Exchange-Traded Options on

Common Stock

No financial instrument has aroused the enthusiasm of
speculators, hedgers, and arbitrageurs—and the con-
cern of regulatory authorities—as quickly and com-
pletely as exchange-traded stock options following their
introduction in 1973 by the Chicago Board Options
Exchange (CBOE). Market participants and” informed
observers have argued variously that options offer
opportunities for speculative profits and for hedging or
reducing risk, that options provide strong incentives
for the manipulation of stock prices and the defrauding
of investors, and that options may ultimately be the
cause of a collapse comparable in magnitude to the
great crash of 1929.

The explosive popularity of stock options is evident
from the growth in trading volume from under 6 million
call option contracts in 1974 to almost 39 million con-
tracts in the first nine months of 1978. When the CBOE
first opened for business, it sponsored trading in call
options on sixteen common stock issues. By the fall of
1978, four additional exchanges were sponsoring trad-
ing in options, including the American Stock Exchange,
the Philadelphia Stock Exchange, the Midwest Stock
Exchange, and the Pacific Stock Exchange.? The five
options exchanges presently sponsor trading in call
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1 Exchange-traded options are traded as contracts for the purchase
or sale of one round lot of stock, which is typically 100 shares

2 An Amsterdam exchange also sponsors trading in options
on common stock issued by American cor‘porations.
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options on about 220 stock issues and put options on
twenty-five of those issues.

The concern of regulatory authorities with this re-
markable growth became evident during the summer of
1977, when the Securities and Exchange Commission
(SEC) declared an informal moratorium on additions to
the list of stocks on which exchange-traded option
contracts may be written.? In the fall of 1977, the SEC
formalized that moratorium and began an extensive
study of the options market.* Among the major ques-
tions being examined in that study are the adequacy
of self-regulation by the options exchanges, the finan-
cial integrity of the options markets, practices in selling
options to individual investors, and the relation be-
tween trading in stocks and options on those stocks.*

Contractual aspects of stock options

A stock option is a contract, granting to the holder
"specified rights which can be exercised against the
writer of the contract. There are two basic types of
option contracts: puts and calls. Under the most com-
mon form of call option, the holder can purchase from
the writer of the option some number of shares of a
specified stock (called the underlying stock) at a des-

3 Securities Exchange Act Release No. 13760 (July 18, 1977).
The regulatory power of the SEC over the market for options derives
from Section 9(b) of the Securities Exchange Act of 1934.

4 Securities Exchange Act Release No. 14056 (October 17, 1977).

5 In June 1978 the SEC requested public comment on a wide variety
of issues related specitically to the structure of markets in stock
and options. See Securities Exchange Act Release No 14854
(June 15, 1978). Some of these market structure issues are
discussed in the box on page 28.



ignated strike price on or before an expiration date.
Thus, an investor may hold a call option for the pur-
chase of 100 shares of International Business Machines
(IBM) stock at a strike price of $260 per share which
can be exercised on or before April 21, 1979.¢

Should the holder of a call option choose to exercise
his contract rights, he tenders to the option writer funds
sufficient to complete the purchase. If an option holder
does not exercise his right to purchase on or before
the expiration date, all obligations of the writer termi-
nate and the option expires.

A put option is a right to sell stock. Under the most
common form of put option, a holder can sell a speci-
fied number of shares of some underlying stock to the
writer of the put contract, on or before an expiration
date, at a designated strike price. If an option holder
decides to exercise his put option, he tenders to the
option writer the shares he is entitied to sell. The right
to sell the stock terminates after the expiration date.

Why an option has value
An option will have value if a holder can profit by
exercising immediately his contract rights, or if he
thinks he might be able to profit by exercising his rights
at some future date on or before the expiration of the
option.” If IBM stock is trading at, say, $293.50 a share,
then an option to purchase IBM at a price of $240
per share is clearly a valuable right. An option to
purchase IBM at $300 per share is also valuable if
there is a possibility that the price of IBM stock will go
over $300 before the expiration date of the option.
Tables 1 and 2 show an array of values on twelve
different IBM put and call options as reflected in the
closing prices on the CBOE on Friday, September 1,
1978. Table 1 shows that the price of a call option de-
creases as the strike price of the option increases. An
option to purchase IBM at a price of $260 per share, for

¢ The concepts discussed in this article are illustrated with options on
IBM common stock. IBM stock 1s widely owned and famihar to many
investors, and both the stock and the options are actively traded.
On December 19, 1978, IBM announced a four-for-one stock spht,
to take effect on or after May 10, 1979. Following the effective
date of the split, each previously outstanding exchange-traded
option contract for 100 shares of IBM stock will become four
contracts for 100 shares each, with strike prices equal to one quarter
of the original strike prices. For example, the holder of one call
option contract for 100 shares at $260 per share will become the
holder of four call option contracts for 100 shares each at $65
per share..The stock split will have no impact on the economic
position of either writers or holders of IBM options. The stock split
will also not affect any of the illustrative examples given below,
since all of those examples involve options which expire on
or before Apnl 21, 1979,

7 It is noted in an appendix to this article that, under one theory of
option pricing, the price of an option is equal to the discounted
present value of the price the option is expected to have on its
exptration date.

example, is more valuable than a call option with the
same expiration date and a strike price of $280. Table
1 also shows that the price of an option increases with
the futurity of the option. An option to purchase IBM
stock on or before April 21, 1979 confers on the holder
more rights than an option which expires on January
20, 1979. It follows that call options with more distant
expiration dates will have higher prices, everything
else being the same. Table 2 shows that the value of
a put option increases with the strike price (since puts
are rights to sell, a higher strike price implies a more
valuable option) and increases with the futurity of the
expiration date of the option.

Exchange markets for stock options

Until 1973, stock options were bought and sold in the
over-the-counter (OTC) market. In practice, a second-
ary market sale of an unexpired OTC option was rare.
Most of the business consisted of buying options and
holding them to expiration, at which time they were
either exercised or allowed to expire. The strike price
on an OTC option was generally set at the contempo-
raneous price of the underlying stock, and the expira-
tion date was most often set at one, two, three, or six
months in the future. At any point in time there typically
existed a wide variety of options on a given stock, with
little uniformity of either strike prices or expiration
dates among different options.

The innovation in 1973 by the CBOE of an organized
market for options revolutionized trading in those se-
curities. Perhaps the single most important CBOE
innovation was the standardization of option strike
prices and expiration dates.

Looking again at Table 1, note that there were only
twelve call option contracts in IBM available for trad-
ing on the CBOE on September 1, 1978. There are
only four potential expiration dates for IBM options
each year: the Saturday following the third Friday in
January, April, July, and October.® Only the three
nearest dates are open for trading at any one time.

