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ST = Asset price
at option
expiration.

X = Exercise
price of the
option.

T = Time of
option
expiration.

C0 = Price of call
option.(Option
premium

The learning
outcomes
statements for
this reading have
been broken
down and
reorganized to
make the content
easier to
understand.

LOS 70f(i):
Compute and
interpret option
payoffs (call
options). Vol 6,
pg 98-100

LOS 70a: Define European option, American option, and the concept of
moneyness of an option. Vol 6, pg 82-86

A European option is one that can only be exercised at the option’s expiration date.
An American option can be exercised at any point in time up to, and including the option’s
expiration date.

For most of this reading, we will be working with European options i.e., options that can
only be exercised at their expiration dates.

Call Options

A call option gives the holder/buyer the right to buy (or call) the underlying asset, for the
given exercise price at the expiration date of the option.

A call option writer/seller has the obligation to sell the asset to the holder of the call option,
for the given exercise price, should the option holder choose to exercise the option.

Let’s work with an example to illustrate how call options work. Assume that Rahul has
bought a call option on CSC stock from Betty for $2. The call option grants Rahul the right
to purchase a share of CSC for $20 from Betty 6 months from today.

The $2 that Rahul pays Betty for the option is known as the option premium. The price at
which the two parties can trade the underlying asset ($20) at the expiration of the option
(6 months from today) is known as the strike or exercise price.

We will work with two scenarios for CSC stock price at option expiration to illustrate the
payoffs for Rahul (the call option holder) and Betty (the call option writer):

Scenario A: CSC stock price equals $35.
Scenario B: CSC stock price equals $15.

Scenario A: CSC’s price at option expiration = $35

At option expiration, Rahul has to choose whether he should exercise his option to buy CSC
stock from Betty at the exercise price, or let the option expire without exercising it. Is it
profitable for him to purchase a share of CSC from Betty for $20 (the exercise price of the
option) when the market price is $35? Of course it is! Rahul can exercise the option, purchase
a share of CSC from Betty for $20, sell it in the market for $35, and realize a payoff equal
to $15 ($35 - $20) on the option. His profit on the entire trade equals his payoff adjusted for
the cost of the option.

      ¶ Payoff for call option holder = Asset price at option expiration - Exercise price
         = ST  - X = $35 - $20 = $15

      ¶ Profit (loss) for call option holder = Payoff - Call option premium
                  = (ST  - X) - C0

                   = $15 - $2 = $13
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Betty, as the writer or seller of the option is obligated to perform on the terms of the option.
If Rahul (the option holder) chooses to exercise the option, Betty would have to deliver an
asset worth $35 in the market to Rahul in exchange for a payment of only $20 (the exercise
price). Betty’s payoff in this scenario is negative (-$15).  Her profit (loss) on the entire trade
equals the payoff adjusted for the income from selling the option.

      ¶ Payoff for call option writer = - (Asset price at option expiration - Exercise price)
        = - (ST  - X) = - ($20 - $35) = ($15)

      ¶ Profit (loss) for call option writer = Payoff + Option premium
                    = - (ST  - X) + C0 = ($15) + $2 = ($13)

Remember that Rahul has not taken on any commitments by getting into the option contract.
At the expiration date, he can choose to exercise his option, or to let it expire without
exercising it. Betty however, is obligated to perform on the terms of the option if Rahul
chooses to exercise the option. Also notice the following important points:

      ¶ Any positive payoff for the call option holder means that a negative payoff of equal
magnitude is borne by the call writer.

      ¶ Any profit for the call holder means that a loss of equal magnitude is borne by the 
call writer.

Scenario B: CSC’s price at option expiration = $15

In this scenario, the market price of CSC at option expiration is less than the exercise price
of the option. Rahul can purchase CSC stock cheaper from the market ($15) than from Betty
($20). Therefore, Rahul will not exercise the call option, and receive no payoff from the
option at expiration.

      ¶ Payoff for call option holder = 0

      ¶ Profit (loss) for call option holder = Payoff - Call option premium = $0 - $2 = ($2)

Because Rahul does not exercise the option, Betty also has zero payoffs from the option.

      ¶ Payoff for call option writer = 0

      ¶ Profit (loss) for call option writer = Payoff + Option premium = $0 + $2 = $2
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Table 2 lists the payoffs to the call option holder and the call option writer under various
scenarios.
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If the market price is
greater than the
exercise price, the
call option holder
will exercise the
option. The payoff to
the option writer is
the opposite of the
payoff to the option
holder.

Exercising the call
option when the
market price is less
than the exercise
price will  result in a
negative payoff for
the call option holder.
Therefore, he
chooses not to
exercise the option

Table 1 below summarizes call option holder and writer payoffs.

