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i)y Options

on Stock Indices
and Currencies

In this chapter we tackle the problem of valuing options on stock indices and currencies.
As a first step, some of the results in Chapters 8, 10, and 11 are extended to cover
European options on a stock paying a known dividend yield. It is then argued that both
stock indices and currenmgs are analogous to stocks paying dividend yields. This enables
the results for options on a stock paying a dividend yield to be applied to these types of
options as well.

A SIMPLE RULE

In this section we produce a simple rule that enables results produced for European
options on a non-dividend-paying stock to be extended so that they apply to European
options on a stock paying a known dividend yield.

Consider the difference between a stock that pays a dividend yield at a rate g per
annum and a similar stock that pays no dividends. Both stocks should provide the same
overall return (dividends plus capital gain). The payment of a dividend causes a stock
price to drop by an amount equal to the dividend. The payment of a dividend yield at
rate g therefore causes the growth rate in the stock price to be less than it would
otherwise be by an amount g. If, with a dividend yield of ¢, the stock price grows from
Sy today to Sy at time T, then in the absence of dividends it would grow from S, today
to Sye?’ at time T. Alternatively, in the absence of dividends it would grow from Sye™"
today to Sy at time 7.

This argument shows that we get the same probability distribution for the stock price

¢ at time T in each of the following two cases:

1. The stock starts at price Sy and pays a dividend yield at rate q.
2. The stock starts at price Soe™47 and pays no dividend yield.

This leads to a simple rule. When valuing a European option lasting for time 7 on a
stock paying a known dividend yield at rate ¢, we reduce the current stock price from S;
to Sye97, and then value the option as though the stock pays no dividends.
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Lower Bounds for Option Prices

As a first application of this rule, consider the problem of determining bounds for the
price of a European option on a stock paying a dividend yield at rate g. Substituting
Spe 9" for S, in equation (8.1), we see that a lower bound for the European call option
price, c, is given by

¢ > Spe T — xe'T (12.1)

We can also prove this directly by considering the following two portfolios:

Portfolio A: one European call option plus an amount of cash equal to Xe™'"

Portfolio B: ¢ 9 shares with dividends being reinvested in additional shares

In portfolio A the cash, if it is invested at the risk-free interest rate, will grow to X at
time T. If S; > X, the call option is exercised at time T and portfolio A is worth Sy. If
Sr < X, the call option expires worthless, and the portfolio is worth X. Hence, at time
T portfolio A is worth

max(Sy, X)

Because of the reinvestment of dividends, portfolio B becomes one share at time 7. It is
therefore worth Sy at this time. It follows that portfolio A is always worth as much as,
and is sometimes worth more than, portfolio B at time T. In the absence of arbitrage
opportunities, this must also be true today. Hence,

c+Xe T > 8"
or
c>Spe T —xe T

To obtain a lower bound for a European put option, we can similarly replace S, by

Spe~? in equation (8.2) to get
p>Xe T — S, (12.2)

This result can also be proved directly by considering

Portfolio C: one European put option plus ™97 shares with dividends on the shares
being reinvested in additional shares

Portfolio D: an amount of cash equal to Xe "

Put-Caill Parity A

Replacing S, by S,e”?” in equation (8.3) we obtain put—call parity for an option on a
stock paying a dividend yield at rate ¢:

c+Xe T =p+ S 12.3)

This result can also be proved directly by considering the following two portfolios:

Portfolio A: one European call option plus an amount of cash equal to Xe™™"

Portfolio C: one European put option plus e~ shares with dividends on the shares
being reinvested in additional shares

Both portfolios are both worth max(Sy, X) at time T. They must therefore be worth the
same today, and the put—call parity result in equation (12.3) follows. For American
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options, the put—call parity relationship is (see Problem 12.12)