Strike prices on exchange-traded options are initially
selected to bracket the price of the underlying stock.
Strike prices are set in intervals of $5 for stocks priced
below $50, in intervals of $10 for stocks priced be-
tween $50 and $200, and in intervals of $20 for stocks
priced over $200. Trading in a new strike price will be
opened if the price of the underlying stock moves at
least halfway through the interval bounded by the new
strike price. For example, if there are options with

8 This 1s called the January-April-July-October expiration cycle.
Other options may have the same expiration cycle, or may
have a February-May-August-November cycle or a March-June-
September-December cycle
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strike prices of $80 and $90, the underlying stock must
trade at or above $95 a share before trading is opened
in options with a $100 strike price.

The standardization of contract terms and the limita-
tion of the number of different contracts available for
trading is a deliberate policy decision of the options
exchanges. Standardization of the terms of put and
call options means that trading is concentrated in a
small number of contracts rather than spread out over
tens or hundreds of different contracts, as was the case
prior to 1973. This has resulted in more liquid markets
and has facilitated trading in options.

Purchase and sale of exchange-traded options

Most investors are familiar with the mechanics of trad-
ing stock on an exchange like the New York Stock
Exchange (NYSE). Brokers representing the buyer and
seller meet on the Exchange’s floor and agree to a
mutually acceptable transaction price.®* The seller de-
livers his stock to his broker, who redelivers the stock
to the buyer’s broker, who in turn sends it to the ulti-
mate buyer. Payment for the stock follows the reverse
path. Transactions in exchange-traded options do not
occur the same way.

Suppose one investor wants to sell a single |BM
April 280 call option contract, i.e., a call option on
100 shares of IBM stock with a strike price of $280
per share and an expiration date of April 21, 1979, and
a second investor wants to buy the same option. As
in the case of stock trading, brokers representing
the two investors will meet on the floor of the CBOE
and agree to a mutually acceptable transaction price.
The transaction will not, however, be completed by
the delivery of a call option contract written by the
seller to the buyer.

Transactions in exchange-traded stock options re-
sult in the establishment of a series of contractual
relationships. Following the agreement of the two
brokers in the example to a transaction price on the
IBM April 280 calls, the broker representing the
seller will give a call option contract to an organi-
zation known as The Options Clearing Corporation
(OCC), agreeing to deliver 100 shares of IBM stock
upon payment of $280 per share before the April
expiration date. The OCC in turn gives an identical
call option contract to the broker representing the
buyer of the option. The buyer has a right to demand
100 shares of IBM stock from his broker upon payment
of the strike price, and the seller’s broker has a similar
right to demand stock from the seller. Funds from the

? The mechanics of trading stock on an exchange is discussed
more completely in William Melton, ““Corporate Equities and the
National Market System”, this Review, box on pages 14-15.

ultimate buyer reach the ultimate seller through the
OCC and the transactors’ brokers.

The significance of these contractual relations is
that the option contract does not run directly from the
seller’s broker to the buyer's broker, but rather runs
through the OCC. The OCC is a contractual intermedi-
ary in all exchange-traded stock options.”

The importance of the OCC stems from the homo-
geneity of risk which it imparts to exchange-traded
options. In the OTC options market that existed before
1973, an investor had to be careful not to buy an option
from a financially unreliable writer. A holder certainly
wanted to have confidence that the writer would deliver
stock if his call was exercised, or would deliver cash
if his put was exercised.” A buyer of exchange-
traded options does not need to know or pass judg-
ment upon the creditworthiness of either a seller or a
seller’s broker, since he never enters into a contract
with either one. His contract is with the OCC, and the
integrity of that contract rests solely on the credit-
worthiness of the OCC.

The Options Clearing Corporation

The OCC is a corporation owned by the five exchanges
that sponsor trading in options. Legally, it is an issuer
of option contracts to brokerage firms. It does not,
however, act like an ordinary corporation selling secu-
rities. The OCC issues an option only when a buyer
and seller have agreed, through brokers on an ex-
change floor, to a transaction in that option. The OCC
then issues an option contract to the buyer's broker
and acquires an option contract from the seller's
broker. In this way, the OCC maintains a balanced
book in option contracts: it writes exactly the same
type and number of contracts that it holds. The number
of contracts in a particular option which the OCC has
written is called the open interest in that option.

The holder of an OCC option can sell his option by
locating, through his broker, an agreeable buyer on an
exchange floor. Technically, however, the sale of an
option contract by an existing holder is actually a re-
purchase by the OCC of one of its outstanding con-
tracts and, unless the buyer had previously written an

10 The OCC deals only with brokers who are members of one of the
{ive options exchanges and who have sufficient financial resources.
Such brokers are called “'clearing members” of the OCC. Any
participant in the options market who is not a clearing member of
the OCC must have purchases and sales booked through a
clearing member. This includes other brokers and traders active
on the floors of the options exchanges.

1 Writers of OTC options usually had their option contracts endorsed or

guaranteed by a member of the NYSE to improve the creditworthiness
of those contracts. The endorser charged a fee for this service.
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identical contract to the OCC, the reissuance of that
contract to the new buyer. Had the buyer previously
written an identical contract to the OCC, his purchase
would close out that earlier position. That is, his pur-
chase would eliminate his contractual obligation to
the OCC. The difference between the two sales is that
in the first case the open interest in the option is
unchanged while in the second case the open interest
is reduced by one contract.

Exercising OCC options

When a holder decides to exercise a call option he
informs his broker, which in turn informs the OCC that
it is exercising an option which it holds on that corpo-
ration. To complete the exercise, the OCC randomly
selects a broker on whom it holds an identical option.
That broker will then select one of its customers who
have written call options to deliver stock according
to his or her contract. The broker can select the cus-
tomer randomly, or by any other reasonable method.
The stock obtained from the exercise of a call option
moves from the ultimate writer to the ultimate holder
through their respective brokers. Put options are ex-
ercised in a similar way.

A broker who has written an option to the OCC is
contractually obligated to make good on his option
regardiess of whether or not his customers can de-
liver stock (on calls) or cash (on puts). To ensure
that brokers can meet their obligations, the OCC re-
quires brokers representing option writers to maintain
deposits of cash, United States Government securities,
or bank letters of credit or, in the case of writers of
call options, deposits of the underlying stock. In prac-
tice, the bulk of the deposits held by the OCC is in the
form of letters of credit, which amounted to over $780
million on June 30, 1978. The OCC, of course, remains
liable for the options that it has written to brokerage
firms representing option holders.

If the price per share of some stock is greater than
the strike price of a call option on that stock, the
option clearly has positive value. When such an option
approaches expiration, a holder will usually either
sell or exercise the option, since its value will fall to
zero following the expiration date. Experience with
exchange-traded options has shown that most (but not
all) holders of such valuable option contracts never
exercise those contracts. Instead, they close out their
positions by selling to other investors who are short to
the OCC. If the strike price of a call option exceeds
the price of the underlying stock, a holder may allow
his option simply to expire.