CSC Market
Price at Option
Expiration (St)

$
5
10
15
20
25
30
35
40

Exercise
Price of

Option (X)
$

20
20
20
20
20
20
20
20

Call Option Holder’s
Payoff

[(Max (0, ST – X)]
$
0
0
0
0
5

10
15
20

Call Option Writer’s
Payoff

-[(Max (0, ST – X)]
$
0
0
0
0
-5

-10
-15
-20

Table 2: Call Option Payoffs

Table 1: Call Option Payoffs
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St = Market price
of underlying
asset at any point
in time (t) prior
to option
expiration (T)

Moneyness refers to whether an option is in-the-money or out-of-the-money.

      ¶ An option is in-the-money when immediate exercise of the option will generate 
a positive payoff for the holder.

      ¶ An option is out-of-the-money when immediate exercise will generate a negative 
payoff for the holder.

      ¶ An option is at-the-money when immediate exercise will result in neither a positive
nor a negative payoff for the holder.

The intrinsic value of an option is the amount an option is in-the-money by. It is the amount
that would be received by the option holder if he were to exercise the option immediately.
An option has zero intrinsic value if it is at, or out-of-the money. Therefore, the expression
for the intrinsic value of a call option is given as:

LOS 70g(i):
Define intrinsic
value. Vol 6, pg
99

Table 3: Moneyness and Intrinsic Value of a Call Option

Moneyness

In-the-money
At-the-money

Out-of-the-money

Current Market Price (St) versus
Exercise Price (X)

St is greater than X
St equals X

St is less than X

Intrinsic Value
Max [0, (St – X)]

St – X
0
0

Intrinsic value of call = Max [0, (St - X)]

Table 3 summarizes moneyness and intrinsic value of call options under different scenarios:

Mapping the call option holder’s and writer’s payoffs on to a graph (Figure 1) results in the
following payoff diagrams:

Figure 1: Call Option Payoff Diagrams
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Put Options

A put option gives the holder/buyer the right to sell (or put) the underlying asset, for the
given exercise price, at the option’s expiration date.

A put option writer/seller has the obligation to buy the asset from the put option holder
at the option’s expiration date, for the given exercise price, should the holder choose to
exercise the option.

Let’s assume that Chang has purchased a put option from Sarah for $5. The put option grants
Chang the right to sell a share of PSP stock for $50 (the exercise price) to Sarah, 12 months
from today (option expiration) . We shall go through two scenarios to illustrate the payoffs
and profits from the put option position to the holder and the writer.

Scenario A: PSP stock price equals $30.
Scenario B: PSP stock price equals $85.

Scenario A: PSP’s price at option expiration date = $30

The market price ($30) is less than the price that Chang can sell PSP stock to Sarah for by
exercising the option ($50) . Will Chang exercise the option?

Yes, he will. Chang will be able to sell a stock worth only $30 in the market to Sarah for
$50. He will receive a positive payoff of $20 on the transaction, and his profit on the option
position will be $15 (payoff adjusted for the cost of the put option).

      ¶ Payoff for put option holder = Exercise price - Asset price  at option expiration
           = X - ST  = $50 - $30 = $20

      ¶ Profit (loss) for put option holder = Payoff - Option premium
                      = (X - ST) - P0 = $20 - $5 = $15

The fact that Chang will exercise his option means that Sarah will be obligated to buy PSP
stock from him for $50 (the option’s exercise price) when the market price is only $30. Sarah
will incur a negative payoff of $20, and a loss on the option position of $15.

      ¶ Payoff for put option writer = - (Exercise price - Asset price  at option expiration)
           = - (X - ST ) = - ($50 - $30) = ($20)

      ¶ Profit (loss) for put option writer = Payoff + Option premium
                =  - (X - ST ) + P0 = ($20) + $5 = ($15)

LOS 70f(i):
Compute and
interpret option
payoffs (put
options). Vol 6,
pg 98-100
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Table 4: Put Option Payoffs

Scenario B: PSP’s price at option expiration date =$85

Chang must decide whether to sell a share of PSP to Sarah for $50 (by exercising the option)
when the market price is $85. If Chang wants to sell the share, he would rather sell it in the
market for $85 than to Sarah for only $50. Being the option holder, Chang will choose not
to exercise the option. His payoff from the option will be zero, and his loss on the option
position will equal $5.

      ¶ Payoff for put option holder = 0

      ¶ Profit (loss) for put option holder = Payoff - Option premium = $0 - $5 = ($5)

Because Chang chooses not to exercise the option, Sarah’s payoff also equals zero, and she
makes a profit equal to the premium she collected when she wrote (sold) the option.

      ¶ Payoff for put option writer = 0

      ¶ Profit (loss) for put option writer = Payoff + Option premium = $0 + $5 = $5

Remember that Chang has not taken on any commitment by purchasing the put option. At
the expiration date, he can choose to exercise his option or to let it expire without exercising
it. Sarah however, is obligated to perform on the terms of the option if Chang chooses to
exercise it. Also notice that:
      ¶ Any positive payoff for the put option holder means that a negative payoff of equal

magnitude is borne by the put writer.
      ¶ Any profit for the put holder means that a loss of equal magnitude is borne by the 

put writer.

