. A stock index futures contract with the appropriate expiration is
priced at 425.75 with a multiplier of $500.

a. Should you buy or sell futures? How many contracts should you use?

b. In three months, the portfolio has fallen in value to $9,870,000. The futures has fallen to
402.35. Determine the profit and portfolio return over the quarter. How close did you come
to the desired result? v .

On January 2 of a particular year, an American firm decided to close out its account at a
Canadian bank on February 28. The firm is expected to have 5 million Canadian dollars in the
account at the time of the withdrawal. It would convert the funds to U.S. dollars and transfer
them to a New York bank. The relevant forward exchange rate was $0.7564. The. March
Canadian dollar futures contract was priced at $0.7541. Determine the outcome of a futures
hedge if on February 28 the spot rate was $0.7207 and the futures rate was $0.7220. All prices
are in U.S. dollars per Canadian dollar. The Canadian dollar futures contract covers CD 100,000.
Suppose you are a dealer in sugar. It is September 26, and you hold 112,000 pounds of sugar
worth $0.0479 per pound. The price of a futures contract expiring in January is $0.0550 per
pound. Each contract is for 112,000 pounds. :

a. Determine the original basis. Then calculate the profit from a hedge if it is held to
expiration and the basis converges to zero. Show how the profit is explained by
movements in the basis alone.

b. Rework this problem, but assume the hedge is closed on December 10, when the spot
price is $0.0574 and the January futures price is $0.0590.

You are the manager of a bond portfolio of $10 million face value of bonds worth $9,448,456. The
portfolio has a yield of 12.25 percent and a duration of 8.33. You plan to liquidate the portfolio in
six months and are concerned about an increase in interest rates that would produce a loss on the
portfolic. You would like to lower its duration to 5 years. A T-bond futures contract with the
appropriate expiration is priced at 72 3/32 with a face value of $100,000, an implied yield of 12
percent, and an implied duration of 8.43 years. ‘ ,

a. Should you buy or sell futures? How many contracts should you use?

b. In six months, the portfolio has fallen in value to $8,952,597. The futures price is 68 16/32.
Determine the profit from the transaction. :

(Concept Problem) As we discussed in the chapter, futures can be used to eliminate systematic risk
in a stock portfolio, leaving it essentially a risk-free portfolio. A portfolio manager can achieve the
same result, however, by selling the stocks and replacing them with T-bills. Consider the following
stock portfolio. ‘ :

Stock Number of Shares - Price Beta

- Northrop Grumman 14,870 18.13 1.10
H. J. Heinz . 8,755 ) 36.13- 1.05
Wiashington Post - 1,245 264,00 1.05
Disney 8,750 134.50 . 1.25
Wang Labs 33,995 425 1.20
Wisconsin Energy 12,480 2900 0.65
General Motors © : 14,750 4875 0.95

. Union Pacific - 12,900 71.50 1.20
Royal Dutch Shell : 7,500 78.75 0.75

Iinois Power ' 3,550 15.50 040




Forward and Futures Hedging, Spread, and Target Strategies 371

Suppose the portfolioc manager wishes to convert this portfolio to a riskless portfolio for a
period of one month. The price of a stock index futures with a $500 multiplier is 369.45. To sell
each share would cost $20 per order plus $0.03 per share. Each company’s shares would
constitute a separate order. The futures contract would entail a cost of $27.50 per contract,
round-trip. T-bill purchases cost $25 per trade for any number of T-bills. Determine the most
cost-effective way to accomplish the manager’s goal of convertmg the portfolio to a risk-free
position for one month and then converting:it back.

18. What factors must one consider when deciding on the appropnate underlymg asset for a
hedge?

19. State and explain two reasons why firms hedge :

20. a. Define the minimum variance hedge ratio and the measure  of hedging effectiveness?

What do these two values tell us?
b. What is the price sensitivity hedge ratno" How are the prlce sensitivity and minimum
variance hedge ratios alike? How do they differ? .

21. a. What is the basis?
b. How is the basis expected to change over the life of a futures contract'? v
c. Explain why a strengthening basis benefits a short hedge and hurts a long hedge.

22. (Concept Problem) You plan to buy 1,000 shares of Swiss International Airlines stock. The

current price is SF950. The current exchange rate is $0.7254/SF. You are interested in

speculating on the stock but do not wish to assume any currency risk. You plan to hold the
position for six months. The appropriate futures contract currently is trading at $0.7250.
Construct a hedge and evaluate how your investment will do if in six months the stock is at
SF926.50, the spot exchange rate is $0.7301, and the futures price is $0.7295. The Swiss franc
futures contract size is SF125,000. Determine the overall profit from the transaction. Then break
down the profit into the amount earned solely from the performance of the stock, the loss or
gain from the currency change while holding the stock, and the loss or gain on the futures
transaction.

Taxation of He»dging

The tax treatment of hedging was originally established in a 1936 IRS ruling that stated that using futures
contracts to reduce business risk generates ordinary income or loss. The ruling was reaffirmed in a 1955
Supreme Court case involving a firm called Corn Products Refining Company. Corn Products had purchased
futures contracts to hedge the future purchase of corn it expected to need. The futures price went up and Corn
Products reported the profits as capital gains, which at that time were treated more favorably for tax purposes.
The IRS disagreed and the case uitimately ended up in the Supreme Court, which ruled that the purchase of
the comn futures was related to the everyday operations of the firm and, thus, should be considered ordinary
income for tax purposes. From that point on, the taxation of futures hedges was determined by what came to
be known as the business motive test. Put simply, was the hedge designed to reduce the firm’s business risk?
If so, then any profits or losses would be treated as ordinary income.

This interpretation held for 33 years until a shocking ruling occurred on a case that had nothing to do
with hedging. Arkansas Best, a holding company, sold shares of the National Bank of Commerce of Dallas at
a substantial loss, which it reported as an ordinary loss. Ordinary losses are more attractive to the taxpaying
entity because capital losses are limited to the total of capital gains. So capital losses can potentially be
unusable as tax credits while ordinary losses are fully deductible against ordinary income. In 1988 the
Supreme Court ruled that Best’s losses were capital losses. It argued that the shares did not constitute a
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sufficient exception to the established definition of a capital asset. In other words, the shares were not part of .
Arkansas Best’s inventory. Since Best was a holdmg company, it felt that the shares were a part of its
inventory,

The IRS then began using the Arkansas Best case to argue that certain futures hedges could be treated as
capital transactions, thus calling into question the millions of routine hedging transactions executed by
businesses. It used the case to argue that the Federal National Mortgage Association (FNMA), a firm that buys
and sells mortgages, must treat over $120 million in-interest rate futures and options losses as capital.
Furthermore, it ruled that while long futures and options to purchase (calls) could be viewed as substitutes for
inventory positions and, thus, taxable as ordinary income, short positions and put options could never be used
as substitutes for inventory because they represent contracts to sell.

" Such an interpretation implied that a business holding an inventory could not reduce its risk by agreeing
to sell some of the inventory in advance, at least not without potentially serious tax consequences. In other
words, the IRS ruling discourages conservative business practices The implications for the futures markets
and for businesses that had routinely hedged for years were far reaching. The futures markets could be
effectively shut down and millions of back taxes might be owed.

The futures exchanges and many businesses lobbied Treasury Secretary Lloyd Bentsen. Finally on
October 18, 1993, the IRS reversed its ruling on the FNMA case. The IRS did argue that hedgers would need
to be able to prove that futures and options transactions to protect inventory were indeed hedges. In addition,
the taxation of liability hedges (such as the selling of futures in anticipation of a future issuing of liabilities),
of hedges to protect the cost of raw materials purchases, and of many over-the-counter market hedges (such
as the use of swaps), is still somewhat unclear. " ‘




SWAPS

n the last four chapters, we discussed forward and futures contracts, which are commitments for one party

to buy something from another at a fixed price at-a future date. In some cases a party would like to make a
series of purchases, instead of a single purchase, from the other at a fixed price at various future dates. The
parties could agree to a series of forward or futures contracts, each expiring at different dates. If each contract
were priced according to the standard cost of carry formula, the contracts would each have a different price
so that each would have a zero value at the start. A better way to construct this type of strategy, however, is
to enter into a single agreement for one party to make a series of equal payments to the other party at specific
dates and to receive a payment from the other party. This type of transaction, specifically characterized by a
series of regularly scheduled payments, is called a swap. The parties are said to be swapping payments or
assets. «
Over the years, many varieties of swaps have evolved. The more common types of swaps involve one
party making a series of fixed payments and receiving a series of variable payments. In addition, there are
swaps in which both parties make variable payments. There are swaps in which both parties make fixed
payments, but one payment is in one currency and the other is in another currency. Hence, the payments can
be fixed but their values are effectively variable, given exchange rate fluctuations. The number of varieties of
swaps makes it difficult to give a good all-encompassing definition, but in general, a swap is a financial
derivative in which two parties make a series of payments to each other at specific dates.

There are four primary types of swaps, based on the nature of the underlying variable. These are currency
swaps, interest rate swaps, equity swaps, and commodity swaps. In a currency swap, the parties make either
fixed or variable interest payments to each other in different currencies. There may or may not be a principal
payment, a point we shall cover in more detail later. In an interest rate swap, the two parties make a series of
interest payments to each other, with both payments in the same currency. One payment is variable, and the
other payment can be variable or fixed. The principal on which the payments are based is not exchanged. In
an equity swap, at least one of the two parties makes payments determined by the price of a stock, the value
of a stock portfolio, or the level of a stock index. The other payment can be determined by another stock,
portfolio, or index, or by an interest rate, or it can be fixed. In a commodity swap, at least one set of payments
is determined by the price of a commodity, such as oil or gold. The other payment is typically fixed, but there
is no reason why it cannot be determined by some other variable. Since this book focuses on financial
instruments, we shall not cover commodity swaps. For commodity swaps, see the Technical Note.

Swaps have an initiation date, a termination date, and, of course, the dates on which the paymenis are to
be made. Like forward and futures contracts, swaps do not typically involve a cash up-front payment from
one party to another. Thus, swaps have zero value at the start, which means that the present values of the two

streams of payments are the same. The date on which a payment occurs is called the settlement date, and the
period between settlement dates is called the settlement period. Swaps are exclusively customized, over-the-
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counter instruments. Thus, the two parties are usually a dealer, which is a financial institution that makes
markets in swaps, and an end user, which is usually a customer of the dealer and might be a corporation,
pension fund, hedge fund, or some other organization. Of course, swaps between dealers are common as well.

Swap dealers quotes prices and rates at which they will enter into either side of a swap transaction. When
they do a transaction with a counterparty, they assume some risk from the counterparty. The dealers then
typically hedge that risk with some other type of transacnon which could involve trading in the underlying,
or using futures, forwards, or options. Interesﬁﬂgigt SW; ¥s are a major contributor to trading volume
in Burodollar futures, as they use the contract th hédge. many of their interest rate swaps as well as other
interest rate derivatives, which we shall cover in Chapter 13. In fact, this is the most common use of
Eurodollar futures.

Like forward contracts, swaps are subject o the risk that a given party could default. Wherever possible
the payments are netted, so that only a single amoitnt is paid from one party to the other. This procedure
reduces the credit risk by reducing the amount of money flowing between the parties. We shall cover credit
risk in more detail in Chapter 15.

Each swap is characterized by an amount of money called the notional principal. Since currency swaps
and interest rate swaps both involve making interest payments, the payments are based on the multiplication
of an interest rate times a principal amount. In interest rate swaps this principal amount is never exchanged !
For that reason, it is not called pnnclpal but rather notional pnncnpal 2

'In addition, notional principal is not exchanged in an equity swap. In a cutrency swap, notional principal may or may not
be exchanged. We shall cover this point later in this chapter.
“In this context the word ngtional means imaginary. As noted, the prmcxpalxs never paid in an xnterest rate or eqmty swap

and for that reason the principal is consxdered to not be real. In some currency swaps, the principal is paid, but the term
nononal is stlll used. )
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Swaps have been one of the greatest success stories in the financial markets of the 1980s and 1990s.
Interest rate swaps, for example, are widely used by corporations to manage interest rate risk. As we shall see,
corporations often convert floating-rate loans to fixed-rate loans using interest rate swaps. Currency and
equity swaps are used far less than interest rate swaps, but they are still important tools for managing
currency and equity risk, respectively. Figure 12.1 shows the notional principal of interest rate and currency
swaps from 1998 through the end of 2005, taken from the semiannual surveys of the Bank for International
Settlements (http:/www.bis.org). There has been steady growth in the use of interest rate swaps, which had
notional principal at the end of 2005 of almost $173 trillion. Currency swaps have not experienced as much
growth. Their notional principal at the end of 2005 was about $8.5 trillion.’ The reason that interest rate
swaps are more widely used than currency swaps is that virtually every business borrows money and is,
therefore, exposed to some form of interest rate risk. Even if a business borrows at a fixed rate, changes in
interest rates create opportunity costs. Many businesses are exposed to currency risk, either through their
international operations, their international customers or suppliers, or from foreign competitors who offer
similar products and services and sell those setvices in the business’s home market. Nonetheless, far more
firms are exposed to and understand the implications of interest rate risk than currency risk. Hence, interest
rate swaps are more widely used than currency swaps in managing risk. v

This chapter is divided into three main sections, each based on the three different types of swaps
characterized by the underlying. For each type of swap, we shall examine the basic characteristics of the
instruments, learn how to set the terms of the swap (a process called pricing), learn how to find the market
value of the swap, and examine some strategies using the swap. '

INTEREST RATE SWAPS

As we previously described, an interest rate swap is a series of interest payments between two parties. Each
set of payments is based on either a fixed or a floating rate. If the rate is floating and the swap is in dellars,
the rate usually employed is dollar LIBOR. Swaps in other currencies use comparable rates in those
currencies. The two parties agree to exchange a series of interest payments in the same currency at the various
settlement dates. The payments are based on a specified notional principal, but the parties do not exchange
the notional principal since this would involve each party giving the other party the same amount of money.

The most common type of interest rate swap, indeed the most common type of all swaps, is a swap in
which one party pays a fixed rate and the other pays a floating rate. This instrument is called a plain vanilla
swap, and sometimes just a vanilla swap. Let us look at an example of a plain vanilla swap. At this point,
however, we shall not concern ourselves with the reason why a company enters into a swap. Our goal right
now is to understand the basic characteristics of the transaction.