How much is a call option worth?
Call options have positive value because they impose
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obligations only on the writer and not on the holder.
As Table 1 shows, however, the value of an option
depends on its strike price and expiration date. The
characteristics of this dependence illuminate the na-
ture of a call option.”?

The intrinsic value of a call option

Consider, in Table 1, the October 280 call option in
IBM. Since IBM was trading at $293.50 a share at the
close of the markets on September 1, 1978, an investor
holding that option could profitably exercise his right
to buy IBM stock at a price of $280 a share. His net
revenue would be the difference between the market
price of the stock and the strike price of his call option,
or $13.50 per share. This price difference is called the
intrinsic value of the option.

The intrinsic value of a call option measures the
value of the option to an investor who would buy and
exercise the option immediately. If the stock price is
greater than the option strike price, an option exer-
cise, foliowed by a sale of the stock, produces a profit.
Hence, the option has a positive intrinsic value, and
is said to be in-the-money. |f the stock price is less
than the strike price, an exercise would not generate
any revenues (it would, in fact, cause a loss), so the
option has zero intrinsic value and is out-of-the-money.
The IBM October 300 call option shown in Table 1 was
out-of-the-money and had zero intrinsic value on Sep-
tember 1, 1978.

The price of an unexpired option must always be
greater than, or equal to, its intrinsic value. If the op-
tion price is less than intrinsic value, arbitrageurs™
will buy and exercise the option and simultaneously
sell the underlying stock at a price greater than the
cost of the option and its strike price. They will use
the shares obtained from the exercise to deliver
against the stock sale. Such riskless arbitrage will
keep the option price from falling below the intrinsic
value of the option. Table 3 shows the intrinsic
values of the twelve call option contracts exhibited in
Table 1. All of the option prices exceed the corre-
sponding intrinsic values.

12 Because trading in call options Is far more important at present
than trading in put options, this section on option valuation, and the
two following sections on hedging and speculating, discuss only
the former.

13 Arbitrage 1s the purchase of undervalued securities, and the sale of
overvalued securities. In an intrinsic value arbitrage, the purchase
of the option and simultaneous sale of the stock will yield a profit
at no nisk and hence 1s called riskiess arbitrage. Other arbitrage
activities may nvolve risk, but are nevertheless undertaken if their
anticipated profits far outweigh their risks.



Table 1

CIosing Prices of IBM Call Options on
September 1, 1978*

In dollars; per share optioned

Explration date

October 21 January 20 April 21~

Strike price 1978 1979 1979

240 ...l . 56.00 58.75 62.00
260 ...iiieiannn.. . . 38.00 41.00 45.75
280 ..ol NN 20.63 26.75 32.38
300 ... il 8.63 15.13 20.00

* International Business Machines stock closed at $293.50 a
share on the New York Stock Exchange on September 1, 1978.

Table 3

" Intrinsic Values of IBM- Call Options on
September 1, 1978*

In dollars; per'share optioned

Explration date

] ' October 21 Januairy 20 April 21
Strike price 1978 1979 1979

S 240 Lol 53.50 53.50 53.50
260 ... e 33.50 33.50 33.50
280 L...iiiiiieiana. 13.50 13.50 13.50

300 .. i . 0 0 i 0

* Computed as the greater of (a) zero and (b) the difference
between the closing stock price of 5293 50 and the strike
price of the option. )

, Table.5 "
Estimated Hedge Ratios for IBM Call Options on
" September 1, 1978*

Change in dollar price of an option on one share per
$1 .00 change in the stock pnce

>

Expiration date

October 21 January 20 April 21
Strike price 1978 1979 1979
240 .ot 1.00 .98 .96
260 ........ 97 .91 .88
280 i veee - 81 77 7
300 ...... 46 56 .61

* See appendix for method of estimation:

Table 2

Closing Prices of IBM Put Options on
September 1, 1978*

In dollars; per share optioned

) Explration date

October 21 January 20 April 21

Strike price . 1978 ’ 1979 1979
240 ..., .07 . 1.19 2.88
260 ....iiiiiian., e 56 - 3.75 6.50
280 ..iiiiiiiia, 3.63 9.00 11.63
300 ..., 11.63 17.00 20.25

>

* International Business Machines stock closed at $293.50 a
share on the New York Stock Exchange on September 1, 1978.

Table 4

Time Values of IBM Call Options on
September 1, 1 978*

In dollars; per share optioned

) Expiration date
October 21 January 20 April 21

Strike price 1978 1979 1979
240 .. ..iiiiiiin... 2.50 5.25 . 8.50
260 ... 4.50 7.50 12.25
280 ..o 7.13 13.25 18.88
300 ........ N '8.63 15.13 20.00

* Computed as the difference between the closing option price
in Table 1 and the intrinsic value of the option in Table 3.

Table 6
Estimated Elasticities of IBM Call Options on
September 1, 1978*

Percentage change in dollar price of an option per 1 percent
change in the stock price.

<

Expiration date

October 21~ January 20 April 21
Strike price 1978 - 1979 1979
240 ....iiiiiiean. 5.21 4.66 4.21
260 .....iiiiiian., ) 7.76 6.16 5.24
280 ... 12.37 8.14 6.48
300 oo 19.24 10.54 7.91

* See appendix for method of estimation.
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The time value of a call option

Market participants will value an option at a premium
over the revenue they can get from an immediate ex-
ercise if they believe they may be able to make even
more money by exercising the option at some future
date. When the price of an option exceeds its intrinsic
value, the option is said to have a positive time value.

That options should have a positive time value is
most easily seen by considering out-of-the-money op-
tions with zero intrinsic value. Such options are clearly
not worthless because there is always the chance that
the stock price will move above the option strike price
before the expiration date. In Table 1, an IBM October
300 call option was worth $8.63 on September 1, 1978,
even though the underlying stock was then trading at
less than $300 a share, Investors knew it was not im-
possible that the stock price could exceed $300 some
time during the fifty days before the October 21 ex-
piration date.

Table 4 shows the time values of the twelve IBM call
option contracts. Observe that the time values of op-
tions with a common strike price increase as the
futurity of the expiration date increases. This shows

that “time” really is a valuable aspect of an option.:

The total value of a call option

Chart 1 shows the relation between call option prices
and stock prices (both expressed as a percentage of
the option strike price) for IBM options with three
different expiration dates. On its expiration date, an
option will have a price which lies on one of the two
intrinsic value line segments. Prior to that date, the
value of an option will vary with the price of the un-
derlying stock approximately as shown in the chart.
The option/stock price curve will shift closer to the
intrinsic value line segments as the expiration date
approaches. This downward shifting shows why mar-
ket participants sometimes refer to an option as a
wasting asset. As the time remaining to expiration
declines, so does the value of an option when the price
of the underlying stock remains unchanged.

The option/stock price curves shown in Chart 1
were computed from a theoretical model of option
pricing derived by Fischer Black and Myron Scholes.
{Their model is described in the appendix.) That model
has come into general use among participants in the
options markets and is available through several elec-
tronic information systems.

