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Toric 7: OPTIONS AND THE BLACK-SCHOLES
OrT1I10N PRICING MODEL

ParT 18: OrTION MARKETS: INTRODUCTION

OVERVIEW

This reading focuses on introductory option | this reading, you will understand the basics of
concepts. Definitions and features of put and | options and of how they are used for hedging
call options and related option strategies will be | and speculation purposes. We will also discuss
presented and discussed. Pay particular attention | the logic underlying the pricing of options using
to the calculation of payoffs associated with the | the put-call parity theorem.

various option strategies. Upon completion of

CaLLs AND PuTts

LO 18.1. Define the following features of options: calls; puts; in-the-money versus out-
of-the-money versus at-the-money; American versus European options; the Clearing
Corporation; and options on assets other than common stock.

An option contract gives its owner the right, but not the legal obligation, to conduct a
transaction involving an underlying asset at a predetermined future date (the exercise date) and
at a predetermined price (the exercise or strike price). Options give the option buyer the right
to decide whether or not the trade will eventually take place. The seller of the option has the
obligation to perform if the buyer exercises the option.

*  The owner of a call option has the right to purchase the underlying asset at a specific price for
a specified time period.

*  The owner of a put option has the right to sell the underlying asset at a specific price for a
specified time period.

For every owner of an option, there must be a seller. The seller of the option is also called the
option writer. There are four possible options positions:

* Long call: the buyer of a call option—has the right to buy an underlying asset.
*  Short call: the writer (seller) of a call option—has the obligation to sell the underlying asset.
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* Long put: the buyer of a put option—has the right to sell the underlying asset.
*  Short put: the writer (seller) of a put option—has the obligation to buy the underlying asset.

To acquire these rights, owners of options must buy them by paying a price called the option
premium to the seller of the option.

Listed stock option contracts trade on exchanges and are normally for 100 shares of stock
(e.g., 1 call option gives the right to buy 100 shares of the underlying asset). After issuance, stock
option contracts are adjusted for stock splits but not cash dividends.

To see how an option contract works, consider the stock of ABC Company. It sells for $55 and
has a call option available on it that sells for a premium of $10. This call option has an exercise
price of $50 and has an expiration date in five months. The exercise price of $50 also is often
called the option’s strike price.

not to confuse this with the exercise price of the option, which is the price at which

@ Professor’s Note: The option premium is simply the price of the option. Be careful
the underlying asset will be bought/sold if the option is exercised.

If the ABC call option is purchased for $10, the buyer can purchase ABC stock from the option
seller over the next five months for $50. The seller (writer) of the option gets to keep the $10
premium no matter what the stock does during this time period. If the option buyer exercises
the option, the seller will receive the $50 exercise price and must deliver to the buyer a share of
ABC stock. If the price of ABC stock falls to $50 or below, the buyer is not obligated to exercise
the option. Note that option holders will only exercise their right to act if it is profitable to do so.
The option writer, however, has an obligation to act at the request of the option holder.

A put option on ABC stock is the same as a call option except the buyer of the put (long
position) has the right to sell a share of ABC for $50 at any time during the next five months.
The put writer (short position) has the obligation to buy ABC stock at the exercise price in the
event that the option is exercised.

The owner of the option is the one who decides whether to exercise the option or not. If the
option has value, the buyer may either exercise the option or sell the option to another buyer in
the secondary options market.
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AMERICAN OprTIONS Vs. EUROPEAN OPTIONS

*  American options may be exercised at any time up to and including the contract’s expiration
date.
*  European options can be exercised only on the contract’s expiration date.

@ Professor’s Note: The name of the option does not imply where the option trades.

At expiration, an American option and a European option on the same asset with the same
exercise price are identical. They may either be exercised or allowed to expire. Before expiration,
however, they are different and may have different values, so you must distinguish between the
two.

If two options are identical (maturity, underlying stock, exercise price, etc.) in all ways, except
that one is a European option and the other is an American option, the value of the American
option will equal or exceed the value of the European option. Why? The early exercise feature of
the American option gives it more flexibility, so it should be worth at least as much and possibly
more.

MONEYNESS

Moneyness refers to whether an option is in the money or out of the money. If immediate exercise
of the option would generate a positive payoff it is in the money. If immediate exercise would
result in a loss (negative payoff), it is out of the money. When the current asset price equals the
exercise price, exercise will generate neither a gain nor loss, and the option is az the money.