Structure of a Typical Interest Rate Swap

Consider a firm called XYZ that enters into a $50 million notional principal swap with a dealer called
ABSwaps. The initiation date is December 15. The swap calls for ABSwaps to make payments to XYZ based
on 90-day LIBOR on the 15th of March, June, September, and December for one year. The payment is
determined by three-month LIBOR at the beginning of the settlement period. Payment is thén made at the end
of the settlement period. Thus, the payment on March 15 is based on LIBOR on the previous December 15,
and the payment on June 15 is based on LIBOR on the previous March 15, and so forth. This rate setting and

3Equity swaps are not shown because the market is so small relative to even currency swaps. In addition, the Bank for
International Settlements combines forwards with swaps in repotting the figares for the equity markets. The ‘notional
principal of equity swaps and forwards at the end of 2004 was about one-tenth that of currency swaps.
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settlement procedure is known as advanced set, settled in arrears.* XYZ will pay ABSwaps fixed payments a
rate of 7.5 percent per year. The interest payments can-be based on the exact day count between payment dates,
or the parties could assume 30 days in a month. Here we assume they use the exact day count. In addition, the
parties could base the payment on a360- or 365-day year. We assume that they use 360 days. In the general case,
the party paying a fixed rate and receiving a floating.rate will have:a cash flow at each interest payment date of

where it is understood that LIBOR is determined on the previoﬁs settlement:date (advanced set, settled in
arrears). ‘ - ‘ : V

The fraction of the year calculation is known as the accrual period. There are many different ways to
compute the accrual period. You can compute the actual number of days between two dates or use a method
known as “30/360” day count method. The treatment of weekend and holidays also varies. The number of
days in a year also can vary, including 360 days, 365 days, actual number of days, and so forth. Whether the-
swap is advanced set, advanced settled, or advanced set, settled in arrears—as well as the way in which the
accrual period is computed—are important considerations when designing and valuing interest rate swaps.
These technical aspects of swap design are a combination of elements: the convention within a particular -
market for the underlying instrument, the manner in which the dealer customarily quotes swaps, and the
needs or preferences of the end user. ;

FIGURE 12.2

Throughout this chapter we will assume advanced set, settled in arrears and that the accrual period is the
actual number of days divided by 360. From the perspective of XYZ, the payments are

$50,000,000(LIBOR — 0.075) (D"YS]
S 360 .-

So if LIBOR exceeds 7.5 percent, XYZ will receive a payment in the above amount from ABSwaps. If
LIBOR is less than 7.5 percent, XYZ will make a payment to ABSwaps. As we previously mentioned, to
reduce the flow of money, which reduces the credit risk, the two parties agree to net the payments. Thus, one
party makes a net payment to the other. ,

Figure 12.2 shows the cash flows on the swap from the perspective of XYZ. Note that LIBOR on the
previous date determines the payment. Hence, when the swap is initiated, LIBOR on December 15

*An alternative rate settmg and settlement procedure is known as advanced set, advanced settied, where payment is
determined by. LIBOR at the beginning of the settlement period and payment is also made at the beginning of the
settlement period. This type of settlement helps to lower credit risk.
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determines the floating payment on March 15. Then on March 15, LIBOR on that day determines the
payment on June 15. In this manner, the parties always know the upcoming floating payment, but they do not
know any floating payments beyond the next one,.

Nowletusmakeanassumptionabouttheintemstraxesthatpmvailoverthelifeofﬂneswapinorderto
calculate the payments in the swap. Suppose LIBOR on December 15 is 7.68 percent. The first payment occurs
on March 15. Assuming that there is no leap year, there are 90 days between December 15-and March 15. Thus,
on March 15, ABSwaps willowe : :

$50,000,000(0.0768) (59%) = $960,000.
XYZ will owe

$50,000,000(0.075) (-3?0-) = $937,500.

Table 12.1 After-the-Fact Phymehts in Plain Vanilla Interest Rate Swap
Notional principal: ~ * $50,000,000 '

Fixed rate: 7.5% ] i -

Accrual Period: Actual day count and 360-day year

Settlement: Advanced set, settled in amears

Date LIBOR (%) Days in Period ABSwaps Owes XYZ Owes Net to XYZ
Dec 15 7.68 _ :

Mar 15 7.50 %0 $960,000 ' $937,500 $22,500
Jun 15 7.06 92 . 958,833 , ;. 958,833 0
Sep 15 6.06 92 902,111 , 958,833 ~56,222
Dec 15 9N 765917 . © 947,917 ~182,000

Note: This combination of LIBORs on the above dates represents only one of an inf_inité number of possible outcomes to the
swap. They are used only to illustrate how the paymentsare determined and not the likely results.

Since the two parties agree to net the payments, only the difference of $22,500 is paid by ABSwaps to
XYZ. Now let us assume that LIBOR on March 15 is 7.50 percent, on June 15 is 7.06 percent, and on
September 15 is 6.06 percent. Table 12.1 illustrates the payments in this swap. Remember, however, that the .
floating payments on June 15, September 15, and December 15 were not known when the swap was initiated,
and we merely assumed a series of interest rates over the life of the swap far illustrative purposes. The actual
interest rates and payments could be quite different from these. Note also that the parties never exchange the
notional principal, because this would be unnecessary.

On some occasions the parties could specify that both payments be floating. Suppose that instead of
paying 7.5 percent fixed, XYZ would prefer to pay a floating rate based on the Treasury bill rate. Of course
XYZ receives a floating rate based on LIBOR. Since LIBOR is the rate paid by a London bank, which is a
private borrower, and the Treasury bill rate is the rate paid by the U.S. government, LIBOR will always be
more than the Treasury bill rate. Obviously XYZ would prefer to receive a higher rate, but ABSwaps would
not agree to such a transaction because it would always lose money. ABSwaps would be willing to do the
transaction, however, by adding a spread to the Treasury bill rate or deducting a spread from LIBOR. This
type of swap is called a basis swap, because the underlying is the basis risk in the relationship between
LIBOR and the Treasury bill rate. In order to determine an appropriate spread, we must learn how to
determine the prices and values of swaps.
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Pricing and Valuation of Interest Rate Swaps

In the example of the plain vanilla swap in the previous section, we assumed a fixed rate of 7.5 percent. This
is not an arbitrary rate. The dealer, ABSwaps, determined this rate by taking into account current interest rates
and its ability to hedge the risk associated with this transaction. Just as we priced options, forwards, and
futures by eliminating the opportunity to earn an arbitrage profit, we must do similarly with swaps. For plain
vanilla swaps, we must determine the fixed rate in a process-called pricing the swap. We do this in such a
manner that there is no opportunity to earn an arbitrage profit. Recalling that a swap has zero value at the
start, we determine the fixed rate so that the present value of the stream of fixed payments is the same as the
present value of the stream of floating payments at the start of the transaction. Thus, the obligations of one
party have the same value as the obligations of the other at the start of the transaction.

In order to understand interest rate swap pricing, we must first take a slight digression and look at floating
rate bonds. A floating rate bond is one in which the coupons change at specific dates with the market rate of
interest. Typically the coupon is set at the beginning of the interest payment period, interest then accrues at
that rate, and the interest is paid at the end of the period. The coupon is then reset for the next period. The
coupon is usually determined by a formula that defines it as a specific market rate, such as LIBOR, plus a
spread to reflect the credit risk. Since we are not addressing credit risk at this stage of the book, we shall
assume a zero credit spread. -

Suppose we are given a term structure of interest rates of Ly(t,), Ly(t,), . . ., L(t,) where the Ls represent
LIBOR for maturities of t, days, t, days, and so forth, up to t, days. Thus, if we are looking out two years at
quartetly intervals, t, might be 90, t, might be 180, t; might be 720. Let By(t,) be the price of a $1 discount
(zero coupon) bond based on the rate Ly(t,); a similar pattern applies for other discount bond prices. Thus,

Bo(t1)= l : . BO(t2)=—<_l'_?—;'"r'-9 ‘Bo(tn)=___L__t_..
1+ Lo(tl)(:—;;a) 1+ Lo(tz)(a%‘o) 1+Ly(t,) (3—2—0)

In other words, the bond price for a maturity of t, days is the present value of $1 in t, days, using the
LIBOR method of discounting, which is based on a bond with add-on interest. Thus, these zero coupon bond
prices can be viewed as present value factors, so we can use them to discount future payments.

Consider a one-year floating-rate bond, with interest paid quarterly at LIBOR, assuming 90 days in each

. quarter. Assume a par value of 1. Thus, at time 0, 90-day LIBOR is denoted as L,(90). Ninety days later,
90-day LIBOR is denoted as Lyy(90), and L,5,(90) and L,,,(90) are the 90-day LIBORs over the remainder of
the life of the loan. Of course, only Ly(90) is known at the start. The party buying this floating-rate bond
receives the payments shown in Figure 12.3, where q = 90/360. :

Note the payment at the maturity date, day 360, of the principal plus the interest of L76(90)(90/360).
Now step back to'day 270 and determine the value of this upcoming payment. To determine this value, we
would discount 1 + L,;,(90)(90/360) using an appropriate one-period discount rate, which is L,;4(90). Let us
denote the value of this floating rate bond on day 270 as FLRB,,,, which is obtained as

14 E2p(90)(90/360)
PR = 1L (90) (907360)

Hence, the value of the floating-rate bond on day 270 is its par value of 1. Now step back to day 180 and
determine the value of: the floating-rate bond. From day 180 and looking ahead to day 270, the holder of the
bond knows that he will receive a coupon of L,;,(90X(90/360) and will hold a bond worth FLRB,,, = 1,
which the equation above tells us is equal to 1. He will then discount thése two values at the appropriate one-
period rate L,;,(90). Thus, S : :
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FIGURE 12.3 [

"‘;‘1;1:;,80(90)(96/360)_ |

FLRB,g, = =
180 ™1 + L, (90)(90/360)

Continuing this procedure back to day 0 shows that the value of the floating-rate bond at any payment
date, as well as on the initial date, is 1, its par value. This will always be the case if the coupon does not
contain a spread over LIBOR. A floating-rate bond is designed such that its price will stay at or near par value.
Between the interest payment dates, its price can stray from par value but it would take a very large interest
rate change for it to deviate much from par value. The result that the value of a floating-rate bond is par at
its payment date is an extremely important one, and one upon which we shall rely heavily when pricing and

valuing interest rate swaps.> _ :

Now let us consider what we mean by the value of a swap. Look back at Figure 12.2. A plain vanilla swap
is a stream of fixed interest payments and a stream of floating interest payments. The fixed interest payments
are similar to those of a fixed-rate bond, except that a fixed-rate bond would pay back its principal at maturity.
Likewise, the floating interest payments are similar to those of a floating-rate bond, except that the floating-
rate bond would pay back its principal at maturity. An interest rate swap, of course, does ot involve principal
payments. Suppose, however, that we add and subtract the notiomal principal at the termination date of the
swap. The cash flows would still be the same as those on a swap, but now we could view the fixed payments
as though they were the cash flows on a fixed-rate bond, and the floating payments as though they were the
cash flows on a floating-rate bond. ‘ ‘

FIGURE 12.

SClearly, credit risk changes may cause floating rate bonds not to trade at par. Credit risk changes and other technical
nuances are beyond the scope of this introductory book.
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Consider Figure 124, which depicts the cash flows on the one-year quarterly swap, assuming a general
fixed rate of R and a floating rate of 90-day LIBOR. The notional principal is 1. Note that the payment of a
principal of 1 offsets the receipt of a principal of 1 on day 360. Thus, these cash flows are identical to those
on a plain vanilla swap. Note that the fixed cash flows, including the principal, are identical to those of a
fixed-rate bond with coupon R, and the floating cash flows, including the principal, are identical to those of a
floating-rate bond with the coupon at LIBOR. The inclusion of the principals on both the fixed and floating
sides is critical, because otherwise the fixed and floating cash flows would not be identical to those of fixed-
and floating-rate bonds.

It should now be apparent that a pay-fixed, receive-floating swap is equivalent to issuing a fixed-rate
bond and using the proceeds to purchase a floating-rate bond. Thus, the value of a swap to pay a fixed rate
and receive a floating rate is equal to the value of the floating-rate bond minus the value of the fixed-rate
bond. ' '

To make these results a little more general, let us consider a swap with n payments, made on days
tisty, . . ., t,. The value of the corresponding fixed-rate bond, Vg, with coupon R is easy to determine:

where By(t,) is the discount factor, as discussed above, for the period 0 to day t.. In other words, it is the value
of an m-day zero coupon bond with maturity on day t. Each coupon R((t; —t;_;)/360) is multiplied by the
discount factor. In addition, the final principal of 1 (omitted in the equation above) is multiplied by the
discount factor for day t,. The above expression is simply the present value of the interest and principal
payments on a fixed-rate bond. - N ] ( v
The present value of the floating-rate bond at time 0 is extremely simple, Now, we must recall what we
learned about a floating-rate bond. That value at any coupon date as well as at the start is the par value, here
1. Thus, the value of the floating-rate bond is : .

Suppose we are at a date such as time t, which we shall position between time 0 and time t,. How would we
value the swap at this point? Recall that we would know the upcoming floating payment, Ly(t, Xt,/360), because
this rate was known at time 0. We also know that the floating-rate bond will be worth 1 at time t,. Thus, we can
simply discount 1 — Ly(t,)((t; — t)/360) by the rate L(t,):

Though this formula is written for the case of t between 0 and t,, it is easily adapted to any pair of dates.
In fact, the previous payment date ‘can always be viewed as time 0 and the next one as time 1, meaning the
first payment to come. :

Thus, the value of the plain vanilla swap to receive a floating rate and pay a fixed rate is
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This result is based on a notional principal of 1. For any other notional principal, simply multiply VS
by the notional principal. Also note that from the counterparty’s perspective, the value is found
by subtracting Vg gp from Vpygs. This, of course, would be the value of the plain vanilla swap for paying a
floating rate and receiving a fixed rate. - B

This formulation takes the fixed rate, R, as already known. At the beginning of the life of the swap, the fixed
rate is set such that the value of the swap is zero. In this manner, each party’s obligation to the other is the same.
Hence, the swap has zero value to both parties, and neither pays the other anything at the start. To establish the
value of R at the start, we must solve for R such that the present value of the stream of fixed payments plus the
hypothetical notional principal equals 1, which is the present value of the stream of floating payments plus the
hypothetical notional principal. Thus, R is thecouponmteonaparvaluebond.WeﬁndeysetﬂngVszcro
and solving for R to obtain (where ¢ = ((tl t,_l)l360), which we assume is constant for all 1))

This is a simple calculation to perform. An example i 1s ﬂlustrated in Table 12.2.