How option/stock price relationships are maintained
Chart 1 also locates the values of the twelve IBM call
option contracts shown in Table 1. Although the op-

tion/stock price curves exhibited in Chart 1 are based’

on a theoretical model, the proximity of the actual IBM
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option prices to their predicted values suggests the
model is reasonably accurate. This is the result of arbi-
trage activity by market participants.

Suppose, for example, that the price of IBM common
stock increases in trading on the NYSE but that IBM
option prices remain unchanged on the CBOE. The
option/stock price curves imply that the options have
become ‘“‘undervalued”, i.e., priced below their theo-
retical values derived from the now higher price of the
underlying stock. This may lead some market partici-
pants to buy the options and, if they want to hedge their
risk, sell the stock. (Exactly how they hedge their
risk is explained in the next section.) Their transactions
drive up the price of the options relative to the stock
price. Such arbitrage activity will continue until the
predicted option/stock price relationships are reestab-
lished.™

Information on the price at which an underlying
stock is trading is a critically important piece of infor-
mation to the market in options on that stock. Under
normal circumstances, stock price information reaches
the options exchanges via ticker tapes and price in-
terrogation systems. Although these systems usually
report the price of a stock trade within a minute
or two after it has occurred, market participants have
a substantial incentive to get even faster information.
In the summer of 1976, the NYSE found some of its
members were relaying information on 1BM stock price
changes to colleagues at the CBOE over open tele-
phone lines. Their colleagues then bought or sold IBM
options in arbitrage activities like that described above.
This practice, known as tape racing, ended when the
NYSE upgraded the speed of reporting transactions in
IBM. The incident is noteworthy because it illustrates
the value to the options markets of information on stock
transactions and the lengths to which market partici-
pants will go to obtain and use such valuable informa-
tion.”

It should not be assumed that causality runs only
in the direction of stock price changes affecting option

4 Since clearing charges and other transactions costs aré incurred
in trading both stock and options, an option/stock price discrepancy
must be large enough to permit an arbitrageur to make a profit
net of those costs. Thus, there is a region around the ‘‘equilibrium”
option value within which the actual option price can fluctuate
freely without inducing arbitrage activity.

15 A related, but different, type of activity, called front running,
involves the purchase or sale of options on the basis of future stock
transactions. For example, \f a market participant learns of the
impending sale of a large block of stock, he may anticipate a price
decline and hasten to sell options on that stock. Tape racing
involves the use of information on transactions which occurred in
the past, but which have not yet been reported to the options
markets. See also the box on page 28.



prices The converse, whereby changes in option
prices are reflected in subsequent stock price changes,
can also occur Indeed, since call options give an In-
vestor substantial leverage of his capttal, it may some-
times make more sense Lo buy options instead of stock,
especially if the buyer has access to favorable Infor-
mation about a stock issuer which has not yet been
fully reflected in securities prices ™ Any resulting in-
crease In option prnices relative to stock prices would
lead arbitrageurs to self options and, as a hedge, buy
the underlying stock Their efforts to restore equilib-
rium between the stock and options markels will push
up the stock price, an increase which would appear as
a sympathetic response of stock prices to the ongnal
in¢rease In option prices

The option/stock price curves of Chart 1 illustrate
a price fevel equthbrium between the stock and options
markets That chart does not, however, give any hint
as to whether price changes will first appear in the
stock market or in the options market

Spreading
Arbitrage keeps stock prices and oplion prices approxi-
mately at their relative equilibrium values A similar
activity, called spreading, maintains the relative values
of different opltion contracts Suppose, for example,
an influx of retarl purchase orders on the floor of the
CBOE was to dnive up the price of IBM January 280
call options Market professionals would quickly ob-
serve that those options had become overpriced rela-
tive 1o other IBM option contracts They would then
sell January 280 calls at what they perceive as a pre-
mium price and, to hedge their exposure to risk, buy
other IBM call options

Spreading, or the simultaneous purchase and sale
of different option contracts, 1s an arbitrage of relative
values between two options rather than between an
opticn and the underlying stock It 1s usually under-
taken by floor traders on an options exchange, because
their access to trading in options 1s quicker than the
access of off-floor arbitrageurs

Spreading 1s important to options markets, because
it tncreases the liquidity of contracts which trade
infrequently In the absence of spreading, a relatively
small public purchase or sale order n a thinly traded
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option could cause a large price change in that con-
tract Because of the opportunity to spread, however,
market professionals are willing to take the other side
of a public trade, thereby dampening price fluctuations,
since they know they can hedge their risk 1n more
actively traded contracts Even though they may have
to hold a position in the infrequently traded option for
some tme, therr spread hedging removes much of
their exposure to market risk

Hedging risk by writing call options
When an investor owns common stock, he 1s exposed
to the nisk of unanticipated changes in the value of
his stock One way to avoid that risk 1s, of course, to
sell the stock Another, and increasingly popular, way
to reduce or to eliminate nsk on equity investments 1s
to write call options

Chart 1 shows that call option prices move in the
same direction as stock prices If the price of a stock
declines, an investor who earlier wrote call options on
his stock can recover part of the losses on that stock
by buying back the same options at their new, lower,

Chart 1 \

Estimated Values of IBM Call Options
as a Function of the Stock Price on
September 1, 1978*

Call option price as a percentage
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Chart 2

Estimated Hedge Rahtios of IBM Call Options
as a Function of the Stock Price on
September 1, 1978 *
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price This method of hedging nsk depends on the
relation between changes in option prices and changes
In stock prices, a relation known as the hedge ratio

The hedge ratio

The hedge ratio of an option I1s defined as the dollar
change n option value which accompanies a one-
dollar change 1n the price of the underlying stock 7 This
ratio must he somewhere n the interval between zero
and unity It will be zero If the option 1s far out-of-
the-money, so that changes in the stock price hardly
affect the value of the option The hedge ratio will
be unity if the option 1s deep-in-the-money, for the
option 1s then tantamount to a commitment to buy the
underlying stock In that case, the stock and the option
change in value dollar for dollar In general, the hedge
ratio will depend on the strike price and time to expira-
tion of the option and on the price of the underlying
stock Table 5 shows estimated hedge ratios for
twelve different call options on IBM common stock at

17 The hedge alo of an opt on s also crlled tho option delta
a reflecticr o' its defincion as *ha change in oplion value associatad
with a small change in the stock price
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the close of the markets on September 1, 1978 Note
that deep-in-the-money contracts, ke the April 240s,
have hedge ratios near unity regardless of their ex-
piration dates, while out-of-the-money contracts which
are close to expiration {the October 300 contract} have
lower hedge ratios