Table 4 provides a summary of put option holder and writer payoffs:
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We have already defined intrinsic value and moneyness. Table 6 summarizes the intrinsic
value and moneyness of a put option in different scenarios.

Figure 2: Put Option Payoffs
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than the exercise
price, the put
option holder
does not exercise
the option.

Mapping the put option holder’s and writer’s payoffs onto a graph (Figure 2) results in the
following payoff diagrams:

The intrinsic value of a put option equals Max [0, (X - St)]. Table 5 lists the payoffs to the
put option holder and the put option writer under various scenarios:

PSP Market Price at
Option

Expiration (St)
$

10
20
30
40
50
60
70
80

Exercise Price
of Option

(X)
$

50
50
50
50
50
50
50
50

Put Option Holder’s
Payoff

[(Max (0, X - ST )]
$

40
30
20
10
0
0
0
0

Put Option Writer’s
Payoff

- [(Max (0, X - ST)]
$

-40
-30
-20
-10
0
0
0
0

Table 5: Put Option Payoffs
When the market
price is less than
the exercise
price, the put
option holder
exercises the
option.

Table 6: Moneyness and Intrinsic Value of a Put Option
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LOS 70g: Define intrinsic value and time value, and explain their relationship.
Vol 6, pg 99-100

The value of an option is composed of intrinsic value and time value.

We have already defined intrinsic value for call and put options. At any point in time before
expiration, an option is worth at least as much as its intrinsic value. There is also an element
of speculative value in the option to account for the possibility that the underlying asset’s
price could move favorably and result in a payoff greater than the current intrinsic value. We
illustrate this point with an example of a call option that is out-of-the money.

Suppose we have a European call option on a share of BAC with an exercise price of $80
and 6 months to expiration. BAC stock is currently priced at $50. Even though this option
is out-of-the-money (call options are out-of-the-money when the underlying asset price is
less than the exercise price) and has zero intrinsic value, will we be able to buy the option
for free (zero price) in the market?

Not a chance! There is always a possibility that BAC stock will rise in the 6 months remaining
till option expiration, and result in a positive payoff for the call option holder. The greater
the time to expiration, the higher the probability that BAC stock will rise above the option’s
exercise price and generate a positive payoff for the option holder. Therefore, a longer time
remaining till option expiration increases the time value and hence, the total value of an
option. Of course, there is also the possibility that BAC stock price will fall, and take the
option deeper out-of-the money. However, a call option holder is not too concerned with this
possibility because the intrinsic value of the option is already zero. Call option holders do
not participate in the downside of the stock; they only participate in the upside. This one-
sided feature of option payoffs makes them worth more than their intrinsic value as long as
there is time remaining till option expiration. At expiration, the option is only worth its
intrinsic value as its time value falls to zero.

A greater time to expiration usually results in a higher value for a put option as well. In the
case of a put option holder whose option is currently out-of-the money, a greater time to
expiration increases the chances of the stock price falling below the exercise price to generate
a positive payoff for the put holder. At option expiration, the put will only be worth its intrinsic
value as there is no time value in the option.

Even if an option is in-the-money, option holders will usually prefer a greater time to
expiration. The longer time to expiration gives the option a higher probability of moving
further in-the-money and of moving out-of-the money as well. Crucially however, the
limitation of losses to the option premium means that the disadvantage of the longer term
(possibility of the option moving out-of-the money) is outweighed by the advantage of the
longer term (possibility of the option moving further in-the-money).

Option premium = Intrinsic value + Time value
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Current price of
call = C0

Current price of
bond =   X
          (1+RF)T

Current price of
put = P0

Current price of
stock = S0

Intrinsic value of a
call option =

Max [0, (St – X)]

Intrinsic value of a
put option =

Max [0, (X - St)]

LOS 70j(i): Explain how option prices are affected by the exercise price. Vol
6, pg 107-109.

For call options, the higher the exercise price, the lower the intrinsic value of the option.
Therefore, call option values and exercise prices are negatively related. Given two call options
on the same underlying asset and with the same expiration date, we would pay more for an
option with an exercise price of $10, than for one with an exercise price of $20 because the
former has a higher intrinsic value and a better chance of expiring in-the-money. To put it
simply, you would pay more for the option to buy for less.

For put options, the higher the exercise price, the higher the intrinsic value. Therefore, put
options values and exercise prices are positively related. Given two put options on the same
underlying asset and with the same expiration date, we would pay more for a put option with
an exercise price of $80 than for one with an exercise price of $60 because the former has
a better chance of expiring in-the-money. To put it simply, you would pay more for the option
to sell for more.

LOS 70k: Explain put–call parity for European options, and relate put-call
parity to arbitrage and the construction of synthetic options. Vol 6, pg 110-115

Suppose we have two portfolios- Portfolio A and Portfolio B.