Professor’s Note: Often when discussing options, the term “payoff “or “expiration
value” refers to the immediate amount of money gained or lost on that date. It does

@ not include the cost of the options paid at an earlier date. The term “profit” or
sometimes “net profit” refers to the overall gain or loss including the original price of
the option.

The following describes a call option’s moneyness, where S = the asset’s price and X = the exercise
price.

*  In-the-money call options. It S — X > 0, a call option is in-the-money. S — X is the amount
of the payoff a call holder would receive from immediate exercise, buying a share for X and
selling it in the market for a greater price S.
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*  Out-of-the-money call options. If S — X < 0, a call option is out of the money.
*  At-the-money call options. If S =X, a call option is said to be at the money.

The following describes a put option’s moneyness.

*  In-the-money put options. If X — S > 0, a put option is in the money. X — § is the amount of
the payoff from immediate exercise, buying a share for § and selling it in the market for a
greater price X.

*  Out-of-the-money put options. When the stock’s price is greater than the exercise price, a put
option is said to be out of the money. If X — S < 0, a put option is out of the money.

»  At-the-money put options. If S =X, a put option is said to be at the money.

Opr110N CLEARING CORPORATION

The Option Clearing Corporation (OCC), sometimes referred to as simply the clearinghouse,
guarantees that buyers and sellers in the options market will honor their obligations. The
clearinghouse does this by splitting each trade once it is made and acting as the opposite side of
each position. Thus, the clearinghouse acts as the buyer to every writer and the writer to every
buyer. By doing this, the clearinghouse allows the buyer to exercise the option without having
to contact the other side of the initial trade. The clearinghouse guarantees performance and
therefore requires option writers to post margin as a means of supporting their obligation.
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OprT1iONS ON OTHER ASSETS

The two types of options we discuss in this section are financial options and futures options.

Financial options include equity options and other options based on stock indexes, Treasury
bonds, interest rates, and currencies. The exercise price for financial options can be in terms of
yield-to-maturity on bonds, an index level, or an exchange rate for foreign currency options.
LIBOR-based interest rate options have payoffs based on the difference between LIBOR at

expiration and the exercise rate in the option.

Index options exist as options on major market indexes. These options are settled in cash,
nothing is delivered, and the payoff is made directly to the option holder’s account. The
payoff on an index call (long) is the amount (if any) by which the index level at expiration
exceeds the index level specified in the option (the exercise price), multiplied by the contract
multiplier. An equal amount will be deducted from the account of the index call option
writer.

Example: Index options

Assume that you own a call option on the S&P 500 Index with an exercise price equal to 950.
The multiplier for this contract is $250. Compute the payoff on this option assuming the
index is 962 at expiration.

Answer:

This is a call, so the expiration date payoff is (962 — 950) x $250 = $3,000.

Foreign currency options, as the name implies, are options on a foreign currency. Investors
holding this option will receive the right to buy or sell an amount of foreign currency based
on a domestic currency amount. For calls, a currency option is going to pay off only if the
actual exchange rate is above a specified exercise rate. For puts, a currency option is going to
pay off only if the actual exchange rate is below a specified exercise rate.

Interest rate options are similar to stock options except that the exercise price is an interest
rate and the underlying asset is a reference rate such as LIBOR. Interest rate options do not
involve a deliverable asset. Instead they are settled in cash, based on a notional amount and
the spread between the exercise rate and the reference rate. Most interest rate options are
European options.

Bond options are most often based on Treasury bonds because they are actively traded. Bond
options can be deliverable or settle in cash. The mechanics of bond options are like those of
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index options but are based on bond prices and a specific face value of the bond. The buyer
of a call option on a bond will gain if interest rates fall and bond prices rise. A put buyer will
gain when rates rise and bond prices fall.

Futures options give the holder the right to buy or sell a specified futures contract on or before a
given date at a given futures price, the exercise price.

*  Call options on futures contracts give the holder the right to enter into the long side of a
futures contract at a given futures price. Assume that you hold a call option on a bond future
at 98 (percent of face), and at expiration the futures price on the bond contract is 99. By
exercising the call, you take on a long position in the futures contract, and the account is
immediately marked to market based on the settlement price. Your account would be credited
with cash in an amount equal to 1% (99 — 98) of the face value of the bonds covered by the
contract. The seller of the exercised call will take on the short position in the futures contract,
and the mark to market value of this position will generate the cash deposited to your
account.