Hedge ratios and small price changes
To illustrate how writing call options can reduce the
risk on a stock position, consider writing January 280
calls against a position 1n IBM stock As shown n
Table 5, on September 1, 1978 a $1 00 increase {or
decrease) in the price of IBM stock would have been
accompanied by approximately a £077 increase (or
decrease) in the price of the January 280 call option
Suppose an investor owned 10,000 shares of IBM stock
and wrote calls on 13000 shares of the stock lf his
stock decreased in value by $100 per share, the op-
tions would decrease in value by $077 per share
optioned The investor could then repurchase the
options which he previously wrote, at a cost $10 000
less than the revenues he received when he wrole
them {$10,000 = 13,000 shares optioned ~ $077 per
share optioned) This gain just balances the decline In
the value of his stock Conversely, had the price of IBM
stock increased by $100 a share, the investor would
have gamned $10,000 on his slock position and lost
$10.000 on his option position For this reason, the
short position 1n options is a hedge against the risk
of small changes in the price of the underlying stock
The decision to wrnite calls on 13 000 shares, rather
than on 14,000 shares or 12,000 shares, 1s based on
this balancing or hedging, +e, 13,000 = 10000/0 77

Among the most active writers of call options for
hedging purposes are securiigs firms which provide
block positioning services to their customers When an
investor wants to sell more stock than his broker can
readily find buyers for, the broker may offer to pur-
chase the remaining unsold stock for his own inven-
tory, or to “position” the excess shares As long as
the stock remains in his inventory, the broker has
capital at nsk Untl 1973, this risk could be ehminated
only by selling the positioned stock Because the mar-
kets 1n exchange-traded options have become so active,
however, 1t 1s now sometimes more efficient for a
broker to hedge his rnisk by wnting call options rather
than by selling the underlying stock

It should not be assumed that simply because an
investor has hedged a long stock position by writing
call options he therefore bears no nsk The value
of his portfoho may be insulated against small stock
price changes, but it 1s not immune to losses which
can result from sudden, large stock price changes
Moreover, the investor must momtor continually the



Effect of Changes in the Hedge Ratio on a “Hedged"” Position

An investor can lose money on a supposedly “hedged”
position bacause the hedge ratio of an option changes
with the price of the underlying stock. The variation in
tha hedge ratio which follows a stock price change is
illustrated in Chart 2. Note that the hedge ratio be-
comes larger when the stock price rises, and grows
smaller when the stock price falis. One consequence of
this behavior is that a long position in stock and a short
position in call options may be hedged but it is not
riskless.

As was demonstrated in the text on page 34, on
September 1, 1978, an investor who was long 10;000
shares of IBM stock and short January 280 call options
on 13,000 shares was hedged against the risk of small
changes in the price of the stock. If the stock price began
to fall, however, the hedge ratio on the options would
also decrease. Were the hedge ratio to fall from 0.77 (its
value on September 1) to, say, 0.72, the investor hedg-
ing 10,000 shares of stock would need to increase
his short option position to call options on 13,900
shares of IBM (13,900 = 10,000/0.72). If he fails to
sell options on an additional 900 shares, then for every
additional $1.00 decrease in the stock price he will lose
$640 (—$640 = 0.72 x 13,000 — 10,000). Were the stock
price to continue to fall, his risk exposure to further
price declines would become progressively larger.

A similar argument applies in the case of increases
in the stock price. If the stock price increased, the
hedge ratio on the January 280 options would also
increase. Were the hedge ratio to increase from 0.77
to, say, 0.80, the investor hedging 10,000 shares of
stock would need to maintain a short position in
January 280 calls on only 12,500 shares of IBM (12,500
= 10,000/0.80). Unless the investor buys back calls on
500 shares of stock, for every additional $1.00 increase
in the stock price he will lose $400 (—$400 — — 0.80 x
13,000 +- 10,000). This happens because his short posi-
tion in calls on 13,000 shares now hedge 10,400 shares
of IBM, yet the investor owns only 10,000 shares.

Hedge ratios and large price changes

The loss on a hedged position which can result when
stock prices change by a large amount in a short inter-
val of time provides an extreme example of the conse-
quences of failing to maintain the correct number of
short calls against long stock. Suppose again that an
investor hedged on September 1, 1978 a position in
10,000 shares of IBM stock by writing January 280
call options on 13,000 shares. His portfolio would then
be insulated from small positive or negative changes in
the price of IBM stock. Suppose, however, another cor-
poration announced on Tuesday, September 5, a cash
tender offer for any and all shares of IBM common stock
at a price of $400 per share, /.e., at a premium of 36

percent over the market price of $293.50." The value of
a January 280 call would rise immediately to about
$120 a share. This implies a gain of $106.50 per share
on the stock ($106.50 — $400.00 new stock price
— $293.50 old stock price) and a loss of $93.25 per share
optioned ($93.25 — $120.00 new option price — $26.75
old option price). The investor would incur a loss of
$147,250 ($147,250 = 13,000 shares optioned x $93.25
per share optioned, minus 10,000 shares owned x $106.50
per share owned). These losses are unavoidable be-
cause the investor will be unable to repurchase his calls
while the price of IBM stock is rising; the stock price
will move to about $400 a share in a single, large jump
as soon as the tender offer is announced.

Naked options and covered options

Because the hedge ratio of a call option cannot exceed
unity, an investor hedging a long stock position by
selling calls can protect himself against unlimited
losses due to stock price increases by writing calls on
only as many shares of the underlying stock as he
actually owns. This is called ‘“covered” writing.

Covered option writing limits an investor's losses.?
In the “worst case”, where a stock price increase
pushes the option hedge ratio almost to unity, any
further losses on the short option position will be bal-
anced by gains on the stock held long. Looked at an-
other way, a covered option writer has just enough
stock to deliver in the event his options are exercised,
so he will never have to draw on any cash reserves to
unwind his stock and option positions.

For an investor to hedge fully a long stock position
against small stock price changes, he must write
options on more stock than he owns. In the example
of an investor hedging 10,000 shares of IBM by selling
January 280 calls, the investor had to write options on
13,000 shares.. Call options on 3,000 shares are not
covered and are called naked options. It is the sale
of these naked options which gives rise to the investor’s
risk exposure on large price increases, even though
they must be written to complete the hedge against
small price changes.

1 While an “‘any and all*' tender offer for IBM is unlikely
in view of the amount of cash which would be required,
tender offer premiums of 40 percent over the market
price of the target stock are hardly unusual any more, and
as there is trading in options on many companies much
smaller than IBM, the example is not without merit.

2The maximum loss the investor can experience is the
original value of his stock at the time he wrote the calls,
less the proceeds from wrniting the calls. This loss will
occur if the stock price falls to zero. Because his options
are fully covered, he has no risk exposure 1o stock
price increases, although his gains are limited to the strike
price of the options plus the proceeds from writing the calls.
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price of the stock, because hedge ratios change with
stock prices. The number of options written against the
stock may have to be increased or decreased from
time to time to maintain the hedge. The box on page 35
discusses the implications of large stock price changes
for hedged positions and the consequences of changes
in the hedge ratio.