Swap dealers perform this calculation to determine the fixed rate, but they typically quote the rate to tlmr
customers in a different manner. To make money, dealers must pay a lower fixed rate when they enter into a
pay-fixed, receive-floating swap, and receive a higher fixed rate when they enter into a pay-floating, receive-
fixed swap. For example, the dealer might quote a rate of 9.79 percent for a swap in which the dealer receives
a fixed rate and 9.71 percent for a swap in which the dealer pays a fixed rate.

Many dealers quote their rates electronically and make them available through various data service
providers. However, sometimes the dealer does not quote the receive fixed or receive floating swap rates in
this form. For example, to quote either rate on a two-year swap, the dealer determmes the rate on a two-year

Table 12.2 Pricinga Plain Vanilla Interest Rate Swap

Scenario: Quantum Electronics enters into a two-year $20 million notional principal interest ate swap in which it promises to pay '
a fixed rate and receive payments at LIBOR. The payments are made every six months based on the assumption of 30 days per
month and 360 days in a year. The term structure of LIBOR interest rates and the zero coupon bond prices based on those rates
are given as follows:

Term . Rate - - R - Discount Bond Price

180 days L{180) = 9.00% C o B4180) = 11+ 0.09%180/360) = 0.9569
360 days 1Lo(360) = 9.75% . ‘ By(360) = 1/(1 + 0.0975(360/360)) = 0.9112
540 days Lo(540) = 10.20% By(540) = 1/(1 4+ 0.1020(540/360)) = 0.8673
720 days Ly(720) = 10.50% _ By(7 20) = 1/(1 + 0.1050{720/360)) = 0.8264
With q = 180/360, then 1/q = 360/180 and the fixed rate would, therefore, be k
360 - 1—0.8264 :
== =0.0975.
R (180)(0.9569 +09112+0.8673 + 0.8264) 0 09‘ >

Thus, the rate would be 9.75 percent. The swap fixed payments would be .
$20,000,000(0.0975)(180/360) = $975,000.
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government security, such as a U.S. Treasury note. Suppose this rate is 9.60 percent. Then 9.79 percent would
be quoted as the 2-year Treasury rate plus 19, and 9.71 percent would be quoted as the 2-year Treasury rate
plus 11. This procedure enables the dealer to make a quote that will hold up for a period of time. If interest
rates make a quick move, the Treasury rate will move and the quoted swap rate will still be aligned at a fixed
spread over the Treasury rate. : . : '

The spread of the swap rate.over the corresponding Treasury rate is referred to as the swap spread and
reflects the general level of credit risk in‘the global economy. That is, LIBOR is a borrowing rate that reflects
the credit risk of London-based banks. The Treasury note rate reflects the default-free borrowing rate of the
U.S. government as well as several other unique features like being exempt froin state and local taxes. When
the economy weakens, credit risk becomes greater and the spread between LIBOR and the Treasury rate
widens, leading to a larger swap spread. : o : ‘

As we discussed, the swap would have a value of zero at the start. As soon as interest rates change or time
elapses, however, the swap will move to a nonzero value. In other words, its value to one party will be
positive, and its value to the other will be negative. Table 12.3 illustrates how the Quantum Electronics swap
is valued three months into its life, or half-way between the initiation date and the first payment date.

Valuation of a swap is extremely important. If a firm enters into a swap, it knows that, ignoring the
dealer’s spread, the swap has a zero value at the start. It is neither an asset nor a liability. Once time elapses
or interest rates change, however, the value of the swap will move to a positive value for one party and a
negative value for the other. If the swap has a positive value, it is an asset. If it has a negative value, it is a
liability. Proper accounting practice requires that swaps be valued, their gains and losses shown on the
balance sheet. Moreover, any financial officer responsible for a firm’s swaps would want to know the values
of its swap to determine how well the transaction is performing. Another reason why valuation is important
is that it is a measure of the credit risk in a transaction. Suppose your firm holds a swap worth $100,000.

Table 12.3 Valuing a Plain Vanilla Interest Rate Swap During its Life

When the Quantum Electronics swap was first established; the first floating payment was set at the 180-day rate of 9 percent. For
a $1 notional principal, the payment would be 0.09(180/360) = 0.045. The fixed payment is at 9.75 percent, so it would be
0.0975(180/360) =0.04875. To value the swap 90 days into its fife, we need the new term structure of interest rates as follows:

Term Rate : ] Discount Bond Price

90 days o Leg(90) = 9.125% . : Boo(70) = 1/(1 + 0.09125(90/360)) = 0.9777
270days . . , L50f270) = 10.000%. - . Boo270) = 1/(1 + 0.10{270/360)) = 0.9302
450 days .  Lgg450) = 10.375% +.. - By{450) = 1/(1 + 0.10375(450/360)) = 0.8852
630 days Loo(630) = 10.625% Boo(630) = 1/(1 + 0.10625(630/360)) = 0.8432

The value of the fixed payments, including the hypothetical notional principal, is

Vixsg = 0.04875(0.9777 + 0.9302 + 0.8852 -+ 0.8432) + 1.00.8432) = 1.02046963.

The value of the floating payments, including the hypothetical notional principal, is based on discounting the next floating
payment of 0.045:and the market value of the floating-rate bond on the next payment date, which is 1:

Veurs = (0.045 + 1.0(0.9777) = 1.0216965,
Thus, the value of the swap per $1 notional principal is. B

VS = 1.0216965 — 1.02046963 = 0.00122487.

Taking into account the $20 million notionallprincipal, the value of t-hé swap is
$20,000,000(0.00122687) = $24,537.
To the counterparty, the value of the swap s —$24,537. o

SWe shall cover derivatives accounting in Chapter 16.
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Because the obligations of the counterparty exceed the obligations of your firm by $100,000, you are
susceptible to losing $100,000 if the counterparty defaults.” Yet another reason why we would want to know
the value of the swap is that we might wish to terminate the swap position. We could do this by selling it back
to the counterparty if it has a positive value or buying it back from the counterparty if it has a negative value.
We shall discuss this procedure later in this chapter. ; :

Thus, having a position in a swap and determining its value is, in principal no different from owing a
stock, looking into the market, and seeing what its price is. More calculations are required with swaps,
because unlike stock, a swap is a customized instrument that does not trade in an open market where its value
can be read off of a computer screen. Nonetheless, the information necessary for valuing the swap can be
observed in the market, and the calculations can be easily made. Alternatively, an end user can simply ask the
dealer counterparty for a valuation at any time during the life of the swap.

We have been discussing the pricing and valuation of plain vanilla interest rate swaps. Recall that we also
briefly discussed the basis swap, which is a swap in which both sides make floating payments. One common
type of basis swap is where one side pays the Treasury rate and the other pays LIBOR. As we noted, the side
paying LIBOR would always be paying the higher rate so it would need to be compensated with a fixed
spread. To price this swap, let us make the present value of the payments at the Treasury bill rate equal the
present value of the payments at LIBOR by incorporating a spread. Consider the following:

A swap to

pay the T-bill rate
receive a fixed rate derived from the T-bill term structure
Plus,
A swap to
pay a fixed rate derived from the LIBOR term structure
receive LIBOR

Equals ‘ .
a swap to pay the T-bill rate and receive LIBOR, and pay the difference between the LIBOR fixed
rate and the T-bill fixed rate.

Thus, a basis swap to pay the T-bill rate and receive LIBOR will also involve paying the difference
between the LIBOR fixed rate and the T-bill fixed rate. This should make sense from a logical point of view:
LIBOR is greater than the T-bill rate so the party receiving LIBOR would have to give up something. Table
12.4 illustrates the pricing of this swap. In it we price a swap using both the T-bill term structure and the
LIBOR term structure. The spread between these fixed rates is the spread on a basis swap.

Now suppose we move three months into the life of the swap and wish to obtain its value. Table 12.5
shows how to value the basis swap during its life. : ‘ ~ ‘

Interest Rate Swap Strategies

Now let us return to the example we used at the beginning of the chapter. Recall that a firm called XYZ entered
into a swap to pay a fixed rate and receive a floating rate. Now, we want to understand why XYZ would do
this transaction. Suppose the current date is December 15. XYZ has a one-year floating-rate loan at LIBOR
plus 100 basis points. The payments are on the 15th of March, June, September, and December, and the
interest is calculated based on the actual number of days in'the period divided by 360. If XYZ would prefer

"We shall cover credit risk in more detail in Chapter 15.
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Table 12.4 Pricing a Basis Swap

Consider a one-year swap with semiannual payments to pay the T-bill rate ‘and receive LIBOR minus a spread with payments
based on days/360, assuming 30 days in a month. The notional principal is $50 million. The term structures are as follows:

Term LIBOR v Discount Bond Price
180 days e 701% B4(180) = 1/(1 + 0.0701(180/360)) = 0.9661
360 days ' / O T.21% ) B,(360) = 1/(1 + 0.0721(360/360)) = 0.9327
Term ’ 7 ‘ _ il Rate ‘ ; , Discount Bond Price
180 days 5.05% : B,(180) = 1 — 0.0505(180/360) = 0.9748
360 days 5.95% By(360) = 1 ~ 0.0595(360/360) = 0.9405

'Note that the T-bill discount factor is determined using the discount method, while the LIBOR discount factor is determined using the
add-on method. Thtsrsﬁieoonvefmonmﬂ:etwomarkets,aswehweseenmprevmd\amers Solving for the LIBOR fixed rate, we

obtain ;
30Y(  1-09327 ,
R '(ﬁ)( 0.9661+ 0.9327) = 0.0705.

Solving for the T-bill fixed rate, we obtain
R= ( 3_69) 1-0.9405
180 J 0.9748 + 0.9405

The spread is, thus, 0.0709 — 0.0621 = 0.0088. Thus, in this swap, the party paying the T-bill rate would pay 88 basis points more,
or the party paying LIBOR would pay 88 basis pomts less. We shall assume that the party paying LIBOR pays.LIBOR minus 88
basis points. .

)=0.0621.

Table 12.5 Valuing a Basis Swap During its Life
Consider the swap described in Table 12.4. Now it is 90 days into the life of the swap. The new term structures are as follows:

Term LIBOR Discount Bond Price
90 days - o 120% , - Byo(90) = 1/(1 + 0.072(90/360)) = 0.9823
270days ‘ T U735% o - " Bygl270) = 17(1 4+ 0.0735(270/360)) = 0.9478
Term . . ThillRate o Discount Bond Price
90 days : L. 530% » , Bgol90) = 1 — 0.053(90/360) = 0.9868
270 days . o 620% : Byg270) = 1 — 0.062(270/360) = 0.9535

The present value of the ﬂoatmg T-bill payments can be found by dlscounung the upcoming payment:plus the par value of the
payments on the next payment date, which as we saw is the market value of the floating-rate bond on the next payment date.
The next payment will be at the rate of 5.05% because this was the 180-day rate when the swap was mntnated

(1+0. 0505(1 80/360))(0.9868) == 1.01 17167

The upcoming LIBOR payment w:ll be at 7 01% mmus the spread of 0.0088 = 0.0613. Then the present value of the LIBOR
payments will be

(1+0. 0613(1 8(5/360))(0 .9823) = 1.01 24075
Then the valye of the swap to pay the T-bill rate and receive LIBOR for a $1 notional principal will be
1.0124075 — 1.0117167 = 0.0006908.
Based on the $50 milfion notional principal, the value of the swap will be
$50,000,000(0.0006908) = $34,540.
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a fixed-rate loan, it can easily convert the floating-rate loan into a fixed-rate loan by engaging in the swap we
described. Recall that in that swap, XYZ pays a fixed rate of 7.5 percent and receives LIBOR. Figure 12.5
shows that the swap has the effect of leaving XYZ paying a fixed rate of 8.5 percent, reflecting the 7.5 percent
fixed rate on the swap, plus the 100 basis point spread it pays over LIBOR on the floating-rate loan.

Of course, you may be wondering why XYZ did not just take a fixed-rate loan in the first place. One
reason is that because they tend to borrow at floating rates, banks prefer to make floating rate loans. They will
tend to charge a slight premium for fixed-rate loans. In addition, if XYZ takes a floating-rate loan and swaps
it into a fixed-rate loan, it will assume some credit risk from the possibility that the ABSwaps will default. If
XYZ had taken out a fixed-rate loan it would assume no credit risk, because it would not have a claim on any
payments. The assumption of credit risk can result in some savings. Of course ABSwaps could default, and
XYZ would still have to make its floating interest payments to its lender. The savings come at the expense of
assuming the risk of ABSwaps defaulting. .

This example is the most common application of interest rate swaps, particularly by corporations. Indeed
it is probably one of the most common of all financial transactions. It should be easy to see that a swap can
alternatively be used to convert a fixed-rate loan to a floating-rate loan. Corporations often do these types of
transactions to alter their mix of fixed- to floating-rate borrowing to a more desirable level. Some, if not most,
 of these transactions are done in anticipation of interest rate changes. But regardless of the reason, the plain
vanilla interest rate swap, combined with a position in a fixed- or floating-rate bond or loan is a widely used
financial strategy.

Basis swaps are frequently used in speculative situations. Taking the example above, the spread between
the LIBOR and T-bill swap rates is 88 basis points. A party might believe that the spread would widen or
narrow due to changes in the perception of credit risk in the global economy. A basis swap could be used to
speculate on such an occurrence. Likewise, a basis swap could be used to hedge changes in the general level
of credit risk in the global economy. Such a strategy might be useful to a party holding a portfolio of credit
risky bonds, who is concerned about the effects of a deterioration of credit quality in the global economy. As

¢ shall see in Chapter 15, however, there are credit derivatives that work much better in managing credit
risk. , SR , o

Index Amortizing Swaps An index amortizing swap is one in which the notional principal is reduced
as one moves through time. A typical application of this type of swap would be where the party holds another
position in which the notional principal is designed to decline through time. The most common example of
this is the mortgage loan. When a homeowner takes out a mortgage, the loan balance reduces through time
according to a fixed schedule. Homeowners, however, nearly always have the option to prepay and refinance
their mortgages. When interest rates fall, more homeowners exercise their options. The holders of mortgages
thus suffer losses by having their income streams reduced to zero and having to reinvest the prepaid principal
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at lower rates. In an index amortizing swap, the notional principal declines according to a schedule that
specifies an acceleration of the amortization rate if interest rates fall. This results in the swap notional
principal behaving much like the mortgage notional principal. There are numerous variations of this type of
swap.