Portfolio A is composed of a call option on a stock and a zero-coupon riskless bond that pays
X at maturity (its face value equals X). This portfolio is also known as a fiduciary call.

Portfolio B is composed of a put option on a stock and a share of the same stock. This
portfolio is also known as a protective put.

Further:
      ¶ The call and put option, and the zero-coupon bond have the same time to 

maturity/expiration (T).
      ¶ The exercise price of the call and the put, and the face value of the zero-coupon bond

are the same (X).
      ¶ The call and the put are options on the same underlying asset as the one held in 

Portfolio B (S).
      ¶ The call and put can only be exercised at expiration i.e., they are European options.

At option expiration, there are two possible scenarios: the stock price (ST) can be greater
than exercise price (X) or it can be less than the exercise price.
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At any point in the time, the value of a portfolio composed of a call option and the zero-
coupon bond (a fiduciary call), must be the same as the value of a portfolio consisting of a
put option and the underlying asset (protective put).

Put-Call Parity

  C0 +   X      =   P0 + S0

       (1 + RF)T

If we know the values for three of the securities in the put-call parity equation, we can
determine the the value of the fourth security using the equation above.

Notice that in both scenarios, the payoffs on the fiduciary call and the protective put are
identical. Two portfolios that have exactly the same payoff at maturity should have the same
value/cost today. If the values of the two portfolios are not identical, arbitrage profits can
be made by purchasing the relatively cheaper portfolio and selling the overpriced one.

Security
Call option

Zero coupon bond
Fiduciary call payoff

Put option
Stock

Protective put payoff

Value if ST > X
ST  - X

X
ST

Zero
ST

ST

Value if ST < X
Zero

X
X

X - ST

ST

X

Table 7: Fiduciary Call and Protective Put Payoffs

Let’s determine the value of each of these 4 securities at option expiration under both scenarios.

If the stock price is greater than the exercise price:
      ¶ The call option is exercised for a payoff of ST - X.
      ¶ The zero coupon bond is worth X (i.e. its face value).

      ¶ The put option is not exercised because it is out-of-the money so it is worth zero.
      ¶ The share of stock is worth ST  (i.e. its value at option expiration date).

If the stock price is less than the exercise price:
      ¶ The call option is not exercised because it is out-of-the-money.
      ¶ The zero coupon bond is worth X.

      ¶ The put option is exercised for a payoff equal to X - ST.

      ¶ The share of stock is worth ST.

Table 7 summarizes the value of the two portfolios in both scenarios.



Put-call parity can also be used to generate synthetic options and securities. For example, a
synthetic call option can be created by purchasing a put and the underlying stock, and selling
the zero-coupon bond. Of course, each of the four conditions that we stated for put-call parity
must hold . Table 8 lists the combinations of different securities that can be used to create
synthetic securities.

Example 1: Using Put-Call Parity to Determine the Value of a Security

Suppose that the current stock price is $100 and the risk-free rate is 10%. A 6-month call
option on the stock with an exercise price of $98 is priced at $12. Calculate the price of a
6-month put option on the stock with an exercise price of $98.

Solution

Put-call parity states that:

 C0 +      X       =   P0 + S0

         (1 + RF)T

Rearranging the above equation, the value of a put equals:

P0 = C0 - S0 +    X
                      (1 + RF)T

P0 = $12 - $100 +   98       = $5.44
   (1.10)0.5

A 6-month, $98-put must be worth $5.44.
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Strategy

fiduciary
call

long
call

long
put

long
underlying

asset

long
bond

Consisting of

long call +
long bond

long
call

long
put

long
underlying

asset

long
 bond

Equals

=

=

=

=

=

Strategy

Protective
put

Synthetic
call

Synthetic put

Synthetic
underlying

asset

Synthetic
bond

Consisting of

long put + long
underlying asset

long put + long
underlying asset

+ short bond

long call + short
underlying asset

+ long bond

long call
+ long bond
+ short put

long put + long
underlying asset

+ short call

Value

P0 + S0

P0 + S0

- X/(1+RF)T

C0 - S0

+X/(1+RF)T

C0

+ X/(1+RF)T

- P0

P0 + S0

- C0

Table 8: Combining Portfolios to Make Synthetic Securities

Value

C0  +    X
               (1 + RF)T

C0

P0

S0

X
 (1 + RF)T
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LOS 70h: Determine the minimum and maximum values of European options
and American options. Vol 6, pg 102-103

In illustrating the boundary conditions for European and American call and put options, we
will use the following expressions:

St = Price of the underlying stock at time, t.
X = Exercise price of option.
T = Time to expiration of option.
ECt = Price of a European call option at any time prior to expiration.
ACt = Price of an American call option at any time prior to expiration.
EPt = Price of a European put option at any time prior to expiration.
APt = Price of an American put option at any time prior to expiration.
RFR = Risk-free rate.

Minimum Value Of Call and Put Options

The minimum value of any option is zero. An option cannot sell for less than its intrinsic
value, and no option can have a negative value because in that case the writer would have
to pay the buyer.