Soe T — X< C=-P<Sy—Xe T

PRICING FORMULAS

By replacing S, by Sye 7 in the Black—Scholes formulas, equations (11.5) and (11.6),
we obtain the price, ¢, of a European call and the price, p, of a European put on a stock
paying a dividend yield at rate g as:

c =S¢ TN(d,) — Xe T N(d,) (12.4)
p=Xe " TN(=dy) — Spe T N(—d,) (12.5)
Because
Soe 9 _ SO
In Y = In X —‘qT

d, and d, are given by
_In(Sy/X) + (r—q+ /)T

d
! oT

and

_InSy/X)+—g=0*/9T _
= gﬁ _dl O'ﬁ

These results were first derived by Merton.! As discussed in Chapter 11, the word
dividend should, for the purposes of option valuation, be defined as the reduction in the
stock price on the ex-dividend date arising from any dividends declared. If the dividend
yield rate is known but not constant during the life of the option, equations (12.4) and
(12.5) are still true, with g equal to the average annualized dividend yield.

d

BINOMIAL TREES

We now move on to examine the effect of a dividend yield equal to g on the results for
the binomial model in Chapter 10.

Consider the situation in Figure 12.1, in which a stock price starts at §; and moves
either up to Syu or down to Spd. As in Chapter 10, we define p as the probability of an
up movement in a risk-neutral world. The total return provided by the stock in a risk-
neutral world must be the risk-free interest rate, r. The dividends provide a return equal
to g. The return in the form of capital gains must be r — g. This means that p must
satisfy

pSou + (1 — p)Sod = Spe™ 97 (12.6)
or
T _ d

T —d 12.7)

p:

! See Merton, R. C. “Theory of Rational Option Pricing.” Bell Journal of Economics and Management

Science 4 (spring 1973): 141-83.
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Figure 12.1 Stock price and option price in one-step binomial tree

As noted in Chapter 10, the value of the derivative at time zero is the expected payoff in
a risk-neutral world discounted at the risk-free rate:

f=eTpf,+(1-pfil (12.8)

Example

Suppose that the initial stock price is $30 and the stock price will either move up
to $36 or down to $24 during a six-month period. The six-month risk-free interest
rate is 5%, and the stock is expected to provide a dividend yield of 3% during the
six-month period. In this case u = 1.2, d = 0.8, and

e(0.05—0.03)x6/12 —08

P=—5—o5 = 05251

Consider a six-month put option on the stock with a strike price of $28. If the
stock price moves up, the payoff is zero; if it moves down, the payoff is 4. The
value of the option is therefore

e %9%%%[0.5251 x 0+ 0.4749 x 4] = 1.85

OPTIONS ON STOCK INDICES

As discussed in Chapter 7, several exchanges trade options on stock indices. Some of
the indices track the movement of the market as a whole. Others are based on the
performance of a particular sector (e.g., computer technology, oil and gas, transporta-
tion, or telephone). .

Quotes

Table 12.1 shows quotes for options on the Dow Jones Industrial Average (DJX),
Nasdaq (NDX), Russell 2000 (RUT), S&P 100 (OEX), and S&P 500 (SPX) index
options as they appeared in the Money and Investing section of the Wall Street Journal
on Friday March 16, 2001. All the options trade on the Chicago Board Options
Exchange and all are European, except the contract on the S&P 100; which is
American. The quotes refer to the price at which the last trade was made on Thursday
March 15, 2001. The closing prices of the DJX, NDX, RUT, OEX, and SPX on
March 15, 2001 were 100.31, 1,697.92, 452.16, 600.71, and 1,173.56, respectively.
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Table 12.1 Quotes for stock index options from The Wall Street Journal,
March 16, 2001
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(continued on next page)
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Table 12.1 (continued)
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One index option contract is on 100 times the index. (Note that the Dow Jones index
used for index options is .01 times the usually quoted Dow Jones index.) Index options
are settled in cash. For example, on exercise of the option, the hoider of a call option
receives § — X in cash and the writer of the option pays this amount in cash, where $ is
the value of the index at the close of trading on the day of the exercise and X is the
strike price. Similarly, the holder of a put option receives X-— § in cash and the writer
of the option pays this amount in cash.