Securities based on mortgages have become popular mstruments and are often classnﬂed as derivatives.
We discuss them later in Chapter 14.

DIff Swaps A diff swap is an interest rate swap based on the interest rates in two countries but where the
payments are made in a single currency. For example, a U.S. firm might be concerned that German interest
rates will increase relative to U.S. rates. It could hedge this position by purchasing a euro-denominated
floating-rate note and selling a dollar-denominated floating-rate note. This would, however, be assuming
unwanted currency risk. Alternatively, it could enter into a diff swap in which it receives the German interest
rate and pays the U.S. interest rate, with all payments made in dollars. Thus, if German interest rates rise
relative to U.S. interest rates, the swap will result in a net payment m dollars to the firm. Obviously the dealer
in such a swap would incur the currency risk and would probably pass on to the party the cost of hedging that
risk, but presumably the dealer could do it much cheaper

It should be apparent that this swap is simply a cun'ency-hedged basis swap. If the interest rates of one
country are consistently higher than those in the other country, there would be a spread similar to that in a
basis swap negotiated up front.

Constant Maturity Swaps A constant maturity swap is similar to a plain vanilla swap or a basis swap.
One party pays a floating rate such as LIBOR and the other party pays another floating rate represented by the
yield on a security with a maturity longer than the reset period. In other words, if the swap settles every six
months, one party pays a rate on a security with longer than six months’ maturity. Typically this is the yield
on a security with a maturity in the range of two to five years. In dollar-denominated swaps, that rate is often
referred to as the Constant Maturity Treasury (CMT) rate. The CMT rate is the yield on a U.S. Treasury note
with a maturity closest to the maturity of interest. Naturally there is not always a Treasury note with precisely
the desired maturity. In that case, however, the parties agree that the CMT rate will be interpolated from the
rates on securities with maturities slightly above and below the desired maturity. Also, the Federal Reserve
publishes its own estimate of the CMT rate, which is often used.

As an example, consider a three-year swap with semiannual payments in which one party pays the six-
month LIBOR and the other pays the CMT on a five-year U.S. Treasury note. This is just a variation of a basis
swap because both rates are floating. Depending on the shape of the term structure, a spread might also be
paid by the party paying the lower rate. Constant maturity swaps can also have one party paying a fixed rate,
with the other paying the CMT rate. It should be apparent that this is just a variation of a plain vanilla swap
where the floating rate has a longer maturity than the standard LIBOR-based plain vanilla swap.

This observation gives rise to an important arbitrage relationship. If a party enters into a swap paying
LIBOR and receiving the CMT and another swap paying the CMT and receiving the fixed rate, the net result
is a plain vanilla swap paying LIBOR and receiving fixed. The fixed rate would reflect the fixed rate on the
CMT-versus-fixed swap and the spread on the CMT-versus-LIBOR swap.

The parties to a constant maturity swap are obviously concerned about a change in the shape of the term
structure. For example, if a party will be hurt if short-term rates increase more or decrease less than
intermediate-term rates, it could engage in a swap to receive LIBOR and pay the CMT.

As LIBOR is widely used as an indicator of short-term interest rates, the CMT rate is also widely used as
an indicator of intermediate-term interest rates. Consequently, the CMT rate is found as the underlying rate in
many other types of derivatives, including caps and floors.
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These examples are designed to give you a basic familiarity with the most popular variations of the plain
vanilla swap. The number of variations actually seen in practice is much greater than we can show here.
Moreover, many of these variations of interest rate swaps can also be used with commodity, currency, and
equity swaps. If you have a good understanding of what we have covered so far, you should be ready to deal
with the other types of swaps you may some day encounter. :

Though interest rate swaps are more widely used than currency swaps, currency swaps are actually much
more general instruments. This means that, as we shall see, an interest rate swap is just a special case of a
currency swap. ' ‘

CURRENCY SWAPS

As we previously described, a currency swap is a series of payments between two parties in which the two
sets of payments-are in different currencies.® The payments are effectively equivalent to interest payments
because they are calculated as though interest were being paid on a specific notional principal. In a currency
swap, however, there are two notional principals, one in each of the two currencies. In addition, in a currency
swap, the notional principal can be exchanged at the beginning and at the end of the life of the swap,
depending on the parties’ desires. Because currency swap payments are in different currencies, they are
typically not netted. Thus, the first party pays the second the amount owed, and the second party pays the fifst
the amount owed.® - '

Structure of a Typical Currency Swap S

Let us take a look at a currency swap between a hypothetical U.S. firm, Reston Technology, and a
hypothetical dealer, Global Swaps, Inc. (GSI). For now, let us not concern ourselves with why Reston
wishes to enter into this swap. We shall address the motivatien for currency swaps in a later section. So let
us assume that Reston enters into a currency swap with GSI in which it will make a series of semiannual
interest payments in euros to GSI at a rate of 4.35 percent per year, based on a notional principal of €10
million. GSI will pay Reston semiannual interest in dollars at a rate of 6.1 percent for two years, based on
a notional principal of $9.804 million. The two parties will exchange the notional principal at the beginning
and at the end of the transaction. Thus, the following transactions take place: : :
At the initiation date of the swap :
* Reston pays GSI $9.804 million
¢ GSI pays Reston €10 million -
Semiannually for two years
* Reston pays GSI 0.0435(180/360)€10,000,000 = €217,500
« GSI pays Reston 0,061(180/360)$9,804,000 = $299,022
At the termination date of the swap
» Reston pays GSI €10 million
» GSI pays Reston $9.804 million

8¢ is important to clear up some potential confusion over another similarly named transaction. In the foreign currency
markets, a long position in one forward contract and a short position in a forward contract on the same currency but with
a different expiration date is called an FX swap. This type of transaction is, therefore, similar to what we referred to as a
spread when using futures. FX swaps and currency swaps are completely different ransactions, but have similar names.
We shall not cover FX swaps, but given that we covered futures spreads, the similarity should be obvious.

9n 2002 the CLS Bank International began operating as a currency clearinghouse bank, with the objective of allowing
parties to net payments on all types of currency transactions. If this bank is successful in attracting users, netting will
become commonplace on currency swaps, thereby reducing credit risk.
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_ Figure 12.6 illustrates these cash flows from the pomt of view of Reston. Note that the series of cash
flows looks like Reston has issued a euro-denominated bond for €10 million, taken the funds, and purchased
a dollar-denominated bond for $9. 804 million. Dunng the two years, Reston makes payments in euros and
receives payments in dollars. At the end of the two years, Reston pays back the principal of €10 million and
receives the principal of $9.804 million. Of course, Reston does not actually issue a dollar-denominated bond
or purchase a euro-denominated bond. It enters into a swap, but the payments are the same as if it had done
the transactions in bonds. This is an important point to see in understanding how currency swaps are priced.

Note that the initial exchange of notional principals is €10 million:for $9.804 million. Because we said that
swaps normally have zero value at the start, the exchange rate at the time the swap is initiated is $0.9804 per
euro. Of course at the end of the life of the transaction, the same €10 million is exchanged for $9.804 million,
but at that time, the exchange rate will almost surely be different from $0.9804. This exchange rate risk gives
rise to gains and losses for the two parties, which is an important factor in determining the value of the swap.

In this swap, both sets of payments are at a fixed rate, but both could be at a floating rate or either could
be fixed and the other be floating. If a floating rate were used, the dollar floating rate would probably be
LIBOR. The euro floating rate would probably be Euribor, which is the rate at which banks lend euros to each
other in Frankfurt, Germany, the financial center of the European Union.

There are some important relationships between interest rate and currency swaps that we must understand.
Recall that there are four types of currency swaps: (1) paying both currencies at fixed rates, (2) paying both at
floating rates, (3) paying the first currency at a floating rate and the second at a fixed rate, and (4) paying the
second currency at a floating rate and the first at a fixed rate. Using our example of dollars and euros as the two
currencies, Figure 12.7 illustrates how currency swaps can be combined to equal interest rate swaps. We can
combine two currency swaps to produce a plain vanilla interest rate swap. Likewise, we could combine a
currency swap and an interest rate swap to produce another currency swap. For example, consider the first
combination in Figure 12.7. Suppose we combine the swap to pay € fixed and receive $ fixed with the interest
rate swap to pay $ fixed and receive $ floating. This will produce a currency swap to pay € fixed and receive
$ floating. The relationships illustrated in Figure 12.7 are like an algebraic equation. The terms can be
rearranged by changing “pay” to “receive” and vice versa when moving a transaction to the other side of the
equality.

Perhaps the most important relationship between interest rate and currency swaps, however, is the simple
fact that an interest rate swap is just a currency swap involving one side paying floating and the other paying
fixed, but where both currencies are the same. Thus, the currency swap is far more general than the interest
rate swap. The currency swap contains the interest rate swap as a special case.
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Pricing and Valuation of Currency Swaps

A currency swap is a transaction with two streams of cash flows, one in one currency and one in another
currency. Each cash flow stream is based on a different amount of notional principal and each can be at afixed
or a floating rate. To determine the value of a currency swap, we must find the present values of the two
streams of cash flows, with both expressed in a corhmon currency. We subtract the value of the outflow stream
from the value of the inflow stream. ' '

Let us start by considering a currency swap with payments in dollars and euros. Let the dollar notional
principal be NP® = 1 and the euro notional principal be expressed as NP€, but the amount is initially
unspecified. Since the value of the swap should be zero at the start, NP* will be related to NP* by the current
exchange rate. Let S, be the exchange rate, expressed as dollars per euro. Then

for every dollar of notional principal.

FIGURE 12.7¢

Pay $ fioating :
Receive § fixed |

| Pay € flcating -
| Receive $ floating

an

1 Pay € floating o
Receive € fixed -

i

In plain vanilla interest rate swaps, we do not exchange the notional principal.' In a currency swap, the
exchange of notional principals is perfectly normal. The two parties exchange NP?® and NP* at the start. This
exchange has no value as the two amounts are equivalent. At the end of the life of the swap, the parties
reverse the original exchange. At that point, however, the exchange rate is not likely to be S, so the exchange -
is not for equivalent value. In some currency swaps, the notional principals are not exchanged. In the
examples here, we shall assume that the notional principals are exchanged. Later, we shall discuss a
situation in which it would be desirable to not exchange the notional principals.

For our swap with fixed payments in dollars and euros, we first need to determine the fixed rate in dollars '
that will make the present value of the payments equal the notional principal of $1. Fortunately we already
know that rate, because we determined it when pricing the plain vanilla interest rate swap. It is simply the
fixed rate on a plain vanilla swap using the term structure in dollars. Let us denote that rate as RS,

Now we need'to determine the fixed rate in euros that will make the present value of the fixed payments
in euros equal the notional principal of NPE. Of course, we have not yet determined NP€. But first let us note
that if we constructed a plain vanilla swap in euros with a notional principal of €1, the fixed rate would be
found the same way we found the fixed rate in dollars. We would simply use the euro term structure. Let this

1°Remember, however, that we assumed a hypothetical exchéhée of Veqﬁivalentkr'lotional principals so that the two streams
of cash flows would be equivalent to those of fixed- and floating-rate bonds, thereby permitting us to value the swap as
though it were a long position in one bond and short position in the other. :
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rate be denoted as R€. The present value of the fixed payments in euros at this rate would be €1. The value of
the euro payments for the actual swap would be found by discounting them at a rate of R and then
multiplying by the notional principal of NP€

If either set of payments is at a ﬂoatmg rate, we can find their present value using the same method we
used for plain vanilla interest rate swaps. We dxscount the next floating payment, which will be known
because it has already been established, and also the value of the swap at the next payment date, which is
known to be the notional principal of 1 (either dollars or euros). After obtaining the values of both sets of
payments in their respective currencies and multiplying each by the notional principal, we then convert them
to a common currency.

Let us now work a problem. Recall the Reston-GSI swap that we prev1ous1y discussed. Table 12.6
presents the term structures in dollars and euros and solves for the fixed rate on plain vanilla swaps in both
currencies. Recall that we are interested in a currency swap involving semiannual payments for two years.

We see in Table 12.6, that a plain vanilla interest rate swap in dollars would be at a rate of 6.1 percent,
while a plain vanilla interest rate swap in euros would be at a rate of 4.35 percent. Thus, the present value of
a stream of dollar payments with a hypothetical notional principal of $1 at a rate of 6.1 percentis $1. The
present value of a stream of euro payments with a hypothetical notional principal of €1 at a rate of 4.35
percent is €1. These are the rates we have been using in the Reston-GSI swap.

Recall that the Reston-GSI swap has notional pnnclpals of $9.804 million and €10 million. Thus, the
current exchange rate must be $0.9804. Since the present value of the dollar payments at 6.1 percent per $1
notional principal is $1, the present value of the dollar payments at 6.1 percent for a notional principal of
$9.804 million would be $9.804 million. The present value of the euro payments at 4.35 percent for a notional
principal of €1 is €1, so the present value of the euro payments at 4.35 percent for a notional principal of €10

Table 12.6 Solvmg for the Fixed Rate in Two Currencies

~

The following term structures, discount bond prices, and the résulting swap fixed rates are given below:

Term . : Dollar rate’ S Discount Bond Price

180 days 5.5% Bos(1 80) = 1/(1 + 0.055(180/360)) = 0.9732
360 days : <. 55% AR Bo‘ (360) = 1/(1 + 0.055(360/360)) = 0.9479
540 days o 6.2% . , BD‘ (540) = 1/(1 + 0.062(540/360)) = 0.9149
720 days 6.4% ‘ . Bo’ (720) = 1/(1 + 0.064(720/360)) = 0.8865
The fixed rate on a dollar plain vanilla interest rate swap would be

RS =(@) 1= 08865 =0.061.
180 /| 0.9732 +0.9479 + 0.9149 + 0.8865

Term , , _ Eurorate ; ] Qiscouﬁt Bond Price

180.days :3.8% - : : Bo-‘(‘l 80) = 1/{1 + 0.038(180/360)) = 0.9814
360 days - 4.2% : B(,C {360) = 1/(1 + 0.042(360/360)) = 0.9597
540 days. . - o 44% ) ) B(-,C (540) = 1/(1 + 0.044(540/360)) = 0.9381
720 days ‘ 4.5% ) Bp‘ (720) = 1/(1 + 0.045(720/340)) = 0.9174

The fixed rate on a euro.plain vanilla interest rate swap would be:

360 1-0.9174
R = (—) =0.0435.
180 (0.9814 +0.9597 0.9381+ o.9174) 5
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million would be €10 million. Converting €10 million to dollars gives €10,000,000 ($0.9804) = $9,804,000,
which is the dollar notional principal. Thus, these two interest rates, the exchange rate, and the two notional
principals equate the present values of the two streams of payments at the start of the transaction.