Speculating with call options

When an investor believes there is an unusually strong
likelihood of a security appreciating rapidly in price,
he may be willing to expose his capital to substantial
risk by making a leveraged investment in that security.
Options provide a remarkably efficient vehicle for lev-
eraged speculation, because their values are extraor-
dinarily sensitive to underlying stock prices. Where a
stock price might increase by 5 or 10 percent on
favorable news, an option can appreciate by 30 or 60
percent on the same news.

The elasticity of option prices

The elasticily of an option is defined as the percentage
change in the value of the option which accompanies
a 1 percent change in the value of the underlying
stock.® Thus, elasticity is a measure of the relative
price sensitivity of an option contract.

The elasticity of an option depends on the strike
price and time to expiration of the option and on the
price of the underlying stock. Table 6 shows the esti-
mated elasticities of twelve call options on IBM stock
at the close of the markets on September 1, 1978,
Taking, as an example, the October 240 option, if IBM
had closed on that day at a price 1.00 percent higher
(at $296.44 = 1.01 X 293.50), then an October 240 call
option would have closed approximately 5.21 percent
higher (at $58.92 = 1.0521 X 56.00).

As shown in Table 6, for a given strike price, option
contracts close to expiration are more elastic than
contracts with relatively distant expiration dates. For
contracts with a common expiration date, an out-of-
the-money option will be more elastic than an in-the-
money option.

The foregoing comments illustrate why out-of-the-
money options close to expiration are considered vola-
tile securities: they are extremely sensitive to move-
ments in the underlying stock price. This sensitivity
is well illustrated by the behavior of IBM options dur-

8 If a call option changes in value from C, to C, while the price

of the underlying stock changes from S, to S,, then the elasticity of
the option 1s e = ([C,— C,1/C,)/([S, — S,1/S,). [C,—C.1/C,
measures the relative change in price of the option contract and

[S;, — S,1/8, measures the relative change in the stock price.

Note that the hedge ratio 1s h = [C, — C,1/[S, — S,], so the elasticity
may also be defined as e = h S,/C,.
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ing the April 1978 market rally. Table 7 gives the
prices of IBM stock and the April 240 call option on
that stock at the close of the markets each day for the
two weeks preceding the April 22 expiration date of
the options. On April 12, the April 240 options were
out-of-the-money because IBM stock was then trading
at $236.75 a share. Over the next nine days, however,
the stock market enjoyed a substantial rally. The price
of IBM stock rose to $253.25 a share by April 21, and
the April 240 calls expired in-the-money. Between April
12 and April 21, the April 240 calls appreciated from
$1.06 to $15.25 per share optioned, an increase of 1,339
percent. Over the same interval, the price of IBM com-
mon stock showed a gain of 7 percent. The April 240
options clearly provided enormous leverage for an in-
vestor prescient enough to have predicted the mid-
April rally. Of course, had the market fallen during April,
those same options would have expired out-of-the-
money and a holder would have lost his investment.

Writing naked options

Investors can speculate against declines in securities
prices by writing call options without owning the un-
derlying stock, or by writing naked options (see box
on page 35). If an investor is primarily concerned with
small price fluctuations, such naked writing will put
him in a position comparable to that of a short seller.
For example, an investor who wrote on September 1,
1978, January 280 call options on 13,000 shares of
IBM would have had a position similar to that of an
investor who sold short 10,000 shares of IBM stock
on the same day. A $1.00 decrease in the price of the
stock would increase the wealth of both the short
seller and the option writer by about $10,000. (This is
obviously true for the short seller. It is true for the
option writer because the hedge ratio of the January
280 calls was 0.77 on September 1, 1978, as shown
in Table 5.)

Should the price of an underlying stock rise instead
of fall, the losses incurred by a writer of naked options
will accumulate more rapidly than those of a short
seller. This follows because the hedge ratio of an
option increases with the price of the underlying stock.
(The variation of the hedge ratio of an option with
respect to stock price changes is described in the
box on page 35.) January 280 calls on 13,000 shares
of IBM were equivalent to 10,000 shares’ of stock on
September 1, 1978, when IBM was trading at $293.50
a share. However, if the stock price subsequently
rose, the hedge ratio would begin to increase. If it
reached, say 0.80, then every additonal $1.00 increase
in the price of the stock would cost the naked option
writer $10,400 ($10,400 = 0.80 X 13,000 shares op-
tioned.) A short seller of 10,000 shares would still be



losing $10,000 for every $100 increase in the stock

An extreme example of this type of risk from writing
naked options occurs when an out-of-the-money option
I1s close to expiration Hedge ratios on such options
are small If, however, the stock price nses and the
option goes in-the-money, the hedge ratio of the option
will change very rapidly to almost unity and the price
of the option will increase to more than s now positive
intrinsic value A writer of naked options would then
face the nsk of catastrophic losses from further n-
creases in the stock price (because the hedge ratio 1s
almost unity), and he can avoid that nsk only by buying
back his options at a substantial loss

The April 1978 experience in IBM oplions illustrates
this point As shown tn Table 7, on Aprid 12, 1978, the
April 240 calls on IBM had a hedge ratio of 0 34 and
a price of $106 per sharc coptioned By Wednesday,
April 19, the Apnil 240 calls had gone in-the-money as
a result of increases in the pnice of IBM stock The price
of the calls rose to $13 25 per share oplioned and the
hedge ratio had jumped to unity Speculators who wrote
naked calls on Apnl 12 suffered substantial paper
losses by Apnl 19 They then faced the choice of taking
those losses immediately by buying back theirr much
appreciated options or remaining exposed to the risk
of additiona!l stock price increases

Anolher difference between short selling and wnting
naked options 1s that, while a short seller eventually

Closing [BM Stock and Option Prices in April 1978

April 240 options

Stack price Prce Hedge
Date (dollais) {dollarg) ratio
Apnl 10 24175 294 60
Al a1 ‘39 09 226 L3
Aprl 12 236 75 106 34
Al 13 238 CO 744 41
Arrl 14 #4350 175 75
Apnl 17 ot 13 TR 99
Arnl 18 25163 1. 68 100
Apnl 9 253200 1325 100
Apr 1 20 25325 1325 100
Apnl 21 325 15725 100
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has to cover his borrowing of the stock sold short, a
short position in oplions which expire out-of-the-money
never has to be covered To a writer of options who
looks toward the expiration date, if there i1s only a
small probabiity of an option having positive intrinsic
value on 1ts expiration date, then there 1s a large prob-
abihty that he will be able to keep the proceeds of his
option sales Of course, as the April 1978 experience
showed, there 1s always some finite probabiiity that a
rally will lead, unexpectedly, to options going m-the-
money The losses borne by those who wrote naked
options can then become catastrophic