Example

Consider the April put option contract on the S&P 100 with a strike price of 620
in Table 12.1. This is an American-style option and expires on April 21, 2001. The
cost of one contract is indicated as 29.10 x 100 = $2,910. The value of the index
at the close of trading on March 15, 2001, is 600.71, so that the option is in the
money. If the option contract were exercised, the holder would receive
(620 — 600.71) x 100 = 81,929 in cash. This is less than the value of the con-
tract—indicating that it is not optimal to exercise the contract on March 15, 2001.

Table 12.1 shows that in addition to relatively short-dated options, the exchanges trade
longer-maturity contracts known as LEAPS, which were mentioned in Chapter 7. The
acronym LEAPS stands for Long-term Equity AnticiPation Securities and was origin-
ated by the CBOE. LEAPS are exchange-traded options that last up to three years. The
index is divided by five for the purposes of quoting the strike price and the option price.
One contract is an option on 100 times one-fifth of the index {(or 20 times the index).
LEAPS on indices have expiration dates in December. As mentioned in Chapter 7, the
CBOE and several other exchanges also trade LEAPS on many individual stocks. These
have expirations in January.

The CBOE also trades flex options on indices. As mentioned in Chapter 7, these are
options where the trader can choose the expiration date, the strike price, and whether
the option is American or European.

Portfolio Insurance

Portfolic managers can use index options to limit their downside risk. Suppose that the
value of an index today is §y. Consider a manager in charge of a well-diversified
portfolio whose beta is 1.0. A beta of 1.0 implies that the returns from the portfolio
mirror those from the index. If the dividend yield from the portfolio is the same as the
dividend yield from the index, the percentage changes in the value of the portfolio can
be expected to be approximately the same as the percentage changes in the value of the
index. Each contract on the S&P 500 is on 100 times the index. It follows that the value
of the portfolio is protected against the possibility of the index falling below X if, for
each 1005, dollars in the portfolio, the manager buys one put option contract with
strike price X. Suppose that the manager’s portfolio is worth $500,000 and the value of
the index is 1,000. The portfolio is worth 500 times the index. The manager can obtain
insurance against the value of the portfolio dropping below $450,000 in the next three
months by buying five put option contracts with a strike price of 900. To illustrate how
this works, consider the situation where the index drops to 880 in three months. The
portfolio will be worth about $440,000. The payoff from the options will be
5 x {900 — 880) x 100 = §10,000, bringing the total value of the portfolio up to the
insured value of $450,000. This example is summarized in Table 12.2.
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Table 12.2 Using options to protect the value of a portfolio that mirrors the S&P 500

From the Trader’s Desk

A manager in charge of a portfolio worth $500,000 is concerned that the market
might decline rapidly during the next three months and would like to use index
options as a hedge. The portfolio is expected to mirror closely the S&P 500, which
is currently standing at 1,000.

The Strategy

The manager buys five put option contracts with a strike price of 900. This strategy
is designed to ensure that the value of the manager’s position does not decline below
$450,000.

The Outcome

The index dropped to 880 in the three months. The portfolio was worth $440,000.
The payoff from the options was 5 x (900 — 880) x 100 = $10,000, bringing the total
value of the position up to $440,000 + $10,000 = $450,000.

When the Portfolio’s Beta Is Not 1.0

If the portfolio’s returns are not expected to equal those of an index, the capital asset
pricing model can be used. This model asserts that the expected excess return of a
portfolio over the risk-free interest rate equals beta times the excess return of a market
index over the risk-free interest rate. Suppose that the $500,000 portfolio just considered
has a beta of 2.0 instead of 1.0. Suppose further that the current risk-free interest rate is
12% per annum, the dividend yteld on both the portfolio, and the index is expected to
be 4% per annum. As before we assume that the S&P 500 index is currently 1,000.
Table 12.3 shows the expected relationship between the level of the index and the value
of the portfolio in three months. To illustrate the sequence of calculations necessary to
derive Table 12.3, Table 12.4 shows what happens when the value of the index in three
months proves to be 1,040.