If either set of payments is at a floating rate, we do not have to solve for a fixed rate and can be assured
that the present value of the payments equals one unit of notional principal in the given currency. We know
that because we know from studying interest rate swaps that the present value of the stream of floating
payments is equivalent to the present value of the stream of fixed payments, provided the appropriate fixed
rate is used. '

Although the swap value is zero at the start, after the swap begins, its value will change. Valuation of the
currency swap is obtained by finding the present value of the two streams of payments per unit of notional
principal. This is precisely what we did when valuing an interest rate swap. We then adjust the value of the
foreign stream of payments by the actual foreign notional principal and then convert it to the domestic
currency using the new exchange rate. Let us illustrate this in Table 12.7, three months into the life of the
swap with the new exchange rate being $0.9790. In addition to finding the present value of the fixed
payments, as in this actual swap, we shall also determine the present value of the payments as if they were
floating so that we can examine the valuation of the swap if it had been designed with floating payments.

The values computed in Table 12.7 are the values of the streams of payments per notional principal of
either $1 or €1. Consider this the standard case. Now we must determine the values for the actual notional
principals in the swap. ‘

The value of the dollar fixed payments for a notional principal of $9.804 million is

$9,804,000(1.01132335) = $9,915,014.
If the payments had been floating, their value for a notional principal of $9.804 million would be
| $9,804,000(1.013115) = $9,932,579.
The value of the euro fixed payments for a notional principal 6f €10 million is
~ €10,000,000(1.00883078) = €10,088,308.
If the euro baymenté ‘had been ﬂdating, their value for a notional prihcipal of €10 million would be
€10,000,000(1.0091157) = €10,091,157. |

To determine the value of the currency swap, we must do two final things. We must first convert the
values of the two streams of cash flows into a common currency and then net the two amounts. Typically we
would prefer to convert to the home currency of the party from whose perspective we are valuing the swap.
The actual swap was for Reston to pay euros fixed and receive dollars fixed. With an exchange rate of
$0.9790, the value of the swap in dollars would be ' e

$9,915,014 — €10,088,308(30.9790/€) = $38,560. " -

Since we have the necessary information; let us determine the values of the other possible swaps Reston
could have arranged. The value if the swap had involved paying euros fixed and receiving dollars floating
would be e coi e e L

$9,932,579 — €10,088,308($0.9790/€) = $56,125.
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Table 12.7 Valuing a Currency Swap During Its Life

Three months into the Reston-GSl swap, the new term structures and zero coupon bond prices for dollars are

Term S Dollar rate o - ~ Discount Bond Price

90days . 51% L Boc’(90) = 141 + 0.057(90/360)) = 0.9860
270 days ; ; 1% | Boe270) = 1/(1 + 0.061(270/360)) = 0.9563
450 days 6.4% BocS(450) = 1/(1 + 0.064{450/360)) = 0.9259
630 days 6.6% BecS(630) = 1/(1 + 0.066(630/360)) = 0.8965

The present value of the dollar fixed payments of 0.d61(1 80/360) F;Ius a $1 notional principal is

0061( )(09860+09563+0.9259+08965)+1 0(0.8965)=1 01132335

If the swap had been designed w1th ﬂoatmg payments the present value of the dollar floating payments would be found by
discounting the next floating payment, which i isatthe ongmal 180-day floating rate of 5.5%, plus the market value of the floating-
rate bond on the next payment date:

- 180 P
1.0.+0.0! 0.9860 =1.013115
)
The new term structure and discount bond prices for the euro are

Term : Euro rate : Discount Bond Price

90 days 3 9% By(90) = 1/(1 + 0.039(90/360)) = 0.9903
270 days ) 4.3% ‘ Byo(270) = 1/(1 + 0,043(270/360)) = 0.9688
450 days - 45% Byo (450) = 1/(1 + 0.045(450/360)) = 0.9467
630 days 4.6% . . . Be™630) = 1/(1 + 0.046(630/360)) = 0.9255

The present value of the euro fixed payments of 0.0435(180/360) plus a €1 notional principal is
00435(360)(09903+09688+09467+09255)+1 0(09255)-1 .00883078

if the payments were floating, the present value of the euro payments would be found by discounting the next floating payment,
which is at the original 180-day floating rate of-3.8%, plus the market vahue of the floating-rate' bond on the next payment date:

180 (N0
(194-0.038(360)) 0.9903 = 1:0091157.

The value if the swap had involved paying euros floating and receivihg:dol_lars fixed would be
9,915,014 — €10,091,157(50.9790/€) = $35,771. .

The value if the swap had involved paying euros floating and receiving dellars floating would be
$9 932,579 —£10,091,157($0. 9790l€) = $53 336.

Note that the value of a currency swap is dnven by changes in interest rates between the two countries and
the change in the exchange rate. But regardless of the determinants, the value of a currency swap is simply the
present value of one stream of payments minus the present value of the other stream of payments, accounting
for the notional principals, and converting the payments to a common currency.
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Currency Swap Strategies

We discussed the Reston-GSI swap without explaining why Reston might wish to enter into the swap. Now
let us take a look at the possible motivation for Reston to do this transaction. -

Reston Technology is an established Internet company in Northern Virginia’s technology corridor. It is
planning to expand its operations into Europe. To do so, it needs to borrow €10 million. It would like to issue
bonds at a fixed rate and pay them back semiannually over two years. At the current exchange rate of $0.9804
per euro, Reston could borrow $9,804,000 and convert this amount to euros. Its expanded operations,
however, will generate cash flow in euros so it would prefer to make its interest payments in euros.

While Reston considers borrowing in euros, its primary bank has a subsidiary, Global Swaps, Inc. (GSD),
which is a large global derivatives dealer. GSI suggests that Reston borrow in U.S. dollars and engage in a
currency swap to convert its loan to euros. Specifically Reston would borrow $9,804,000 in the U.S. market
and enter into a currency swap with GSI in which GSI pays Reston 10 million up front and Reston pays GSI
$9,804,000 up front. Of ceurse, Reston would get this $9,804,000 from the loan it takes out in dollars. As we
know from previously examining the swap, GSI will pay Reston interest in dollars at 6.1 percent
semiannually for two years, and Reston will pay GSI interest at 4.35 percent in euros semiannually for two
years. During this two-year period, Reston will make semiannual interest payments to its creditor at the rate
it borrows at in dollars. After two years, GSI will pay Reston $9,804,000, which it will use to pay off its loan.
Reston will pay GSI €10 million. The net effect is that Reston has issued a loan in dollars, but converted it to
a loan in euros. - ' S

Reston is not likely to be able to borrow in dollars at the swap dollar fixed rate of 6.1 percent. That rate applies
to high-quality London-based banks. Let us assume that Reston borrows at 6.5 percent. Thus, its loan interest
payment will be $9,804,000 (0.065(180/360)) = $318,630. The overall transaction, consisting of the swap and the
loan, is illustrated in Figure 12.8. )

While Reston could have borrowed in euros, it would not likely have obtained terms as favorable as it
gets by borrowing in dollars and using its relationship with GSI to save some money on the conversion of
dollars to euros. GSI is a subsidiary of a large global bank, and can use its contacts, reputation, and expertise
to operate on behalf of Reston in the international markets. GSI will hedge whatever risk it assumes.

Another reason why Reston might get better terms by borrowing in dollars and swapping into euros
rather than borrowing in euros is that it assumes some credit risk resulting from the possibility that GSI might
default. If GSI defaults, Reston would still have to make the dollar payments on its loan. If Reston berrowed
in euros, it would have no credit risk, because it would not be receiving any payments from another party. For
assuming this credit risk, Reston may be able to obtain a better rate.

Another possible use of a currency swap is in hedging a stream of foreign cash flows. Suppose that a firm
expects to recéive a stream of equivalent cash flows from its foreign operations. As we have discussed in
previous chapters, it could use options, forwards, or futures to hedge the conversion of that stream into its
domestic currency. But swaps can also be used. In this case, however, the fitm would prefer a currency swap
that does not involve the payment of notional principal. U . : :

For example, consider a firm called FXI with a Swiss subsidiary that generates annual cash flows of SF20
million, which are converted into dollars on the last day of the year. FXI would like to hedge the conversion of
these cash flows into dollars for the next five years. In our previous treatment of currency swaps, we did not
cover the pricing of currency swaps that do not involve the exchange of notional prmclpalsThxs procedure is
only slightly harder and simply requires the omission of the notional principal and the calculation of forward
rates. Let us just assume that the fixed rate for such a swapis 5 percent for Swiss francs and 6 percerit for dollars.
The exchange rate is $0.65. The swap will consist of annual payments. o B
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DeErRIVATIVES TooLs

Concepts, Applications, and Extensions : o , :
Valuing a Currency Swap as a Series of Currency Forward Contracts

In Chapters 8 and 9, we leamed about currency forward contracts, in which one party agrees to pay a
certain amount of money in one currency at a future date, while the other agrees to pay a certain
amount of money in another currency on that same date. Thus, the two parties have implicitly agreed
to exchange a given amount of two currencies at a fixed rate at a future date. A currency swap is
similar to a currency forward contract, but there are important differences. First, there is a series of
exchanges of currency as opposed to a single exchange. Thus, a currency swap can be viewed as a
combination of several currency forward contracts. Second, a currency forward contract is priced
using the interest rates in the two countries and the exchange rate such that the contract will have
zero value at the start. A currency swap is a series of payments in which the overall value is zero. Some
of the component payments do not, however, have zero value. B

- Let us take a look at how a currency swap can be viewed as a series of currency forward
contracts using the Reston-GSI currency swap we discuss in this chapter. Recall that the swap
calls for Reston to pay euros to GSI and receive dollars from GSI. The notional principal is
$9.804,000 and €10,000,000, which is based on the exchange rate of $0.9804. The term
structures and associated information are repeated in the table below. Recall that we found the-
dollar rate as 6.1 percent and the euro rate as 4.35 percent. The payments were obtained as

. R , 1
Dollar payments: 9. w4.000(0-061)(£) =299,022.

) 180
Dollar payments: 10,000,000(0.0435)(—363) =217,500.

Term : Dollarrate Discount Bond Price

" 180 days ' ' 5.5% ‘ B,}180) = 1/(1 + 0.055(180/360)) = 0.9732
360 days’ 55% B¥(360) = 1/(1 + 0.055(360/360)) = 0.9479
540 days . L 62% o BGY540) = 1/(1 + 0.062(540/360) = 0.9149
720 days : 64% R B} (720) = 1/(1 + 0.064(720/360)) = 0.8865
Term Euro rate a R Discount Bond Price
180 days 38% ' Bo5(180) = 1/(1 + 0.038(180/340)) = 0.9814
360 days 42% Bo&(360) = 1/(1 + 0.042(340/360)) = 0.9597
540 days . 4.4% o B,S(540) = 1/(1 + 0.044(540/360)) = 0.9381
720 days 45% . - Bo®(720) = 1/(1 + 0.045(720/360)) = 0.9174

Thus, the streams of payments for Reston are .
Four payments at 180, 360, 540, and 720 days:
Pay €217,500 oo .
Receive $299,022 .
One payment at 720 days:
Receive $9,804,000 o o
Let us treat these payments as forward contracts and find their market values. We shall,
however, need to know the forward rates for the euro in terms of dollars. In Chapter 9 we learned
how interest rate parity provides the forward rate based on the spot rate compounded at the
domestic interest rate and discounted at the foreign interest rate. These forward rates are as
follows:
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_ 540-day forward rate: $09%4 U:gﬁii;ﬁ ; gg) =$1.0052.
720-day forward rate: $0.9804 U : ggﬁgg ; 33:?)%) =$1.0146.

Now we can find the market values of the forward contracts that are implicitly contained
within the swap. The swap consists of either four or five payments, depending on how one views
the last payment. Recall that the last payment is an interest payment and a principal payment.
These could be combined, but here we shall treat them as separate payments.

The values of the implicit forward contracts contained within the swap are as follows:

First forward contract, expiring in 180 days:
($299,022 — €217,500($0.9886))0.9732 = $81,750.
Second forward contract, expiring in 360 days:
($299,022 — €217,500($0.9926))0.9479 = $78,800.
Third forward contract, expiring in 540 days:" .’
($299,022 — €217,500($1.0052))0.9149 = $73,550.
Fourth forward contract, expiring in 720 days:
($299,022 — €217,500($1.0146))0.8865 = $69,455.
Fifth forward contract, expiring in.720 days:
($9,804,000 — €10,000,000($1.0146))0.8865 = —$303,183. :

The sum of these values is $372, which is effectively zero (only 0.004% of the notional
principal) but is not precisely zero only because of rounding many of these input values. Thus,
the swap consists of five implicit forward contracts, the first four of which have positive value
and the last of which has negative value that offsets and effectively makes the overall
transaction have a value of zero. Ordinarily if a party constructed five currency forwards, the
rates on these contracts would be set individually according to the term structure and
the forward exchange rates. In a currency swap, the implicit forward contracts are treated as a
package with the payments made at the same rate. A currency swap is more efficient than a
group of individual currency forward contracts, because it combines into a single transaction-
what would otherwise take five transactions.

To generate an annual swap'paymept of SF20 million if ,the‘ﬁxejd rate is 5 percq;ii wéuid fgqqirg a
notional principal of SF20,000,000/(0.05) = SF400 million. This notional principal converts to a dollar

notional principal of SF400,000,000($0.65) = $260 million. The dollar swap payments would, therefore, be
$260,000,000(0.06) = $15,600,000. o ‘

Thus, FXI enters into a swap with notional pnnmpal of SF400 miliion and$250 nulhonThe swap will

require FXI to pay the counterparty SF400,000,000(0.05) = SF20 million, which will come from its subsidiary’s
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FIGURE 12.8

cash flows. The counterparty will pay FXI $260,000,000(0.06) = $15,600,000. Thus, FXI has locked in the
.conversion of its Swiss franc cash flows to dollars. Of course, FXI bears the risk that its cash flows will deviate
from SF20 million, but of course, it would face that risk whether it uses swaps, options, forwards, or futures.