Therefore, all American and European put and call options have a minimum value of zero.

Maximum Value of Call Options

Both American and European call options cannot possibly take on a value greater than the
value of the underlying asset. It would not make sense to pay more for the right to buy the
underlying asset than the value of the underlying asset itself.

Therefore, American and European call options have a maximum value equal to the price
of the underlying asset (St).

Maximum Value of Put Options

The best outcome for the holder of a put option is for the underlying asset’s value to fall to
zero, because it would result in a payoff equal to the exercise price (X). In the case of the
European put, the holder would have to wait till expiration to exercise the option, so the
maximum value she would pay for a European put option today would be the present value
of its exercise price, X/ (1 + RFR) T.

As the American put option can be exercised immediately, the maximum price that anyone
would be willing to pay for it will be its exercise price, X. Table 9 lists the option value limits
that we have just discussed.

Option

European call
American call
European put
American put

Minimum Value

ECt  0
ACt  0
EPt   0
APt   0

Maximum Value

ECt    St

ACt    St

EPt     X/ (1 + RFR)T

APt     X

Table 9: Option Value Limits
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Lower Bounds for American Options

American options can be exercised at any time prior to, or at expiration. The minimum value
that any American option can take must be its intrinsic value because a payoff equal to the
intrinsic value can be realized immediately by exercising it. If the American option were
selling for less than its intrinsic value, whoever purchases it can immediately realize a payoff
equal to its intrinsic value by exercising it, and earn a risk-free arbitrage profit. Therefore,
American call and put options must be worth at least as much as their intrinsic values.

Minimum value of an American call option = Max [0, (St - X)]

Minimum value of an American put option = Max [0, (X - St)]

Lower Bound for European Call Options

Using put-call parity and the minimum value of a European put option, we can derive the
lower bound for a European call option.

From put-call parity we know that:

LOS 70i: Calculate and interpret the lowest prices of European and American
calls and puts based on the rules for minimum values and lower bounds.Vol
6, pg 103-107

Now we will try to refine the range of values that European and American option prices can
lie in.

EPt = ECt  +
        X          - St                     (1+ RFR)T

And from Table 9, we know that any European put option cannot be worth less than zero:

EPt  0

Therefore, the portfolio, ECt  +      X       - St must also be greater than or equal to zero in
value.                        (1+ RFR)T

ECt +     X         - St  0
        (1+ RFR)T

and by rearranging the above inequality we are left with:  ECt    St  -     X
                                                                                                               (1+ RFR)T

Combining this result with the minimum value of the European call that we determined
earlier (Figure 9), we are able to define the lower bound for a European call option as:

 ECt   Max  0, St -      X
                              (1+ RFR)T
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ECt = EPt -      X        + St

                  (1+ RFR)T

And from Table 9, we know that any European call can never be worth less than zero:

 ECt   0

Therefore, the portfolio, EPt  -        X         + St must also be at least worth zero.    
                   (1+ RFR)T

EPt  -     X         + St   0
        (1+ RFR)T

By rearranging the above inequality we are left with:  EPt       X        - St

                                              (1+ RFR)T

Combining this result with the minimum value of the European put from Table 9, we are
able to define the minimum value of a European put as:

From put-call parity we know that:

Lower bound of European Put Options

Using put-call parity and the minimum value of a European call option we can derive the
lower bound for a European put option.

EPt    Max   0,      X       - St

                         (1+ RFR)T

Notice that the minimum value of the American call option that we have determined (its
intrinsic value, Max [0, (St - X)]) is actually mathematically lower than the minimum value
of the European call option, Max [0, St - X/ (1+ RFR)T]. An American call option offers
more flexibility, and theoretically should not trade for less than a European option with
identical characteristics. Because the American call option must be worth at least as much
as a European call, we revise its minimum value upwards to the same level as the European
call.

The minimum value of the European put is lower than that of the American put, so we do
not need to make a similar upward adjustment to the minimum value of the American put.
When it is in-the-money, the American put option can be exercised immediately for a
payoff of X - St. Table 10 lists the refined lower and upper bounds for options.
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LOS 70l: Contrast American options with European options in terms of the
lower bounds on option prices and the possibility of early exercise. Vol 6, pg
116.

Up till now, we have assumed that the underlying asset does not give out any interim cash
flows. For example, when working with options on stocks, we assumed that the stocks did
not make any dividend payments. With this assumption in place, there was never a reason
to exercise an American call option before expiration. Recall that option holders usually
prefer a longer time to expiration because of the asymmetric nature of option payoffs.

Early exercise of an American call option may be warranted when the underlying asset makes
payments during the life of the option. When a stock pays a dividend, its value falls by the
amount of the dividend on the ex-dividend date. If the ex-dividend date is very close to the
option expiration date, and the dividend is so significant that it reduces the price of the stock
below the exercise price (and takes the call option out-of-the-money), early exercise of the
American call option would be warranted.