Suppose that S, is the value of the index. It can be shown that for each 1005, dollars in
the portfolio, a total of beta put contracts should be purchased. The strike price should
be the value that the index is expected to have when the value of the portfolio reaches the
insured value. Suppose that the insured value is $450,000, as in the beta = 1.0 case.
Table 12.3 shows that the appropriate strike price for the put options purchased is 960. In

Table 12.3 Relationship between value of index
and value of portfolio for beta = 2.0

Value of index Value of portfolio
in three months in three months ($)
1,080 570,000
1,040 530,000
1,000 490,000
960 " 450,000
920 410,000

880 370,000
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Table 124 Calculations for Table 12.3 when the value of the index is
1,040 in three months ~

Value of index in three months 1,040
Return from change in index 40/1,000, or 4% per three months
Dividends from index ; 0.25 x 4 = 1% per three months
Total return from index 4+ 1 = 5% per three months
Risk-free interest rate 0.25 x 12 = 3% per.three months
Excess return from index

over risk-free interest rate 5 —3 = 2% per three months
Excess return from portfolio

over risk-free interest rate 2 x 2 = 4% per three months
Return from portfolio 3+ 4 = 7% per three months
Dividends from portfolio 0.25 x 4 = 1% per three months
Increase in value of portfolio 7 — 1 = 6% per three months
Value of portfolio $500,000 x 1.06 = $530,000

e

this case 1005, = $100,000 and beta = 2.0 so that two put contracts are required for each
$100,000 in the portfolio. Because the portfolio is worth $500,000, a total of 10 contracts
should be purchased.

To illustrate that the required result is obtained, consider what happens if the value
of the index falls to 880. As shown in Table 12.3, the value of the portfolio is then
about $370,000. The put options pay off (960 — 880) x 10 x 100 = $80,000, and this is
exactly what is necessary to move the total value of the portfolio manager’s position
up from $370,000 to the required level of $450,000. This example is summarized in
Table 12.5.

Valuation

In valuing index futures in Chapter 3, we assumed that the index could be treated as a
security paying a known dividend yield. In valuing index options, we make’ similar
assumptions. This means that equations (12.1) and (12.2) provide a lower bound for
European index options; equation (12.3) is the put—call parity result for European index
options; and equations (12.4) and (12.5) can be used to value European options on an
index. In all cases Sy is equal to the value of the index, o is equal to the volatility of the
index, and q is equal to the average annualized dividend yield on the index during the
life of the option. The calculation of g should include only dividends whose ex-dividend
date occurs during the life of the option.

In the United States ex-dividend dates tend to occur during the first week of
February, May, August, and November. At any given time the correct value of g is
therefore likely to depend on the life of the option. This is even more true for some
foreign indices. For example, in Japan all companies tend to use the same ex-dividend
dates.

Example

Consider a European call option on the S&P 500 that is two months from maturity.
The current value of the index is 930, the exercise price is 900, the risk-free interest
rate is 8% per annum, and the volatility of the index is 20% per annum. Dividend
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Table 12.5 Using options to protect the value of a portfolio that has a beta of 2.0

From the Trader’s Desk

A manager in charge of a portfolio worth $500,000 is concerned that the market
might decline rapidly during the next three months and would like to use index
options as a hedge. The portfolio has a beta of 2.0 and the S&P 500 is standing at
1000. The dividend yield on both the index and the portfolio is expected to be 4% per
annum, and the risk-free interest rate is 12% per annum.

The Strategy

The manager buys 10 put option contracts with a strike price of 960. The strategy
is designed to ensure that the value of the manager’s position does not decline below
$450,000.

The Outcome ,

The index dropped to 880 in the three months. The portfolio was worth $370,000.
The payoff from the options was 10 x (960 — 880) x 100 = $80,000, bringing the
total value of the position up to $370,000 + $80,000 = $450,000.

yields of 0.2% and 0.3% are expected in the first month and the second month,
respectively. In this case Sy = 930, X =900, r = 0.08, 0 = 0.2, and T = 2/12. The
total dividend yield during the option’s life is 0.2 + 0.3 = 0.5%. This is 3% per

annum. Hence, ¢ = 0.03 and |

4 In(930/900) + (0.08 — 0.03 + 0.22/2) x 2/12
1 =

= 0.5444
0.2V/2/12
_ _ 2
b= In(930/900) + (0.08 — 0.03 — 0.2%/2) x 2/12 _ 0.4628

0.2/2/12
N(d,) =0.7069,  N(d,) = 0.6782
so that the call price, ¢, is given by equation (12.4) as |
¢ =930 x 0.7069¢ 7003212 _ 900 x 0.6782¢~09%/12 = 51 83

One contract would cost $5,183.