The third type of swap we study in this chapter s the equity swap.

EQUITY SWAPS =

In an equity swap at least one of the two streams of cash fiows is determined by a stock price, the value of a
stock portfolio, or the level of a stock index. The other stream of cash flows can be a fixed rate, a floating rate
such as LIBOR, or it can be determined by the value of another stock, stock portfolio, or stock index. In this
manner, an équity swap can substitute for trading in an individual stock, stock portfolio, or stock index. In

this section we shall just refer to the uinderlying équity as a stock, which could represent an individual stock,
a stock portfolio, or a stock index. ' D , N |

Equity swaps are certainly similar to interest rate and currency swaps, but they also differ notably. One
difference is that the swap payment is d’étemiine_d by the return on the stock. Since stock returns can be
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negative, the swap payment can be negative. That is, suppose party A agrees to pay party B the return on the
underlying stock. Suppose that at a given payment date, the return on the stock is negative. Then party A
effectively owes a negative return. This means that party B would have to pay the return to party A. Unless
party B also owes a negative return, party B will end up making both payments. ‘

Another way in which equity swaps differ from interest rate and currency swaps is the fact that the
upcoming equity payment is never known. The upcoming floating payment in’an interest rate or currency
swap is always known, and of course, a fixed payment would always be known. In an equity swap, however,
the equity return is not determined until the end of the settlement period, which of course is when the
payment is due. -

Finally we should note that there is no adjustment such as days/360 for the equity payment on an equity
swap.!! It is determined strictly as the return on the stock over a given period, and no such adjustment is
required.

Structure of a Typical Equity Swap-

For an equity swap in Which a party pays the return on the stock and receives a fixed rate, the cash flow will
be

Consider an investment management company called IVM. It wants to enter into an equity swap to pay
the return on the Standard & Poor’s 500 Total ’Re__t,ui‘r’i Index and receive a fixed rate. This index’: includes the
effect of reinvesting dividends.'2 On the day the swap is arranged, the index is at 2,710.55. The swap will call
for payments every 90 days for a 360-day period. Financial Swaps (FNS), the dealer, offers IVM a fixed rate
of 3.45 percent with payments calculated on the basis of 90 days divided by 360. The notional principal will
be $25 million. Let us treat the payment dates as day 90, day 180, day 270, and day 360. The initial day is day
0. Let S;, Sy, etc. be the S&P 500 Total Return Index on day 0, day 90, and so forth. The cash flow to IVM
on the settlement date will be ) :

$25;000,000 (0.0345(%) — Return on stock over sett.lementpenod)

Obviously the fixed component of the payment will be _

$25,000,000 (0.0345) (31:(—)-) = $215,625.
Table 12.8 contains an example of the payments that might occur on such a swap. Keep in mind that

these are hypothetical results, based on assumptions about the course of the S&P 500 Total Return Index. The
parties to the swap do not know what these payments will be when the swap is initiated.

1Of course, if the other side of the transaction makes a fixed or floating interest payment, the’ (di}sBG() or 365)
adjustment is required. . : , R ,

12The concept of a total return means that it includes capital gains and dividends. Most standard stock indices reflect only
the prices of the component stocks, and, thus, incorporate only capital gains.
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Table 12.8 After-the-Fact Payments in Equity Swap to Pay S&P 500 Total Return Index and Receive a Fixed

Rate of 3.45 Percent
Notional Pnnctpal $25,000,000 , .
Day Fixed Interest Payment S&P Total Return Index S&P Payment Net Payment
o o o2moss
90 ' $215,625 ’ T 2,764.90 ’ $501,282 -$285,657
180 215,625 2,653.65 o -1,005,913 1,221,538
270 215,625 2,805.20 1,427,750 -1,212,125
360 215,625 2,705.95 -864,518 1,100,143

Note: This combination of outcomes on the above dates represents only one of an infinite number of possible outcomes to the
swap. They are used only to illustrate how the payments are determined and not the likely results.. .-

Let us determine the first equity payment. When the swap is initiated on day 0, the S&P 500 Total Return
Index is at 2,710.55. On day 90, the index is at 2,764.90. The equity payment would, therefore, be

2,764.90

$25,000,000 | 22—
12,7105

) = $501,282.

In other words, the rate of return on the Index is (2,764.90/2,710.55) — 1 = 0.02005, or about 2 percent.
Multiplied by $25,000,000 (retaining full decimal accuracy) glves a payment of $501,282. Thus, for the first
payment IVM owes $501,282 and is due $215, 625 for a net payment of —$285,657. So IVM pays the dealer
$285,657.

For the second payment, IVM still receives $215,625. Note that the S&P 500 Total Return Index fell to
2,653.65, a return of (2,653. 65/2,764. 90) — 1 = —0.0402 or —4.02 percent, which amounts to $1,005,913.
Now, IVM owes a negative return on the stock, which means that the counterparty pays IVM. So, IVM is due
a cash flow of $215,625 — (—$1,005,913) = $1,221,538.

Of course, IVM could have constructed the swap so that it received a floating payment based on LIBOR.
In that case, the calculations would be similar to those above, except that LIBOR on day 0 would determine
the interest payment on day 90, LIBOR on day 90 would determine the interest payment on day 180, etc. The
payoff formula wouldbe °

Alternatively, IVM could have constructed the swap to involve payment of the return on the S&P 500
Total Return Index and receipt of the return on some other stock index.

Suppose for example, that IVM wanted to receive the return on the NASDAQ Index. Then the interest
payment it receives in the example above would be replaced by the return on the NASDAQ Index, which
would be computed in the same manner as the return on the S&P 500 Total Return Index. When we examine
" equity swap strategies, we shall take a look at why these different types of swaps would be used.

Pricing and Valuation of Equity Swaps

We shall now look at the pricing and valuation of the three types of equity swaps: a swap mvolvmg an equity
return vs. a fixed rate, a swap involving an equity return vs. a floating rate, and a swap mvolvmg one equity
return vs. another equity return.
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We start with the swap to pay a fixed rate and receive the equity return. The fixed rate is denoted as R, and
the notional principal is $1. To determine the value of the swap, we need to construct a strategy that will replicate
the payments on the equity swap. We can do this quite easily.

* Invest $1 in the stock. »

« Issue a $1 face value loan with an interest rate of R. Pay interest on each of the swap settiement dates and
repay the principal at the swap termination date. Interest payments will be calculated on the basis of
days/360. ‘

We shall use the symbol q for (days/360)

Let us now see why this strategy works. Suppose we execute the above transactions for the purpose of
replicating a one-year swap with semiannual payments on days 180 and 360. Then, on-day 180, we would have
stock worth S,3/S,, and we would owe Rq.

Suppose we sell the stock and withdraw only the return, S,4/Sy — 1, which can be posmve or negauve If
the return is positive, we have a cash inflow. If it is negative, we have a cash outflow. Combined with the interest
payment, the overall net cash flow is S,/Sy — 1 — Rq. This is precisely the payment on the swap. Because we
withdrew only the return from the stock sale, we have $1 left over, which we reinvest in the stock. Now let us
proceed forward to the next period.

On day 360, the stock would be worth S/S,4,. We pay back the loan principal of $1 and the interest of
Rq. We liquidate the stock. Then the net cash flow would be S;4/S;50 — 1 — Rq. This is precisely the cash
flow on the swap. Thus, this strategy replicates the equity swap. In general, for a swap with n payments, the
strategy will cost $1 to buy the stock, which is offset by the cash flow from the loan. The overall cost to
establish the position is the value of the position when it is established.

1- BO -R ZBO

The first term, 1, is the $1 invested in the stock. The second term, —By(t,), is the loan principal due on
day t.. The term with the summation is the present value of the series of loan interest payments of Rq on each
swap payment date.

Since the swap is established so that its value at the start is zero, we set the above equation to zero and
solve for R: ’ ;

Interestingly, this rate is the same rate as the fixed rate on a plain vanilla swap. This should make sense.
The swap is designed to equate the present value of the equity payments with the present value of the fixed
interest payments. Since we start off by investing $1 in the stock, the present value of the equity payments is
$1. To make the present value of the fixed interest payments equal $1, we need only set the payments at the
fixed rate on a plain vanilla swap.

Table 12.9 shows how the IVM swap is valued.

Now let us consider a time during the life of the swap at which we wish to determine the value of the swap.
Assume that this is before the first payment date. The problem will be a little simpler if we look at it from the
standpoint of the party receiving the equity return and paying the fixed rate. On the first payment day, we shall
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receive an equity payment of Sgi/S, — 1. We could replicate this payment by purchasing 1/S, shares, currently
at S,, which will cost (1/S,)S,. At the next payment date, we will have stock worth (1/S,)S,. 1> We sell this stock,
generating a cash flow of (1/S)S, — 1, which could be positive or negative, plus the $1 left over, which we
reinvest into the stock. This will replicate the stock payment the next period. This procedure continues
throughout the life of the swap and w1ll leave $1 at the end Thus, to replicate the cash flows, we do the

following:
* Invest (1/S,)S,, which equals S/S,, in the stock. Liquidate and réinvest as described.
* Issue a $1 loan at an interest rate of R, with interest to be paid on each of the swap settlement dates and
the principal to be repaid at the swap termination datc Interest payments will be calculated on the basis
of q = days/360. .
Table 12.9 Pricing an Equity Swap

IVM enters into an equity swap to receive a fixed rate and pay the return on the S&P 500 Total Return Index. The payments will
"be quarterly for one year with interest caléulated using the adjustment factor 90/360. The term structuré is as follows:

Term ‘ Rate ' o Distount Bond Price

90 days LB0=3% T By(30) = 1/(1 + 0.03(90/360)) = 0.9926
180 days £4(120) = 3.2% , By(120) = 1/(1 + 0.032(180/360)) = 0.9843
270 days L{270) = 3.3% : 'By(270) = 1/(1 + 0.033(270/360)) = 0.9758
360days L3000 =35% L By300) = 1/(1 + 0.035(360/360)) = 0.9662
Withq = 90/360, then 1/q = 360/90, and the fixed rate would, therefore, be - ,

R= (@) 1-09662_ - 0.0345
90 )\ 0.9926 + 0.9843 + 0.9758 + 0.9662

Thus, the rate would be 3.45 percent.

This strategy will replicate the payments on the swap. The cost to establish this strategy is
St B N L . n
g(;' - Bt(tn)'—Rq _'Z‘lBt(ti)'
1=

: The first term is the investment in stock necessary to replicate the equity cash flows. The second is the
. present value of the repayment of the loan principal at the swap termination date, and third is the present
value of the set of payments of Rq on each of the swap settlement dates.

Let us apply the formula to our example of the IVM swap. Suppose it is 60 days into the life of the swap.
Table 12.10 presents a set of new interest rates and the value of the equity swap at this time.

Now suppose we are interested in an equity swap with floating payments. We know that at the start the
present value of the fixed payments (including a notional principal of 1) at the rate R is 1 and that this equals the
present value if the payments were floating (including the notional principal). Thus, the value of a swap involving
the payment of the equity return against floating payments is zero at the start, as it should be. To value the swap
during its life, notice that we can replicate the equity swap involving floating payments by doing the following:

 Enter into an équity swap to pay the equity return and receive a fixed rate
« Enter into a plain vanilla swap to pay a fixed rate and receive a floating rate

The fixed payments would cancel, and this would net out to an equity swap to pay the equity return and
receive a floating rate. We have already valued the equity swap to pay the equity return and receive a fixed
rate and obtained a value of ~$227,964. We now need only value a plain vanilla' swap to pay a fixed rate and

13This expression is 1/S, shares worth S, per share.
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Table 12.10 Valuing an Equity Swap During its Life

We are now 60 days into the life of il.ié M swap The new term stninctuyre isas fc;"ow“s:’ .

Term L Rate . . . Discount Bond Price
Wdays - o Lg30)=350% - © Bef30) = 141 +0.035(30/360) = 0.9971
120 days Leol120) = 3.75% L B,(120) = 1/(1 + 0.0375(120/360)) = 0.9877
210 days ‘ Leof210) = 3.90% . : Byol210) = 1/(1 + 0.03%(210/360)) = 0.9778
300 days Lel300) = 4.00% . Bf300) = 1/(1 + 0.04(300/360)) =0.9677
The stock index is at 2,739.60. Thus, the value of the swap per $1 notional principal is
2,739.60) _ _ ) "N 000911854
0.0345 (WEE) 0.9677- 00345(360) {0.9971 +0.9877 + 0.9778 +0.9677) 9.0091 1854

This formulation, however, is from the perspective of the party paying the fixed rate and receiving the equity return. So to
IVM, the value is actually 20.00911854 per'$1 notional principal. Thus, for a notional principal of $25 million, the value of the
swap is ‘ Tl ' '

$25,000,000(—0.00911854) = ~$227,964.

receive the floating rate. Recall that we learned this earlier in the chapter. Using the information in Table
12.10, the value of the fixed payments, plus hypothetical notional principal, is

0.0345 (32-606) (0.9971 + 0.9877 + 0.9778 + 0.9677) + 1.0(0.9677) = 1.00159884.

Recall from our examination of interest rate swaps that we value the floating payments as the present
value of the upcoming floating payment plus the par value of 1. The upcoming floating payment is at 3
percent, Thus, the value of the floating payments plus hypothetical notional principal is

(1 + 0.93(%)) 0.9971=1.00457825.
Thus, the value of a plain vanilta swap/‘to' pay ﬁxed and reogjve floating ié'
1.00457825 — 1.00159884 = 0.00297941. ’

For a $25 million notional principal, this value is

$25,000,000(0.00297941) = §74,485.
So the value of the equity swap to pay the eQuity return and receive a floating payment is

—$227,964 + $74,485 = -$153479. |

" If the swap involves the payment of one equity return for another, we must develop a new strategy for

replicating the payments. Let S(1) be the value of stock index 1 on day 0 and $0(2) be thic'value of stock
index 2 on day 0. We then chanige the subscript to reflect later days in the life of thé swap. Assume that we
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pay the return on stock index 2 and receive the return on stock index 1. with payments on days 180, 360, etc.
The first cash flow on the swap will be (S,,(1)/S(1)) — 1 — (8;50(2)/84(2)) — 1) = S;5(1)/Sy(1) ~
S180(2)/So(2). The remaining cash flows will be done in a similar manner, changing the time subscripts to
360 vs. 180 and so forth.