Does the existence of an oplions market affect the
markets for underlying stock issues?
One of the principal concerns expressed by the SEC
when 1t imposed Its moratorium on new oplions was
whether options aftect the market for underlying stocks
This issue 1s important because corporations raise
equity capital by selling siock. not by selling options
If options somehow reduce the wiilingness of inves-
tors, in the aggregate, to hold stock, regulatory au-
thoriies might conclude that restrictions on option
trading may be in the pubhc interest

It appears thal options could affect the prices of
underlying stocks in three ways (1) by aflecting the
level of stock prices, (2) by affecting the volatiity of
slock prices, and (3) by inducing fraudulfent manipula-
tion of stock prices

Effects on the level of stock prices

As pointed out In the previous seclion, call options
provide a convenient vehicle for optimistic investors
who want to make highly leveraged investments n a
particular stock Bccauselthey believe the stock s
undervalued optimistic Investors necessanly also be-
lieve that call options on that stock are undervalued ™
In buying options for their leverage, optimistic investors
may bid option prices to a premwum relative 1o the
prce of the stock As the ophtions rise to a premium,
arbitrageurs will enter the markets 10 sell what they
perceive as relatively overvalued options and to buy
the underlying stock to hedge their option sales They
will continue to sell optrons and to buy stock as leng
as they conlinue to perceive the options as relatively
overvalued Eventually, the buying activities of arbi-
trageurs will push up stock prices Thus, the purchase
of call options by a group of optimistic speculators

" Thatis even thcugh o 4l o0 prcas mzy be in ecwil brivm % h
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may find expression in rising stock prices through the
perfectly normal activities of arbitrageurs.

The foregoing scenario suggests that call options,
and especially highly elastic call options with substan-
tial leverage, may facilitate the formation of specula-
tive bubbles in stock prices. Such bubbles could
collapse when the optimistic holders of options liqui-
date their positions, depressing the relative values of
the options. Arbitrageurs would then reverse their
former activities by buying back the options which
they had previously sold and by selling the stock which
they had previously bought. These stock sales may
have a depressing effect on stock prices.

Effects on stock price volatility

The existence of an options market may increase the
short-term volatility of stock prices, especially when a
particular option series is close to expiration.

When a call option is close to expiration, it will have
negligible time value and its price will be only slightly
greater than its intrinsic value, where the latter is de-
fined as the excess, if any, of the stock price over the
strike price of the option. If the price of an in-the-
money option which is close to expiration moves sig-
nificantly above its intrinsic value, arbitrageurs will
sell the option and buy stock in anticipation of an
imminent exercise of the option, If the price of an op-
tion falls significantly below its intrinsic value, arbitra-
geurs will buy the option and sell the stock. The stock
needed to deliver against the sale is obtained by exer-
cising the option.

While arbitrage plays the important role of keeping
stock prices and option prices at their “‘correct” rela-
tive values, it also leads to purchase and sale orders
for stock, which would not have appeared in the ab-
sence of an options market. An in-the-money option
close to expiration is a virtually perfect substitute for
the underlying stock.”? The existence of geographically
separated trading in stock and options thus gives rise
to a type of market fragmentation not much different
from the more familiar fragmentation associated with
multiple markets trading identical securities.

When trading in options and underlying stocks is
fragmented, arbitrageurs will send purchase and sale
orders to one or both markets as they seek to take

20 That is, an investor can buy the stock or he can buy an in-the-money
option which Is close lo expiration, knowing that 1t is almost certain
that he will want to exercise the latter on the expiration date
Conversely, a holder of the stock can either sell stock or write an
in-the-money call option which 1s virtually certain to result in an
exercise The idea of stock and in-the-money options being close
substitutes I1s therefore guite similar to the more familiar obser-
vation that the purchase of stock in one market I1s a perfect substitute
for the purchase of the same stock in some other market
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advantage of transient price discrepancies. Indeed,
the very existence of arbitrage orders is evidence
that the markets were not previously well integrated.
While this induced order flow is beneficial to both the
options market and the stock market because it keeps
prices on close substitutes in line with each other, it
may also have the effect of inducing transient fluctua-
tions in stock prices which would not have been pres-
ent had the options and stock markets been better
integrated. In particular, market makers may not realize
that the sudden appearance of selling interest in a
stock is the result of an option trading below its in-
trinsic value and may lower their bid and offer quota-
tions for the stock too rapidly, only to induce counter-
vailing purchase orders from arbitrageurs. Such surges
in order flow between market centers could be
anticipated whenever securities trade actively in mul-
tiple, fragmented, markets, but they may be especially
important in the present context in view of the now
substantial size of the options markets.

Observers have generally agreed that the deleterious
consequences of market fragmentation can be miti-
gated by enhancing the integration of competing mar-
ket centers. With respect to stock and options markets,
such enhancement could be obtained either by geo-
graphic concentration of trading in both stock and
options on the same exchange floor or by improved
communications between exchanges trading in options
and exchanges trading in stocks.? The box on page 28
discusses some of the consequences of trading stock
and options in the same location.

Fraudulent manipulation of stock prices

A third way an options market can affect the prices
of underlying securities is the unusually strong incen-
tive options give for the fraudulent manipulation of stock
prices. Capping is a frequently cited example of such
manipulation.

Suppose a market participant has a naked short
position on soon-to-expire call options with a strike
price only a few dollars above the contemporaneous
price of the underlying stock. If the options expire out-
of-the-money, the investor can keep whatever price he
received originally for writing the options. If, however,
the stock price moves above the option strike price
prior to expiration, the investor’s losses from covering
his short option position could be substantial. He may,
therefore, try to “place a cap” on the stock price by
short selling the stock whenever its price approaches

2 The role of communications in overcoming fragmentation is
. discussed in Kenneth Garbade, “Electronic Quotation Systems and

the Market for Government Securities’, Quarterly Review (Summer
1978), pages 13-20, and William Melton, "“Corporate Equities and the
National Market System’, this Review, pages 13-25.



the strike price of his options. If he can defer what
may be an ultimately irresistible stock price increase
until after his options expire, he may incur less total
loss (including the costs of eventually covering his
short stock position) than were his options to expire
in-the-money.

Manipulative stock transactions can also push stock
prices above the strike price of an option. If an investor
has a long position in options which are only slightly
out-of-the-money, he may feel he would be better off
buying stock (with the intent of pushing the stock
price through the option strike price) and then selling
his in-the-money oplions than simply allowing his
options to expire out-of-the-money.

It appears that the incentives which options provide
for the manipulation of stock prices are unlikely to be
important except immediately before option expiration
dates. Near those dates, there may be substantial re-
wards to a manipulator who can defer or accelerate
a stock price change by a few days. At other times, the
capital required to effect and maintain a prolonged
change in the level of stock prices will be beyond the
resources of almost all market participants. The SEC
and self-regulatory organizations like the NYSE, the
American Stock Exchange, and the CBOE have sub-
stantially enhanced their market surveillance programs
and improved their ability to detect manipulative activi-
ties. These efforts are important for creating public
confidence that the stock and options markets are
fair and equitable for all participants.