If the absolute amount of the dividend that will be paid on the stocks underlying the
index (rather than the dividend yield) is assumed to be known, the basic Black—Scholes
formula can be used with the initial stock price being reduced by the present value of
the dividends. This is the approach recommended in Chapter 11 for a stock paying
known dividends. However, the approach may be difficult to implement for a broadly
based stock index because it requires a knowledge of the dividends expected on every
stock underlying the index.

In some circumstances it is optimal to exercise American put options on an index .
prior to the exercise date. To a lesser extent, this is also true of American call options |
on an index. American stock index option prices are therefore always slightly more than
the corresponding European stock index option prices. We will look at numerical

« procedures for valuing American index options in Chapter 17.
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12.5 CURRENCY OPTIONS

European and American options on foreign currencies are actively traded in both the
over-the-counter and exchange-traded market. The Philadelphia Stock Exchange com-
menced trading in currency options in 1982. Since then the size of the market has grown
very rapidly. The currencies traded include the Australian dollar, British pound,
Canadian dollar, German mark, Japanese yen, French franc, and Swiss franc. For
most of these currencies, the Philadelphia Stock Exchange trades European as well as
American options. A significant amount of trading in foreign currency options is also
done outside organized exchanges. Many banks and other financial institutions are
prepared to sell or buy foreign currency options that have strike prices, exercise dates,
and other features tailored to meet the needs of their corporate clients.

For a corporation wishing to hedge a foreign exchange exposure, foreign currency
options are an interesting alternative to forward contracts. A company due to receive
sterling at a known time in the future can hedge its risk by buying put options on
sterling that mature at that time. The strategy guarantees that the value of the sterling
will not be less than the exercise price while allowing the company to benefit from any
favorable exchange-rate movements. Similarly, a company due to pay sterling at a
known time in the future can hedge by buying calls on sterling that mature at that
time. The approach guarantees that the cost of the sterling will not be greater than a
certain amount while allowing the company to benefit from favorable exchange-rate
movements. Whereas a forward contract locks in the exchange rate for a future
transaction, an option provides a type of insurance. This insurance is not free. It costs
nothing to enter into a forward transaction, whereas options require a premium to be
paid up front.

Quotes

Table 12.6 shows the closing prices of some of the currency options traded on the
Philadelphia Stock Exchange on Thursday, March 15, 2001, as reported in the Wall
Street Journal of Friday, March 16, 2001. The precise expiration date of a foreign
currency option is the Saturday preceding the third Wednesday of the maturity month.
The sizes of contracts are indicated at the beginning of each section of the table. The
option prices are for the purchase or sale of one unit of a foreign currency with U.S.
dollars. For the Japanese yen, the prices are in hundredths of a cent. For the other
currencies, they are in cents. Thus, one call option contract on the euro with exercise
price 90 cents and exercise month June would give the holder the right to buy 62,500
euros for U.S. $56,250 (= 0.90 x 62,500). The indicated price of the contract is 2.34
cents so that one contract would cost 62,500 x 0.0234 = $1,462.50. The spot exchange
rate is shown as 88.15 cents per pound sterling.