It would be beneficial to exercise an American put prior to expiration when a company is
in, or nearing bankruptcy, and its stock price is close to zero. In such a situation, it is better
for the put option holder to exercise the option immediately and realize a payoff equal to the
exercise price (intrinsic value = X - 0 = X) as opposed to waiting for expiration to receive
the same payoff. Because of the potential benefit when the possibility of bankruptcy exists,
an American put is almost always worth more than a European put.

LOS 70m: Explain how cash flows on the underlying asset affect put-call
parity and the lower bounds of option prices. Vol 6, pg 117.

Cash flows from the underlying asset effectively reduce the cost of the asset for the investor.
In the purchase of a stock, an investor might pay St for the stock, but can partially finance
her purchase with a loan equal to the present value of expected dividends (PVCF). The cash
flows (dividend payments) will finance loan repayment obligations, and the investor will be
able to reduce the cost of her purchase to (St - PVCF). Therefore, for assets with positive cash
flows over the term of the option, we substitute the new lower cost (St - PVCF) for St in parity
relations and lower bounds.

For the exam, know
the price limits in
Table 10. You will
not be asked to
derive them, but you
may be expected to
use them to calculate
the minimun and
maximum values of
options.

Table 10: Lower and Upper Bounds for Options
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LOS 70n: Indicate the directional effect of an interest rate change or volatility
change on an option’s price. Vol 6, pg 117-118

Interest Rate Changes and Option Prices

When interest rates decrease, call option prices decrease, and put option prices increase.
Some simple math helps us arrive at this conclusion.

From put-call parity, we know that:

EC0 = St + EP0 - X/(1+RFR)T   and that EP0 = EC0 - St + X/ (1+RFR)T

A decrease in interest rates (RFR) will increase the value of ‘X/ (1+RFR)T’. This will decrease
the value of the call and increase the value of the put. However, remember that this rule may
not apply to interest rate options or to options on bonds or T-bills, where the change in interest
rates directly affects the value of the underlying. We will learn more about options on bonds
and T-bills later in this reading.

The lower bound for European options at time, t, can be expressed as:

 ECt  Max   0, (St - PVCF) -     X          ; and EPt   Max   0,     X         - (St - PVCF )
                                             (1+ RFR)T                                                       (1+ RFR)T

The put-call parity relation can be adjusted to account for asset’s cash flows in the same
manner:

 ECt +      X         = (St -  PVCF ) + EPt

           (1+ RFR)T

LOS 70j(ii): Explain how option prices are affected by time to expiration. Vol
6, pg 109-110

A longer time to expiration usually increases an option’s value. For options that are deep
out-of-the money, a longer time period may not make much of a difference, but it is safe to
say that a long-term option will not be less valuable than a short-term one.

The only option that does not always follow this rule is the European put. Recall that the
minimum value of a European put at any time prior to expiration equals X/(1 + RFR)T - St.

While a longer time to expiration increases the value of the option because the option has
a greater probability of expiring in-the-money or deeper in-the-money, it mathematically
decreases the value of the ‘X/ (1 + RFR)T’ component of the expression for the European
put’s minimum value. Therefore, we cannot positively state that the value of a European put
with a longer time to expiration will be greater than that of a European put with a shorter
time to expiration.

If the volatility of underlying asset’s price is high and the discount rate low, the extra time
factor will dominate and the longer term put will be more valuable. However, if volatility
of the underlying asset’s price is low and the discount rate high, the longer term put may be
of less value than the short term put.
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LOS 70c: Identify the types of options in terms of the underlying instruments.
Vol 6, pg 91-97

Financial Options

Stock options: Options on individual stocks are also called equity options. We used equity
options on CSC and PSP to describe call and put option payoffs earlier in this reading.

Index options: These settle in cash. A holder of a call option on an index benefits when the
index level at option expiration lies above the exercise ‘price’ or index level. An index put
option holder benefits if the index ends up at a level lower than the exercise price at option
expiration. A contract multiplier is used to determine payoffs on index options.

Example 2: Index Options

An investor holds a call option on the S&P 500 Index with an exercise price of 1,280. The
multiplier for this option is 500. Compute the payoff on this option if the S&P 500 Index
lies at 1,295 at option expiration.

Solution

The value of the index has risen above the exercise price, so the investor will exercise the
option and receive a payoff equal to $7,500. [(1295-1280) x $500]

Volatility and Option Prices

Greater volatility in the price of the underlying asset increases the value of both calls and
puts. Higher volatility increases possible upside values and possible downside values for the
underlying asset. An increase in the upside helps calls and does not hurt puts. An increase
in the downside does not hurt calls and helps puts. Option payoffs are one-sided and their
intrinsic value cannot be lower than zero so the increased volatility results in greater upside
potential for both calls and puts.