*  Put options on futures contracts give the holder the option to take on a short futures position
at a futures price equal to the exercise price. The writer has the obligation to take on the
opposite (long) position if the option is exercised. Assume that you hold a put option on a
bond future at 99 (percent of face), and at expiration the futures price on the bond contract
is 98. Exercising the put generates a short position in the futures contract, and the account is
immediately marked to market based on the settlement price. Your account would be credited
with cash in an amount equal to 1% (99 — 98) of the face value of the bonds covered by the
contract.

Orti0N VALUE AT EXPIRATION

LO 18.2. Calculate the value of call and put options at expiration.

Option contracts have asymmetric payoffs. The buyer of an option has the right to exercise the
option but is not obligated to exercise. Therefore, the maximum loss for the buyer of an option
contract is the loss of the price (premium) paid to acquire the position, while the potential gains
in some cases are theoretically infinite. Because option contracts are a zero-sum game, the seller
of the option contract could incur substantial losses, but the maximum potential gain is the
amount of the premium received for writing the option.
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To understand the potential returns, we need to introduce the standard symbols used to represent
the relevant factors:

X = exercise price specified in the option contract (a fixed value)

S, = price of the underlying asset at time t
C, = market value of a call option at time t
P = market value of a put option at time t

t = time subscript, which can take any value between 0 and T, where T is the maturity or
expiration date of the option

Call Options

A call option owner is also called the buyer, or the holder of the long position. The buyer benefits,
at the expense of the option seller, if the underlying stock price is greater than the exercise price.
The option seller is also called the writer, or holder of the short position.

At maturity, time 7, if the price of the underlying stock is less than or equal to the exercise price
of a call option (i.e., S; < X), the payoff is zero, so the option owner would not exercise the
option. On the other hand, if the stock price is higher than the exercise price (i.e., S; > X) at
maturity, the payoff of the call option is equal to the difference between the market price and the
exercise price (S — X). The “payoff” (at the option’s maturity) to the call option seller, which will
be at most zero, is the mirror image (opposite sign) of the payoff to the buyer.

Because of the linear relationships between the value of the option and the price of the

underlying asset, simple graphs can clearly illustrate the possible value of option contracts at the
expiration date. Figure 1 illustrates the payoff of a call with an exercise price equal to $50.

@ Professor’s Note: An option payoff graph ignores the initial cost of the option.
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Figure 1: Payoff of Call With Exercise Price Equal to $50

Call Payoff
A
$10F-———————mmmmmm e $10 = $60 - $50
(payoff to call buyer)
payoff = $0

B e —$10 = $60 — $50

(payoff to call seller)
> S
$50 $60
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This example shows just how easy it is to determine option payoffs. At expiration time T (the
option’s maturity), the payoff to the option owner, represented by C, is:

CT=ST—XifST>X

C;=0 ifS; <X
Another popular way of writing this is with the “max(0, variable)” notation. If the variable in this
expression is greater than zero, max(0, variable) = variable; if the variable’s value is less than zero,
max(0, variable) = 0. Thus, letting the variable be the quantity S| — X, we can write:

Cr= max(0, S; - X)
The payoff to the option seller is the negative value of these numbers. In what follows, we will
always talk about payoff in terms of the option owner unless otherwise stated. We should note
that max(0, S, — X), where 0 < t <T; is also the payoff if the owner decides to exercise the call
option early.
Although our focus here is not to calculate C, we should clearly define it as the initial cost of the
call when the investor purchases it at time 0, which is T units of time before T. C is also called
the premium. Thus, we can write that the profit to the owner at t =T is:

profit=C, - C,
This says that at time T, the owner’s profit is the option payoff minus the premium paid at
time 0. Incorporating C into Figure 1 gives us the profit diagram for a call at expiration, and

this is Figure 2.

Figure 2 illustrates an important point, which is that the profit to the owner is negative when the
stock price is less than the exercise price plus the premium. At expiration we can say that:

If S; < X'+ C,, call buyer profit < 0 < call seller profit.
If S = X + C,, call buyer profit = 0 = call seller profit.
If S; > X + C,, call buyer profit > 0 > call seller profit.

The breakeven price is a very descriptive term that we use for X + C, or X + premium.
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Figure 2: Profit Diagram for a Call at Expiration
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Put Options

If you understand the properties of a call, the properties of a put should come to you fairly easily.
Recall that a pur option gives the owner the right to sell a stock to the seller of the put at a specific
price. At expiration, the buyer benefits if the price of the underlying is less than the exercise price

X:

P.=

X=S,  ifS;<X

P.=0

ifX<S;

Combining the above two scenarios yields:

P = max(0, X - S)
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ConNcerT CHECKERS

A call option gives the holder:

A. the right to sell at a specific price.

B. the right to buy at a specific price.

C. an obligation to buy at a certain price.
D. an obligation to sell at a certain price.

Which of the following statements about moneyness is FALSE? When:
A. S—Xis> 0, acall option is in the money.