Valuation

To value currency options, we define S; as the spot exchange rate. To be precise, S, is
the value of one unit of the foreign currency in U.S. dollars. As noted in Chapter 3, a
foreign currency is analogous to a stock paying a known dividend yield. The owner of
foreign currency receives a yield equal to the risk-free interest rate, r;, in the foreign
currency. Equations (12.1) and (12.2), with g replaced by ry, provide bounds for the
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Table 12.6 Currency option prices on the Philadelphia Exchange ‘
from the Wall Street Journal on March 16, 2001
PHILADELPHIA EXCHANGE OPTIONS
CALLS AT CALLS - PUT CALLS PUT
VOL LAST VOL LAST VOL LAST  VOL LAST VOL. LAST  VOL LAST
ADdr 5426 [ J¥en _ 0| % M w . 5 538
50,000 Australian Doliar EOM-European. 6250.000 Jvm EOM-Eumm slw. Euro 88.15
51 Apr 4 04 30 55562500 Euro-cents per unit
ADollr 5426 [J B g 0 04
50,000 Austraian Dolars-European Style. s,zsom.lv.n 100ths of a cent per unit 0 W » 23 1 2%
5 Mar 4 o 5 030 n : :
ADoli 5426 szsn Apr 2 110 2 14| 9 Mx 3 388
50,000 Australian Dolfars-cents per unit 33 Apr 5 151 14 Mar 2 25
m53 Jun 1 o4 .. wi szsommmsmmsm- 9253 | SFranc 5.8
Ir x
50,00 Canadian Dolers European Stye. W0 Sa L | TR SR Frane EOM Eret s
6 Mar - w AT 79 Sep LT X Y : -
6750 Mar 2 33| 82 Ma 2 0, .. |
6750 Sep w20 337 8 m 2 195 .. .. |62500 Swiss Francs-European Style.
COokr 56.48 | Euro 8815 58 Apr 1 130
60,000 Canadian Dotiars-cents pu uniL 62,500 Euro-European style 60 Apr 16 034
ar n z g
T4 Mar 2 10| % T s T4 “'5"5'33"’:;“"’""“6""1_‘;,!'"
75 Mar 2 ag 104 Mar 8 05 . i " 30| sop ) 120
WM Canadian Dollas-mk it sz,sm Ewro-European style. ol. ..
8 Jun 8' W A 2 k. . kvl

Source: Reprinted by permission of Dow Jones, Inc., via copyright Clearance Center, Inc.
© 2001 Dow Jones & Company, Inc. All Rights Reserved Worldwide.

European call price, ¢, and the European put price, p:
> Soe T _ xe™'T
p>Xe T — Spe T

Equation (12.3), with g replaced by r, provides the put—call parity result for currency
options:
c+Xe T =p+ SpeT

Finally, equations (12.4) and (12.5) provide the pricing formulas for currency options
when g is replaced by r:

c =S¢ "TN(d)) — Xe T N(d,) (129) -
p = Xe " N(—d,) — Spe "I N(—d,) (12.10)
where
_In(S/X) +(r—r;+0%/2)T

b= o T

In(So/X) + (r —ry — a*/2)T
dy = =d, —ovT
2 orﬁ 1—0

Both the domestic interest rate, r, and the foreign interest rate, ry, are the rates for a
maturity 7. Put and call options on a currency are symmetrical in that a put option to
sell currency A for currency B at an exercise price X is the same as a call option to buy
B with A at 1/X.

Example

Consider a four-month European call option on the British pound. Suppose that
the current exchange rate is 1.6000, the exercise price is 1.6000, the risk-free
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interest rate in the United States is 8% per annum, the risk-free interest rate in
Britain is 11% per annum, and the option price is 4.3 cents. In this case S, = 1.6,
X =16, r=0.08, ry=0.11, T =0.3333, and ¢ = 0.043. The implied volatility
can be calculated by trial and error. A volatility of 20% gives an option price of
0.0639; a volatility of 10% gives an option price of 0.0285; and so on. The implied
volatility is 14.1%.

From equation (3.13), the forward rate, F;, for a maturity T is given by

Fo = Spe™ 7T

Thus, equations (12.9) and (12.10) can be simplified to

c = e "T[FyN(d,) — XN(dy)] (12.11)
p=e "T[XN(—d,) — FyN(=d))] (12.12)
where
4 — (/%) +0°T/2
1 = O'»\/T
_In(Fy/X)—="T/2 _ ,
d2 = Uﬁ = dl 0'\/7

Note that for equations (12.11) and (12.12) to apply, the maturities of the forward
contract and the option must be the same.