To replicate the swap, we sell short $1 of stock index 2, take the proceeds, and buy $1 of stock index 1.
This will require no money of our own. At time 1 we sell stock index 1, generating cash of S,4,(1)/Sy(1). We
withdraw the cash return, (S130(1)/84(1)) — 1, and reinvest $1 in'stock index 1. We cover the short sale of
stock index 2 by buying back the stock. This will require an outlay of S;4,(2)/S¢(2). We then sell short $1 of
stock index 2 so ouf net flow from the transaction in stock index 2 is ~(8,50(2)/S¢(2) — 1). The overall net
cash flow is S,4,(1)/S,(1) — S150(2)/S4(2), which is the cash flow from the swap. We now move forward with
$1 invested in stock index 1 and $1 sold short of stock index 2.If we proceed in this manner, we will generate
the cash flows on the swap. Since there is no cost to establishing the position, the value of the swap is zero at
the start, as it should be. ‘

It is very simple to value this type of swap during its life. We value it as a position of being long in one
stock and short the other. Suppose in the IVM example, we change the fixed payment that IVM will receive
to be the return on the NASDAQ stock index. Let the index be 1,835.24 at the start of the transaction. Sixty
days later, the index is at 1,915.71. Then the value of the swap is easily found as

(1,915.71)_(2,739.60
-:\1,835.24) \2,710.55

 For a $25 million notional principal swap, the valueis ~
- $25,000,000(0.03312974) = $828,244. -

) =0.03312974.

Equity Swap Strategies o ) L

Equity swaps are useful strategies for equity investors. An equity swap to pay a fixed rate and receive the
equity return is essentially equivalent to issuing a fixed-rate bond and using the proceeds to buy stock. An
equity swap to pay a floating rate and receive the equity return is essentially the same as issuing a floating-
rate bond and using the proceeds to buy: stock. An equity swap to pay the return on one stock index and
receive the return on another is essentially the same as selling short one stock and using the proceeds to buy
another. Of course, certain transactions are.required at the payment dates, so these swap. strategies are not
identical to buying and holding stock. In addition, the payments required on equity swaps make them a form
of buying stocks using leverage. Nonetheless, equity swaps are very . similar to stock transactions and can
serve as valuable substitutes for stock transactions, as is the case for virtually any equity derivative.

Going back to the IVM strategy, recall that IVM is an asset management company. It holds a portfolio of
stock. In some cases it needs to make adjustments to its portfolio. These adjustments typically involve buying
and selling stock. As we have seen throughout this book, assets can be bought and sold synthetically using
derivatives. In this case, a company like IVM could use equity swap to synthetically replicate the sale of stock
and purchase of another asset. Suppose IVM wants to sell some domestic large-cap stock and buy a fixed-rate
bond. Then it might enter into an equity swap to pay the return on an index of domestic large-cap stock, such
as the S&P 500 Total Return Index, and receive a fixed return. The swap we described earlier is precisely this
type of transaction. A diagram of the overall transaction is shown ini Figure 12.9. In doing the transaction,
IVM effectively sells domestic large-cap stock, as represented by the S&P 500 Total Return Index, and
converts to a fixed rate bond paying 3.45 percent. B i o

You should be aware, however, that VM assumes some risk in this transaction. Besides the aforementioned
fact that the swap dealer could default, there are two other important risks. One is that the performance of the
domestic, large-cap stock portfolio will not’precisely match the performance of the S&P 500 Total Return Index.
This is a form of basis risk, similar to the risk we discussed in using futures. In the investment management field,
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this risk is usually referred to as tracking error, meaning the risk that the index on which the derivative is based
will not track the underlying portfolio. Obviously this risk is not new to us. It applies anytime a derivative on an
index is used with a portfolio that does not precisely match the index.

~ Another risk is that if the swap generates net cash outflows, the firm must produce the cash to make the
swap payments. While the portfolio could be earning a sufficiently high return, that return is likely to include
some unrealized capital gains. If there is not sufficient cash to make the swap payment, the firm could be
forced to sell some stock to generate the cash. This would then defeat the purpose of using the swap, which
was to avoid selling the stock in the first place. Thus, to use an equity swap, a firm would need to take into
account the potential for cash outflows and would need to set aside a liquidity pool.

As we have noted, variations of this strategy include having the interest payment be at a floating rate. In
that case, the strategy would be approximately equivalent to selling stock and investing the proceeds in a
floating-rate bond. If the firm wanted to sell the stock and buy a floating-rate bond, this type of equity swap
would be a good substitute. ; '

Alternatively, if the firm did a swap in which it pays the return on the S&P 500 and the dealer pays it the
return on another index, such as the NASDAQ index, the firm would be synthetically selling stock as
represented by the S&P 500 and buying stock as represented by the NASDAQ index.

SOME FINAL WORDS ABOUT SWAPS

We began the chapter by mentioning that swaps are like combinations of forward contracts. This is an
important analogy, but it applies only to swaps that involve fixed payments, as in forward contracts. For
swaps with strictly floating payments, the analogy breaks down. Moreover, for swaps with fixed payments,
the analogy is only partial. For example, if a party engaged in a series of currency forward contracts, the
forward rate would be different for each expiration. After all, forward prices and rates nearly always differ by
maturity. A currency swap with fixed payments would involve payments at the same rate.

Because swaps are similar to forward contracts, swaps will also be similar to futures contracts. In
addition, swaps can be shown to be similar to combinations of options. In the next chapter, we shall look at
interest rate options and show how they can be combined to replicate interest rate swaps.

Swaps are nearly always designed with the intention of holding the position until the termination date.
In some cases, a party changes its mind and wants out of the swap. There are a pumber of ways it can exit a

- swap. The primary way is to go back to the dealer and ask to terminate the swap or enter an offsetting swap.
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In effect, the parties would do the opposite swap and cancel the original swap. For example,-recall the
Quantum Electronics plain vanilla swap in which it paid a fixed rate and received LIBOR. Ninety days into
its life, the market value to Quantum was —$24,537. If Quantum wanted to terminate the swap, it could go
back to the dealer and ask for an offset. The dealer would do so if Quantum would pay the market value of
- $24,537. The swap would then be eliminated. Alternatively, Quantum could go to another dealer and ask for
a quote on a swap to pay floating and receive fixed. f Quantum executed this transaction, it would have two
swaps in place, with one paying LIBOR and the other receiving LIBOR. The LIBOR effects would offset,
though both swaps would remain in force. Quantum would be paying on¢ fixed rate and receiving another.
The present value of the difference in these two swaps would be ~$24,537, which is precisely the market
value of the original swap. With both swaps in force, however, credit risk would remain, and Quantum would
be better off (unless it wanted the credit risk) to go back to the original dealer, pay the market value, and
terminate the swap.

Another way to terminate a swap is with either a forward contract on the swap or an option on the swap.
These instruments give a party either a firm commitment or the right to enter into an offsetting swap at terms
agreed to in advance. These instruments, called forward swaps and swaptions, will be covered in Chapter 13.

QUESTIONS AND PROBLEMS

1. Consider a $100 million equity swap with semiannual payments. When the swap is established,
the underlying stock is at 1,215.52. One party pays a fixed rate of 5.5 percent based on the
assumption of 30 days per month and 360 days in a year. If the stock index is at 1,275.89 on'the
first payment date, calculate the net swap payment, indicating which party pays it.

2. Consider a currency swap for $10 million and SF15 million. One party pays dollars at a fixed rate
of 9 percent, and the other pays Swiss francs at a fixed rate of 8 percent. The payments are
made semiannually based on the exact day count and 360 days in a year. The current period
has 181 days. Calculate the next payment each party makes.

3. The CEO of a large corporation holds a position of 25 million shares in her company’s stock,
whichris curréntly priced at $20 and pays no dividends. She is concerned that, because of her
large shareholdings and the fact that her compensation is tied to the performance of the stock,
she is very poorly diversified. She does not think it is wise to sell a significant amount of stock,
because she knows that she needs to be heavily invested in the stock to satisfy the
shareholders, and she values the voting rights she has from owning so many shares.
Nonetheless, she would be interested in synthetically selling about five million shares using an
equity swap. Assume the role of a swap dealer and present three possible equity swap
proposals, which are based on the three different types of cash flows that could be paid against
payment of the return on the stock.

4. A corporation enters into a $35 million notional principal interest rate swap. The swap calls for
the corporation to pay a fixed rate and receive a floating rate of LIBOR. The payments will be
made every 90 days for one year and will be based on the adjustment factor 90/360. The term
structure of LIBOR when the swap is initiated is as follows: .

Days Rate
90 7.00%
180 . 7.25
270 745
360 7.55

a. Determine the fixed rate on the swap.
b. Calculate the first net payment on the swap.
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¢. Assume that it is now 30 days into the life of the swap. The new term structure of LIBOR is as

foliows: ' oz , .
. Days -+ Rate

80 6.80%

150 705

240 7.1%

330 720

Calculate the value of the swap. :

5. Show how to combine a currency swap paying Swiss francs at a floating rate and receiving
Japanese yen at a floating rate with another currency swap to obtain a plain vanilla swap paying
Swiss francs at a floating rate and receiving Swiss francs at a fixed rate.

6. A bank currently holds a loan with a principal of $12 million. The loan generates quarterly
interest payments at a rate of LIBOR plus 300 basis points, with the payments made on the 15th
of February, May, August, and November on the basis of the actual day count divided by 360.
The bank has begun to believe that interest rates will fall. It would like to use a swap to
synthetically alter the payments on the loan it holds. The rate it could obtain on a plain vanilla
swap is 7.25 percent. Explain how the bank would use a swap to achieve this objective.

7. Explain why interest rate swaps are more widely used than currency and equity swaps.

8. A U.S. corporation is considering entering into a currency swap that will call for the firm to pay
dollars and receive British pounds, The dollar notional principal will be $35 million. The swap
will call for semiannual payments using the adjustment 180/360. The exchange rate is $1.60.
The term structures of dollar LIBOR and pound LIBOR are as follows:

Days ~ Dollar UBOR . Pound LIBOR .
180 7.00% 6.50%
360 : 7.25 7.10
. 540 f 745 7.50
720 7.55 8.00

Answer the following questions. o :
a. Determine the appropriate pound notional principal. Use this result in each of the remaining
" questions. ’ o '
b. Determine the fixed rates in dollars and in pounds. ;
c. For each of the following cases, determine the first payment on the swap:
i. Dollars fixed, pounds fixed : s :
ii. Dollars fixed, pounds floating
iii. Dollars floating, pounds floating
iv. Dollars floating, pounds fixed ‘ ' ' .
d. Now assume it is 120 days into the life of the swap. The new exchange rate is $1.42. The new
term structures are as follows: ' '

Days Dollar LIBOR Pound LIBOR
60 i 6.80% 6.40%
240 705 , 690
420 7.15 7.30
600 720 745

Determine the value of the swap for each of the following cases:

i. Dollars fixed, pounds fixed :

ii. Dollars fixed, pounds floating

iii. Dollars floating, pounds floating

iv. Dollars floating, pounds fixed S
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T

10.

1.
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13.

14.

~A pension fund wants to enter into a six-month equity swap with a notional: principal of $60

million. Payments will occur in 90 and 180 days. The swap will allow the fund to receive the
return on a stock index, currently at 5,514.67. The fund is considering three different types of
swaps, one of which would require it to pay a fixed rate, another that would require it to pay
floating rate, and another that would require it to pay the return on another stock index, which
is currently at 1,212.98. Refer to these as swaps 1, 2, and 3. The term structure is as follows:

Term Rate "~ Discount Bond Price -

0days’ 9% BOMO) = 1/(1 + 0.09(90/360) = 0.9780

180days -+ 10 " BOM8Oy = 11+ 0:10(180/360)) = 0.9524
- Find the fixed rate for swap 1. B

Find the payments on day 90 for swaps 1,2, and 3. For swap 3, assume that on day 90 stock
~index T'is at 5,609.81 and stock index 2 is at 1,231.94. Be sure to indicate the net payment.

c. Assume it is 30 days into the life of the swap. Stock index 1-is at 5,499.62, and stock index 2

- is at 1,201.45. The new term structure is as follows:

“Term "Rate ~ Discount Bond Price
60 . - 6.80% - .-B30(90) = 1/(1 4 0.068(60/360)) = 0.9888

150 705 B30(180) = 1/(1 + 0.0705(150/360)) = 0.9715

Find the values of swaps 1, 2, and 3.. _
You are a pension fund manager who anticipates having to pay out 8 percent (paid semi-
annually) on $100 million for the next seven years. You currently hold $100 million of a floating-
rate note that pays LIBOR + 2 1/2 percent. You view this as an attractive investment but realize
that if LIBOR falls below 5 1/2 percent, you will not have enough cash to make your fixed
payments. You arrange a swap with a dealer who agrees to pay you 6 percent fixed, while you
pay it LIBOR. Determine your cash flow as a percent of the notional principal at each payment
date under this arrangement. Assume for simplicity that each period is 180 days and that there
are 360 days in the year. . ‘ \ o , , ,
A hedge fund is currently engaged in a plain vanilla euro swap in which it pays euros at the euro
floating rate of Euribor and receives euros fixed. It would like to convert this position into one in
which it pays the return on the S&P 500 and receives euros at a fixed rate. Show how it can use
currency and equity swaps to maintain its position in the plain vanilla euro swap and convert its
overall position to the one desired.
(Concept Problem) An asset management firm has a $300 million portfolio consisting of all stock.
It would like to divest 10 percent of its stock and invest in bonds. It considers the possibility of
synthetically selling some stock using equity swaps. It does not, however, want to receive a fixed
or floating rate. If it actually sold the stock, it would invest in a broadly diversified portfolio of
bonds. In fact, there are bond indices that are quite representative of the universe of bonds in
which it would invest. Design a strategy using swaps that would enable it to achieve its objective.
Why is notional principal often.exchanged in a currency swap but not in an interest rate or
equity swap? Why would the parties to a currency swap choose not to exchange the notional
principal? ‘
Consider a $30 million notional principal interest rate swap with a fixed rate of 7 percent, paid
quarterly on the basis of 90 days in the quarter and 360 days in the year. The first floating
payment is set at 7.2 percent. Calculate the first net payment and identify which party, the party
paying fixed or the party paying floating, pays. -
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Explain how the following types of swaps are analogous to transactions in bonds.

a. Interest rate swaps

b. Currency swaps

A swap dealer quotes that the rate on a plain vanilla swap, for it to pay fixed, is the five-year
Treasury rate plus 10. To receive fixed, the dealer quotes the rate as the five-year Treasury rate
plus 15. Assuming the five-year Treasury rate is 7.60 percent, explain what these quotes mean.
The U.K. manager of an international bond portfolio would like to synthetically sell a large
position in a French government bond, denominated in euros. The bond is selling at its par value
of €46.15 million, which is equivalent to £30 million at the current exchange rate of £0.65. The
bond pays interest at a fixed rate of 5.2 percent annually for 10 years. The manager would like to
sell the bond and invest the proceeds in a pound-denominated floating-rate bond. Design a
currency swap strategy that would achieve the desired objective and identify the payments that
would occur on the overall position, which includes both the French bond and the swap. The
fixed rates on the currency swap are 4.9 percent in pounds and 5.7 percent in euros.