B. S—X=0, acall option is at the money.

C. §>X, aputoption is in the money.

D. S <X, acall option is out of the money.

Which of the following statements about American and European options is TRUE?

A. There will always be some price difference between American and European options
because of exchange-rate risk.

B. European options allow for exercise on or before the option expiration date.

C. American options only allow for exercise on the expiration date.

D. Prior to expiration, an American option may have a higher value than an equivalent
European option.

Which of the following relations is FALSE?
A S=C-P+X/(1+Rp~
B. P=C-S+X/(1+Rp"
C. C=S-P+X/(1+Rp"
D. X/ +RF)T—P=S—C.

A stock is selling at $40; a 3-month put at $50 is selling for $11; a 3-month call at $50
is selling for $1; and the risk-free rate is 6%. How much, if anything, can be made on an
arbitrage?

A. $0 (no arbitrage).

B. $0.28.
C. $0.58.
D. $2.83.
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6.

10.

The holder of a long straddle most likely will have a net loss if the asset’s price:
A. stays the same.

B. moves up or moves down.

C. moves up or stays the same.

D. moves down or stays the same.

An investor holds a position in an asset. The investor believes that the market price of the
asset will remain at or near its current price of $35 per share for the next quarter. If the
goal is to increase the return on this investment over the next quarter, which one of the
following strategies would be most appropriate?

A. Buying calls with a strike price of $30.

B. Selling calls with a strike price of $40.

C. Buying puts with a strike price of $30.

D. Selling puts with a strike price of $45.

A down-and-in call option is an option that comes into existence only when the
underlying asset price:

A. rises to a set barrier level.

B. falls to a set barrier level.

C. falls to a set average barrier level.

D. rises to a set average barrier level.

A covered call position is:

A. the purchase of a share of stock with a simultaneous sale of a call on that stock.
B. the simultaneous purchase of the call and the underlying asset.

C. the purchase of a share of stock with a simultaneous sale of a put on that stock.
D. the short sale of a stock with a simultaneous sale of a call on that stock.

When an investor purchases a bond with an attached warrant, they have essentially
bought a bond and:

A. boughta call.

B. bought a put.

C. sold a call.
D

. sold a put.
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ANswERS: CONCEPT CHECKERS

10.

A call gives the owner the right to call an asset away (buy it) from the seller.

A put option is out of the money when S > X and in the money when S < X. The other statements
are true.

American and European options both give the holder the right to exercise the option at expiration.
An American option also gives the holder the right of early exercise, so American options will be
worth more than European options when the right to early exercise is valuable, and they will have
equal value when it is not, Value of American Call or Put > Value of European Call or Put.

The put-call parity relationship is S + P = C + X/ (1 + Ry)". All individual securities can be
expressed as rearrangements of this basic relationship

A synthetic stock S = C—P + X/ (1 + Rp)" = $1 - $11 + 50 / (1.06)0.25 = $39.42. Since the stock
is selling for $40, you can short a share of stock for $40 and buy the synthetic for an immediate
arbitrage profit of $0.58.

If the asset’s price is between the put and call breakeven points, the straddle holder will have a net
loss.

Selling the calls will earn income even though the asset’s price does not go up in value. This will
increase the return because selling the 45 puts will not create as much current income as selling 40
calls.

Down-and-in call options are standard options that come into existence only if the asset price falls
to a set barrier price level, which is set below the current stock price.

The covered call: stock plus a short call. The term covered means that the stock covers the inherent
obligation assumed in writing the call. Why would you write a covered call? You feel the stock’s
price will not go up any time soon, and you want to increase your income by collecting some call
option premiums. To add some insurance that the stock won’t get called away, the call writer can
write out-of-the money calls. You should know that this strategy for enhancing one’s income is

not without risk. The call writer is trading the stock’s upside potential for the call premium. The
desirability of writing a covered call to enhance income depends upon the chance that the stock
price will exceed the exercise price at which the trader writes the call.

Warrants are similar to call options in that they provide the investor with the right to buy common
shares at a fixed exercise price within a specified time period. When the investor buys the bond
with warrants, they have essentially bought a straight bond and a call option. The warrants

have value and the firm can reduce the coupon rate paid on the bonds because investors will be
receiving the valuable warrants.
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