In some circumstances it is optimal to exercise American currency options prior to
maturity. Thus, American currency options are worth more than their European
counterparts. In general, call options on high-interest currencies and put options on
low-interest currencies are the most likely to be exercised prior to maturity. The reason
is that a high-interest currency is expected to depreciate relative to the U.S. dollar, and a
low-interest currency is expected to appreciate relative to the U.S. dollar. Unfortu-
nately, analytic formulas do not exist for the evaluation of American currency options.
We will look at numerical procedures in Chapter 17.

SUMMARY

The Black-Scholes formula for valuing European options on a non-dividend-paying
stock can be extended to cover European options on a stock paying a known dividend
yield. This is useful because a number of other assets on which options are written can
be considered to be analogous to a stock paying a dividend yield. This chapter has used
the following results:

1. A stock index is analogous to a stock paying a dividend yield. The dividend yield
is the dividend yield on the stocks comprising the index.

2. A foreign currency is analogous to a stock paying a dividend yield where the
dividend yield is the foreign risk-free interest rate.

The extension to Black—Scholes can therefore be used to value European options on
stock indices and foreign currencies. As we will see in Chapter 17, these analogles are
also useful in numerically valuing American options on these assets.

Index options are settled in cash. On exercise of an index call option contract, the
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holder receives 100 times the amount by which the index exceeds the strike price.
Similarly, on exercise of an index put option, the holder receives 100 times the amount
by which the strike price exceeds the index. Index options can be used for portfolio
insurance. If the value of the portfolio mirrors the index, it is appropriate to buy one
put option contract for each 1008, dollars in the portfolio, where S, is the value of the
index. If the portfolio does not mirror the index, beta put option contracts should be
purchased for each 100S, dollars in the portfolio, where beta is the beta of the portfolio
calculated using the capital asset pricing model. The strike price of the put options
purchased should reflect the level of insurance required.

Currency options are traded both on organized exchanges and over the counter. They
can be used by corporate treasurers to hedge foreign exchange exposure. For example, a
U.S. corporate treasurer who knows that the company will be receiving sterling at a
certain time in the future can hedge by buying put options that mature at that time.
Similarly, a U.S. corporate treasurer who knows sterling will be paid at a certain time in
the future can hedge by buying call options that mature at that time.
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Quiz (Answers at End of Book)

12.1. A portfolio is currently worth $10 million and has a beta of 1.0. The S&P 100 is
currently standing at 800. Explain how a put option on the S&P 100 with a strike price
of 700 can be used to provide portfolio insurance.
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12.2.

12.3.

12.4.

125
12.6.

12.7.

“Once we know how to value options on a stock paying a dividend yield, we know how
to value options on stock indices and currencies.” Explain this statement.

A stock index is currently 300, the dividend yield on the index is 3% per annum, and the
risk-free interest rate is 8% per annum. What is a lower bound for the price of a six-
month European call option on the index when the strike price is 290?

A currency is currently worth $0.80. Over each of the next two months it is expected to
increase or decrease in value by 2%. The domestic and foreign risk-free interest rates are
6% and 8%, respectively. What is the value of a two-month European call option with a
strike price of $0.80? '

Explain how corporations can use currency options to hedge their foreign exchange risk. -

Calculate the value of a three-month at-the-money European call option on a stock
index when the index is at 250, the risk-free interest rate is 10% per annum, the volatility
of the index is 18% per annum, and the dividend yield on the index is 3% per annum.

Calculate the value of an eight-month European put option on a currency with a strike
price of 0.50. The current exchange rate is 0.52, the volatility of the exchange rate is
12%, the domestic risk-free interest rate is 4% per annum, and the foreign risk-free
interest rate is 8% per annum.

Questions and Problems (Answers in Solutions Manual)

12.8.

12.9.

12.10.

{2.11.

2.12.