Explain how swaps are similar to but different from forward contracts.

Suppose that a party engages in a swap, but before the expiration date of the swap, the party
decides that it would like to terminate the position. Explain how it can do so.

. Explain how an interest rate swap is a special case of a currency swap.
21.

(Concept Problem) Consider a currency swap with but two payment dates, which are one year
apart, and no exchange of notional principals. On the first date, the party pays U.S. dollars at a
rate of 4 percent and receives British pounds at a rate of 3.5 percent. Since the payments are
annual, no adjustment, such as days/360, is necessary. The notional principals are $10 million
and £6.25 million. Explain from an American’s perspective how this transaction is like a series of
forward contracts on the pound. Also, explain how the transaction can be fairly priced, which
you can assume it is, even though the implied forward rate is the same for both maturities.
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INTEREST RATE FORWARDS
AND OPTIONS

Whj.le this chapter deals with certain Interest Rate Derivatives, we have already covered the most widely
used interest rate derivative, the plain vanilla interest rate swap. In addition, we have already covered
Eurodollar futures, which are also appropriately called interest rate derivatives. In some cases, futures on
such instruments as Treasury bonds and netes are also called interest rate derivatives. But we need to make
an important distinction etween derivative contracts on interest ratés and derivative contracts on fixed-
income secufities. - Pk ER R U

Consider a Eurodollar time deposit that pays $1 in 90 days. At a current rate of 8 percent, this Eurodollar
has a value of $1/(1 + 0.08(90/360)) = $0.9804. Suppose that a forward contract had been created on this
Eurodollar and that contract is expiring right now. The payoff of a long position would be $0.9804 minus the
forward price agreed to when the eontract was initiated. The payoff-of a forward contract on-the Enrodollar
interest rate, LIBOR, would be 0.08(90/360) minus the forward rate agreed to when the contract was
initiated. Forward contracts on interest rates and forward contracts on Eurodollars are related but different
contracts. : K ‘ ' A el

a

AR N :,m; b

Recall that Eurodollats are priced based on the add-on interest method. Hence, we found the price of
the Eurodoliar above as $1/(1 + 0.08(90/360)). Treasury bills are based on the discount interest method.
For a rate;of 8:percent,.a Treasury bill price would be $1(1 +0.08(90/360)) =$0.98; A lotig position‘in a
forward contract on a Treasury bill would pay off 1 minus 0.08(90/360) minus the forward price. A short
position in a forward contract on the rate would pay off the forward rate mints 0.08 times 90/360. It should
be easy to see that a long position in a forward contract on a discount instrument is equal to a short position
in a forward contract on a rate with the forward rate based on one minus the forward price. Similar
comments can be made for options. - T

Thus, in some cases, derivatives on interest rates are essentially the same as derivatives on bonds. For
others, this is not the case. In this chapter we shall focus on derivative on interest rates. In some cases we shall
gain some advantage by noting the equivalence with derivatives on bonds. But in most cases, we shall just
focus on the fact that the underlying is an interest rate and that its payoff formula is based directly on the
underlying interest rate rather than the price of a bond.

This chapter is called “Interest Rate Forwards and Options” and will cover four primary types of
instruments. The first is the interest rate forward, more commonly known as a forward rate agreement, or
FRA. This instrument is a forward contract in which the two parties agree to make interest payments to each
other at futures dates. One party makes a payment at a rate agreed to in advance. The other party makes a
payment at a rate to be determined later. The second type of instrument is the interest rate option, in which
one party pays the other a premium today and receives the right to either make a known interest payment and




‘Interest Rate Forwards and Options 411

receive an unknown interest payment at a.future date ot receive a known interest payment gnd make an
unknown interest payment at a future date. The right to make a known payment is an interest rate call. The
right to receive a known payment is an interest rate put.

In addition to standard interest rate forwards and options, we shall cover two other types of forward and
option contracts involying interest rates. The third instrument we cover in this chapter is an option to enter
into a swap, which is commonly referred to as a swap option, or swaption. The buyer of a swaption in which
the underlying is an interest rate swap pays a premium and receives the right to enter into a swap to pay the
fixed rate and receive the floating rate or pay the floating rate and receive the fixed rate. These instruments
may seem like calls and puts, but these terms are not commonly used in the world of swaptions. We shall
cover this point in more detail later. The fourth instrument we cover is the forward swap, which is a forward

contract to enter into a swap. Obviously a forward swap commits the two parties to enter into a swap, whereas
a swaption gives one party the right to enter into a swap.

These types of instruments exist w:th undedymgs other than mterest rates but we have already covered
much larger than the* ‘market for currency hnd; eqmty @nvatwes kﬁemst rate derivatives are also different
from currency and equity derivatives‘and, thus, merit specrar consrderatton [Of course, we have already
covered the most important intemst rate derivative, the swap. While currency and equity swaptions and
forward swaps exist, the market i is quite small relanve to the market for interest rate swaptions and forward
swaps, and we do not cover equity and currency versions of these instruments in this book.

Data are not available on the size of the market for swaptions and forward swaps, but Figure 13.1 shows
the notional principal of interest rate options'and FRASs as estimated by the Bank for International Settlements
(http:/www.bis.org) in its semiannual survey. As of December, 2005, the notional principal of interest rate
options was about $27.9 trillion and the notional principal of FRAs was about $14.5 trillion.

This chapter is divided into three main sections, which deal with forward rate agreements, interest rate
opnons, and swaptlons and forward swaps. .

FORWARD RATE AGREEMENTS
AforwandrateagneementorFRAlsmmnhrmanytypeofforwa'dwnnacnbmmepayoﬁmbasedonanmterest
rate, rather than the price of an asset. For example, suppose a financial manager believed that interest rates were
going up andwantedtolockmaspemﬁcratctobepaldonafumreloan Shecoulddothatbytakmgashort
position in a forward contract on a fixed-income security like a Treasmy bill or bond. If rates rose, the security
price would fall, the forward price would also fall, and the short position would be profitable, oﬁsettmg some of
the effect of the 1ngher bormwmg rate. Altemanvely, she could get a similar result using futures contracts.

An FRA is another means of obtamlng this resulz, and in many sityations. an FRA is better suited for
managing this type of risk. The payoff of a forward contract on a bond is determined directly by the price of
the bond and but only indirectly by the underlying interest rate. The. payoff of an FRA, however, is determined
directly by the underlying interest rate.

Structure and Use of a Typlcal FRA

As with swaps, FRAs are typically based on rates like LIBOR or Euribor, quoted as an annual rate. The
underlying rate is for a specific term, such as 90-day LIBOR, 180-day Euribor, and so forth. Thus, the payoff
is prorated by using a days/360 factor, as we did with swaps. ! The payoff is based on the difference between
the underlying rate and the rate agreed upon when the contract is established, adjusted for the number of days
and multiplied by a notional principal.

1t is possible to use a 365-day year assumption, but FRAs are nearly always based on LIBOR, Euribor, ora slmxlar rate,
which are always based on a 360-day year assumption. o
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In addmon, there is another important factor in the payoff of an FRA that we must examine carefully.
Consider an FRA based on 90-day LIBOR and assume that this FRA is expiring today. As such, the parties
look in the London Eurodollar market and determine the rate on a 90-day spot LIBOR instrument. Let us
assume that rate is 5 percent. Remember that the rate is on a Eurodollar interbank time deposit, a loan made
by one London bank to another for 90 days. When the Bormwmg bank takes out this loan- today, it promises
1o pay back the principal plus 5 percent interest 90 days later. Thus, when the rate of 5 percent is determined
in the London Earodoilar market, the-assumption is that the interest on such a loan is paid back 90 days later.

The FRA market uses ‘the Ldndon interbank Eurodollar matket as its source of the underlying rate. Yet
when'‘the FRA expires and LIBGR is5 percent, the FRA pays off at the 5 percent rate foday. The Eurodollar
deposit itself, which is the source of the 5 percent rate, pays off 90 days later. Consequently, to use LIBOR to
determine the FRA payoff an adjustment is requlred This adjustment is to discount the FRA payment for 90
days at the 90-day rate. Because their payoffs are deferred for 90 days, interest rate swaps and options do not
require this adjustment. Recall that when LIBOR is détermined at the beginning of the settlement period, the
swap payment based on that rate oceurs at the end of the settlement period. In Chapter 12 we called this -
advanced set, settled in arrears. As we shall see later in this chapter, a similar procedure occurs for interest
rate options. Yet, the FRA market works differently for reasons that no one seems to know.2 So in general, an
FRA on an m-day interest rate pays off at expiration but the payoff is discounted for m days at the m-day rate,
which is the settlement procedure known as advanced set, advanced settled that we briefly mentioned in

Chapter 12.

It is likely that the ﬁrst FRAs were created in the same departments that were trading currency forwards at dealer banks.
Since currency forwards make their payoffs at expiration, FRAs were probably structured in the same manner. Evidently
interest rate swaps and options were not created in this manner. They were structured much more like floating-rate loans,
in which the rate is determined at one point in time, the interest accrues for a period, and is pa1d at the end of the period,
the procedure known as advanced set, settled in arrears.
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Using LIBOR as the underlying rate, the general payoff of an FRAis

where the reference to “LIBOR” is the underlying LIBOR when the contract expires. The.*Agreed upon rate”
is the rate that the two parties agree on when the contract is established. Note that LIBOR appears in-both the
numerator and the denominator. Recall that “m/360” denotes the.accrual period which in this case is actual
days divided by 360. : o L b

Suppose a party takes a long position.in an FRA based on 90-day LIBOR that expires in 30 days. The
notional principal is $20 million. Let the rate agreed upon by the two parties be 10 percent. Thus, in'30 days
the payoff to the holder of the long position will be - ‘ :

(LIBOR - 0.10) (59—%)

90
1+ LIBOR | —~
(%)

$20,000,000

Now let us consider some possible payoffs to the holder of this FRA. Suppose LIBOR at expiration is
8 percent. Then the payoff is ' o o o L
L (90
0.08-0.10)| —
(008-010) 25

1+0.08 (-9—0—)
1360

$20,000,000 ) =-—$98,039.

This means that the party who is long has to pay $98,039 to the party who is short. If LIBOR at
expiration is 12 percent, the payoff is - o

C w
12-0.10)| =—
(0.12-0 )(360

90
1+012( 22
* (360)

Hence, the party who is long receives $97,087 from the party who is short. When LIBOR at expiration is
above (below) 10 percent, the holder of the long (short) position receives a positive payoff, to be paid by the
counterparty. The payoff of the holder of the short position is found by changing the sign of the payoff of the
holder of the long position.
The FRA market uses a distinct terminology to describe its contracts. It refers to an FRA in the form of
“A x B”, where A refers to the number of months until the FRA expires and B refers to the number of months,
as of the contract initiation date, in the Eurodollar time deposit underlying the FRA. For example, a 6 x 9
FRA (pronounced “6 by 9”) is an FRA that expires in six months with the underlying 90-day LIBOR. That is,
the underlying Eurodollar time deposit matures in nine months, which is three months or 90 days after the
FRA expiration. A 12 x 18 FRA expires in 12 months and the underlying is 180-day Eurodollar time deposit,
-which has 18 months to go before maturity when the contract is initiated.

$20,000,000 ) =$97,087.
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Pricing and Valuation of FRAs

In the example above, we assyme that the parties agreed on a rate of 10 peroent In this section we shall learn
how that rate is determmed. Impddiﬁon, we‘ sball learn how to determme the value of the FRA at a point during

,,,,,,

maturity of h days, whxch we shall assume is'the matunty date of the FRA. The underlying is m-day LIBOR.
Then Ly(h + m) is the spot rate for a maturity of h + m days. We assume a notional principal of $1.

-One way to determine the fixed rate on an FRA is to-do anether set of transactions that will replicate the
payoff of the FRA L&t us.do the following to'replicate dlong position in an FRA:

» Go short a Eurodollar time deposit maturing in h 4 m days that pays 1 + F(m/360). Assume that we can
pay off this loan at any time prior to maturity or pay another party to take over this obligation.
"'» Go long a Eurodollar nme deposit maturing in h days that pays $1.

In other words, we borrow 1 + F(m/360) forh+m days. We lend $1 to be paid back in h days.
Now move forward to day h. The loan we owe is not due but it has a market value of

1+F
(s8).
1+L —
| | () ( 3 60)
which reflects the discounting of the payoff 1 4 F(m/360) at the LIBOR rate at the expiration, which is L (m).
The minus sign reflects the fact that we owe this amount. We shall now go ahead and pay off the loan early.

Since this is the value of this loan, we could technically pay it off. The loan we hold is due so we receive $1.
Thus, the cash flow at this point is
1+F
las)

1+L, (m)‘(%)

Algebraic rearrangement of this equation gives

(”L"(m)(%)) (“F (360)) (Latm)-F) 355

1+L, (m)(%) -1+ L, (m)(%)

1-

This is the payoff of the FRA, so this strategy rephcates an FRA. Thus, it must have the same value as
the FRA at the start. The value of the FRA at the start is the value of the loan we made minus the value of the
loan we took out, wluch is

N 1  ) A1+F(£6)
1+L, (h)(é—:ﬁ) 1+ Lo (b +m) (h320m)‘ |

which must equal zcro Setting this to zero and solving for F gives