LOS 70b: Differentiate between exchange-traded options and over-the-counter
options. Vol 6, pg 86-90

Over-the-Counter (OTC) options trade mainly on currencies, swaps and equities. The
primary participants in OTC markets are institutional investors. Similar to forward markets,
OTC option markets are unregulated and are run by dealers who offer to take long and short
positions in various options. There are no guarantees that a counterparty will perform on its
obligations so there is an element of default risk, which participants must evaluate.

Exchange-Traded options trade on exchanges where the exchange fixes all the terms of the
instruments except the price. Most exchange-listed options have short-term expirations,
which are usually the current month, the next month and perhaps one or two other months.
Some exchanges also issue long-term equity anticipatory securities (LEAPS), which are
actively purchased by long term investors, but not traded as often as short-term options.
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Recall from the
reading on futures
markets that a one
tick movement in a
Eurodollar Futures
contract is worth $25.
Therefore, a change
of 25 ticks is worth
$625

Bond Options: These primarily trade in over-the-counter markets, and almost always have
government bonds as the underlying asset. Bond options can be deliverable or cash-settled.
A call option holder on a government bond benefits when interest rates fall and the price of
the underlying asset (bond) rises. The holder of a put option on bonds benefits when interest
rates rise and bond prices fall. A bond option must expire before the underlying bond matures.

Currency Options: To understand how currency options work, it is essential to view the
exchange rate as the price of the currency in the denominator of the quote. For example, a
quote of 97 yen/$ represents the price of the dollar in terms of yen. If we purchase a call
option on the dollar with an exercise price of 100 yen/$, we would be in-the-money when
the exchange rate rises above 100 yen/$. This would be equivalent to a rise in price of the
dollar, an appreciation of the dollar, and a depreciation of the yen. Further, a call option on
the dollar can also be viewed as a put option on the yen.

Options on Futures: A call option on a futures contract grants the holder of the option the
right to enter the long position of the specified futures contract, at a prespecified futures
price (exercise price). The writer of the call option has the obligation to take the short side
of the futures contract should the option holder decide to exercise her option. For example,
assume that Roger purchases a call option on a Eurodollar futures contract with an exercise
price of $96.75, and at expiration of the option, the same Eurodollar futures contract is trading
for $97. Roger will exercise his option and enter into the long position on the futures contract
at $96.75. The exchange will mark-to-market his account immediately with a positive balance
of $625, and reduce the balance in the option writer’s account by the same amount. Options
on futures must expire before the expiration of the underlying futures contract.

A put option on a futures contract gives the holder the right to enter the short side of a futures
contract at the fixed futures price (exercise price). The writer of the put option has the
obligation to enter into the long position of the futures contract if the option holder exercises
her option. Commodity Options are options on futures in which the underlying are commodities
such as oil, gold and wheat.

Real Options: These are associated with the flexibility inherent in capital budgeting. In
corporate finance, real options analysis applies put and call option valuation techniques to
capital investment decisions. A real option grants the holder the right to undertake a business
decision; typically the right to make or abandon a capital investment. For example, the
opportunity to invest in the expansion of a factory or alternatively, to sell the factory, are real
options that should be considered in evaluating a project’s NPV.

LOS 70d: Compare and contrast interest rate options with forward rate
agreements (FRAs). Vol 6, pg 92-94

Interest Rate Options

Interest rate options are options in which the exercise ‘price’ is an exercise rate and the
underlying is a reference rate such as LIBOR. There is no deliverable asset in interest rate
options; instead they settle in cash. We can think about an interest rate option as an option
to enter a hypothetical loan agreement. A call option holder has the right to take a loan at
the exercise rate upon expiration of the option. The term of the hypothetical loan starts upon
expiration of the option, and lasts for the term of LIBOR being used. The payoff at expiration
of an interest rate option equals the interest savings on the hypothetical loan.



At option expiration, if 90-day LIBOR were 4%, Harry would not exercise his call option
and his payoff would equal zero.

Bond options and interest rate options behave differently when interest rates change. Bond
options are a play on bond prices. When interest rates fall, bond prices rise and a holder of
a call option on bonds benefits. Interest rate options offer investors a play on interest rates.
If interest rates fall, the holder of a call option on interest rates (the option to take a hypothetical
loan at the relatively high exercise rate) does not benefit.

A put option on interest rates grants the holder the right to give out a hypothetical loan at
the exercise rate, upon option expiration, for a specified period. The holder of a put option
on interest rates benefits when interest rates fall below the exercise rate as the option allows
her to give out the loan (invest her funds) at a higher rate than the prevailing market rate at
option expiration.
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LOS 70f(ii):
Explain how
interest rate
option
payoffs differ
from the
payoffs of other
types of options.
Vol 6, pg 92-94

Let’s work through an example. Suppose Harry buys a call option on interest rates with
LIBOR-90 as the underlying. The option expires in 30 days, has an exercise rate of 5% and
a notional principal of $1 million. After 30 days, (at expiration of the call option) 90-day
LIBOR is 6%. What is Harry’s payoff on the option and when does he receive the payoff?