Suppose that an exchange constructs a stock index that tracks the return, including
dividends, on a certain portfolio. Explain how you would value (a) futures contracts and
(b) European options on the index.

A foreign currency is currently worth $1.50. The domestic and foreign risk-free interest
rates are 5% and 9%, respectively. Calculate a lower bound for the value of a six-month
call option on the currency with a strike price of $1.40 if it is (a) European and
(b) American.

Consider a stock index currently standing at 250. The dividend yield on the index is 4%
per annum, and the risk-free rate is 6% per annum. A three-month European call option
on the index with a strike price of 245 is currently worth $10. What is the value of a
three-month put option on the index with a strike price of 245?

An index currently stands at 696 and has a volatility of 30% per annum. The risk-free
rate of interest is 7% per annum and the index provides a dividend yield of 4% per
annum. Calculate the value of a three-month European put with an exercise price of 700.

Show that if C is the price of an American call with exercise price X and maturity 7 on a
stock paying a dividend yield of ¢, and P is the price of an American put on the same
stock with the same strike price and exercise date,

See T —X <C—-P<Sy—Xe T

where Sy is the stock price, r is the risk-free rate, and r > 0. (Hint: To obtain the first half
of the inequality, consider possible values of:

Portfolio A: a European call option plus an amount X invested at the risk-free rate

Portfolio B: an American put option plus 4"

invested in the stock

_of stock with dividends being re-
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12.13.

12,14,

12.15.

12.16.

12.17.

CHAPTER 12

To obtain the second half of the inequality, consider possible values of:
—rT

Portfolio C: an American call option plus an amount Xe™" invested at the risk-free

rate

FPortfolio D: a European put option plus one stock with dividends being reinvested
in the stock)

Show that a call option on a currency has the same price as the corresponding put option
on the currency when the forward price equals the strike price.

Would you expect the volatility of a stock index to be greater or less than the volatility of
a typical stock? Explain your answer.

Does the cost of portfolio insurance increase or decrease as the beta of a portfolio
increases? Explain your answer.

Suppose that a portfolio is worth $60 million and the S&P 500 is at 1200. If the value of -
the portfolio mirrors the value of the index, what options should be purchased to
provide protection against the value of the portfolio falling below $54 million in one
year’s time?

Consider again the situation in Problem 12.16. Suppose that the portfolio has a beta of
2.0, the risk-free interest rate is 5% per annum, and the dividend yield on both the
portfolio and the index is 3% per annum. What options should be purchased to provide
protection against the value of the portfolio falling below $54 million in one year’s time?

Assignment Questions

12 18.

12.19.

12.20.

12.21.

Use the DerivaGem software to calculate implied volatilities for the June 100 call and
the June 100 put on the Dow Jones Industrial Average in Table 12.1. The value of the
DJX on March 15, 2001, was 100.31. Assume the risk-free rate was 4.5%, the dividend
yield was 2%. The options expire on June 16, 2001. Are the quotes for the two options
consistent with put-call parity?

A stock index currently stands at 300. It is expected to increase or decrease by 10% over
each of the next two time periods of three months. The risk-free interest rate is 8% and
the dividend yield on the index is 3%. What is the value of a six-month put option on the
index with a strike price of 300 if it is (a) European and (b) American?

Suppose that the spot price of the Canadian dollar is U.S. $0.75 and that the Canadian
dollar/U.S. dollar exchange rate has a volatility of 4% per annum. The risk-free rates of
interest in Canada and the United States are 9% and 7% per annum, respectively.
Calculate the value of a European call option to buy one Canadian dollar for U.S. $0.75
in nine months. Use put-call parity to calculate the price of a European put option to
sell one Canadian dollar for U.S. $0.75 in nine months. What is the price of a call option
to buy U.S. $0.75 with one Canadian dollar in nine months? P

A mutuval fund announces that the salaries of its fund managers will depend on the
performance of the fund. If the fund loses money, the salaries will be zero. If the fund
makes a profit, the salaries will be proportional to the profit. Describe the salary of a
fund manager as an option. How is a fund manager motivated to behave with this type
of remuneration package?
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