Conclusions

The last five years have witnessed a remarkable growth
in investor interest in options. This growth can be
attributed to the much enhanced liquidity of exchange-
traded option contracts. The limitation of contract
terms to a modest number of expiration dates and strike
prices resolved the problem of trading interest in OTC
options being spread too thinly over too many different
contracts to permit a viable secondary market. The
creation of the OCC as a contractual intermediary elim-
inated the need for holders of options to evaluate the
creditworthiness of ultimate writers. Greater homo-

geneity of both credit risks and contract terms reduced
the “investigation” costs of trading in options and led
to greater investor interest in those securities.

Exchange-traded options have now become impor-
tant as both hedging and speculative devices. The
ability to write call options against stock positions has
given investors an important new way to reduce their
risk exposure to price fluctuations on specific securi-
ties. On the other hand, because call option prices
are extremely sensitive to the prices of underlying
stocks, optimistic investors can obtain substantially
leveraged returns from small capital commitments in
options.

The growth of interest in option trading has also
created new problems for regulators and for the securi-
ties industry in general. More frequent occurrences of
manipulative practices like capping might be expected
in view of the greater stake which more investors now
have in options. Similarly, the greater liquidity of the
options markets may encourage practices like front
running (front running is described in the box on
page 28). The SEC and the self-regulatory organiza-
tions have recognized the need for much more careful
scrutiny of markets and trading practices in an environ-
ment of active options markets.

Because the experience with exchange-traded op-
tions is still relatively limited, there exist additional
problems whose importance is difficult to assess at
present. Call options could provide a vehicle for the
formation of speculative bubbles in stock prices. The
collapse of such bubbles would bring losses not only
to options traders but also to investors in the underly-
ing stocks. Nor is it entirely obvious that there is
adequate preparation for the possibility of catastrophic
losses by writers of naked call options. History sug-
gests, however, that, as the interests of participants
in the options markets become more entrenched, the
chances for an orderly appraisal of these potential
problems will diminish. Moreover, any reform which
follows in reaction to catastrophic losses by writers
of naked options will likely be excessive. The current
SEC review of the options markets is thus both timely
and important.

Kenneth D. Garbade
Monica M. Kaicher
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; IR 1973 Flscher Black and Myron Scholes advanced a-
. -mode} for. valumg call optlons ‘on securltles such as com-: .
fl_;mon stock‘ Thelr model has since; become wndely :
_— -accepted ‘and used by financial market' partlcupants The
%, authors showed that the: -valueof a call’ optlon depends ‘
““on five parameters:~(1) the price.of the underlying stock, .- .
denoted. S, (2) the strike price-of the- option, denoted E - o
"(3) the time’ remairiing to the expiration ‘of ‘the” option, =
- denoted t . (4) the: level of .interest: rates,. denoted .r, - . -
- ‘and (5). the’ volattllty of the price of the’ underlymg stock .
o denoted v.. The stock prlce S and the’ optlon strike -~
- 'price .E are measired.in ‘dollars per share and.the time

t remalmng to. explratron is measured in years or. frac-
tions. thereof. The .interest rate T s usually faken' as
7 the: rate on- hlgh-quahty commerclal paper “having" a
’ ~maturlty comparable “to the expiratron date of the op-
_“tion.~The” stock pnce ~volatility v is measuredt ‘as: the,
' vanance per year of the natural Iogarlthm of the stock=
“ price.- : ~

- The Black—Scholes model for the dollar value C of a
-=-'call optton is: . : oo
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Chart 1 shows the predtcted values of call optrons on
- IBM- stock computed from the Black-Scholes model for
three different values of £ In that chart, optlon ‘values
-are- expressed ds a percentage of the strike-price of
the -option,. i.e.,- as the ratio- C/E. The: stock prlce is

. also expressed as a percentage of the’ stnke pnoe oras -

the ratlo S/E. The interest ‘rate was set at 8.5 percent" o
per annum, or r.= 0.085. This is approximately the. rate '

*on hlgh-qualrty commercizlpaper that prevalled at the -, -

begmnlng of- September 1978. ‘ E
" The ‘only: unobservable variable in the BIack—Scholes ;
model is the: stock pnce volatulrty, v.-This varlable can )
“"be’estimated by computmg the value of v which'leads -~
toa predlcted option price: equal to the actual ~market -

pnce ‘of the option.? When thrs was done for the twelve '

- call optrons on.1BM on September 1,-1978; the average, "
£ v"came- out to be .0372. This’ implues that there was -
about a 66 percent chance that the price. of 18M stock

- would vary m one day by Iess than 1 percent of |ts

ar

-exprre m-the money, and’ hence depends o

* _options:on more volattle stocks have a fhlgher probab
_ity of expiring”with..a greater “in-the-moiiey value’ than
.options on. more.. stable: stocks -Thus, sthe- value:
'optlon lncreases with stock volati I|ty

" by .market ‘participants-.to estimate the hedgde; ratro
-+ ‘and the elastrctty ‘of_anoption.. The hedge ratio i de‘-f ke

: :optton and. stock prlces It canbe shown~that the hedge
.ratio-of-an optlon is N[d Je This result was used 1o
’ ~compute the entnes of Tables 5 and 7 and the. curv § ‘0l

" ratio of srmultaneous percentage changes in:
is S+ N[d, ]/C Thns result ‘was used to compute the
: entrles of Table-6.. The values of the hedge ratlo and

; elastncrty of an. optron both’ depend on “the” v_olatllrty‘

) wrthout error and because a partlcular estlmate depends

. 81 (May/June 1973), pages 637-54.

v Joumalol Finance, 33 (Match- 1978) pages 129: 47

3 The variance of the log of the: pnce ‘of IBM stock is 0. 0372 pe
- "year, or. .000102,_per ‘day (000102 = 0.03727365) /-The:sla

+. aone-day mterval is therefore .0101.(:0101 = (. 00010?.)'/2

' tributed vanable ‘wilf be less,than one standard deviation
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The BIack—Scholes pncmg model | is: frequently usedg

fined as the.ratio’ of simultaneous dollar,’ changes

Chart 2. The elasticity of an “option s defmed as, the

stock values. :From the Black<Scholes ‘model; thls' 'ratlo

‘on the method of estlmatlon the computed hedge. ratro”
and elastlcity can only be: vrewed as’ |mperfect estl

1 Frscher Black and Myron Scholes “The- Pncnng of-Optiéns
and Corporate Liabilities”, Journal ot Political: Economy,
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2 This methad of obtalnmg the volatility parameter is drs:
cussed by Richard. Schmalensee-and Robert Trippi, "Common
Stock Volatility Expectations Implied by Optton Premi

dard devratlon of the change in'the iog of the stock pnce ove

or about 1 percent The probability that a normally dis* ;
from its mean’is about 66 percent so the probablllty that the
price of {BM will change by less:. than 1 percent tn value
in one day is: about _66 ;percent. . -
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