By purchasing this call option, Harry has acquired the right to take a hypothetical loan of
$1 million for 90 days at 5%. The term of this hypothetical loan will start upon expiration
of the call option (30 days after purchase of the option). At the expiration of the option,
LIBOR-90 is greater than the exercise rate. Harry, who has the option of taking the 90-day
loan at 5%, benefits because now a 90-day loan can only be taken at 6%. Harry’s payoff
from the option equals the interest savings on the hypothetical loan and is calculated as:

The payoff of an interest rate call

 = Max (0, Underlying rate at expiration - Exercise rate) (Days in underlying Rate) ³ NP
        360

 where:  NP = Notional principal

Payoff to Harry = (0.06 – 0.05) ³ (90/360) ³ $1,000,000 = $2,500

As interest payments are made at the end of any short term loan, the interest savings from
an interest rate option will be realized at the end of the term of the hypothetical loan. Therefore,
the writer of the call option would make a payment of $2,500 to Harry 90 days after expiration
of the option (or 120 days after the option was purchased). The fact that settlement payments
are made a certain period after option expiration differentiates interest rate options from other
options. Another feature that makes interest rate options different from other types of options
is that the underlying is not a particular financial instrument.

The payoff to the holder of a put option on interest rates

= Max (0, Exercise rate – Underlying rate at expiration) (Days in underlying rate) ³NP
                                                         360

where:
NP = Notional principal
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Figure 3: Long FRA Payoff

90-day LIBOR (%)

4

3

2

1

0

-1

-2

-3

-4

1                 2                 3                4                 5                 6                7                 8                 9

Call holder’s
payoff

Put writer’s
payoff

Long FRA payoff

Now that we have gone over the payoffs on call and put options on interest rates, and we
know that the payoffs of option writers are the opposite of those of option holders, let’s try
to answer the following question:

What combination of a call and a put position on 90-day LIBOR offers the same payoffs as
a long position in an FRA on 90-day LIBOR at 5%. The FRA and the options expire in 30
days. The payoffs on the FRA, and to holders and writers of call and put options on interest
rates are given in Table 11.

Table 11: FRA and Option Payoffs in Annualized Percentages

LIBOR-90

FRA Rate,
Options’

Exercise Price Long FRA Call Holder Put Holder Call Writer Put Writer

PAYOFF
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LOS 70e: Define interest rate caps, floors, and collars. Vol 6, pg 94-95

An issuer of a floating-rate loan faces the risk that interest rates may rise and make it more
difficult to service floating-rate debt. In order to hedge against the risk of an increase in
interest rates, an issuer can purchase an interest rate cap. An interest rate cap is composed
of several caplets, and protects issuers of floating-rate loans from rising interest rates. Let’s
illustrate how a cap works through an example.

Notice that the payoff of a long position in an FRA can be replicated by purchasing an interest
rate call option and writing an interest rate put option (Figure 3). The following conditions
must hold for the payoffs to match.

      ¶ The exercise rate of the call and the put option must equal the FRA rate. (5% in this
example.

      ¶ The underlying on the put, call and FRA must be the same. (LIBOR-90 in this 
example)

      ¶ The FRA and the options must expire at the same point in time. In our example, the
derivative securities expired 30 days after the initial potision was taken.

To replicate a short position in an FRA, an investor must purchase an interest rate put option
and write a call option on interest rates (Figure 4)

An important point worth remembering is that the settlement of the FRA occurs at the FRA
expiration date, and the payoff equals the present value of the interest savings. On the other
hand, the settlement payment for a interest rate option occurs at the end of the term of the
hypothetical loan; not at expiration of the option. Hence, there is no reason to discount the
interest savings when calculating the payoffs on interest rate options.

Figure 4: Short FRA Payoff
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In the absence of any hedging instrument, the issuer will make interest payments based on
market LIBOR at the beginning of the settlement period. If it wishes to limit the maximum
effective annual interest rate to 7% the issuer needs an inflow when interest rates exceed 7%
to offset the escalating outflows when interest rates rise. For example, if market interest rates
were to rise to 8.5%, the issuer would require an inflow of 1.5% to effectively cap its interest
expense at 7%, and if interest rates were to rise to 10% it would require an inflow of 3%.
When interest rates are lower than 7%, the issuer does not require the hedging security to
bring in any inflows.

Therefore, the issuer needs to purchase interest rate call options. More specifically, it needs
three interest rate call options with an exercise rate of 7%. One interest rate call option
(caplet) should expire on each of the reset dates (Caplet-1 should expire on April 1, Caplet-
2 on July 1, and Caplet-3 on October 1). The combination of the three caplets is known as
an interest rate cap. Table 12 shows the payoffs at each reset date on the cap, on the floating-
rate bond, and on the bond combined with the cap. Notice that the issuer’s effective annual
interest (net interest payment) rate never exceeds 7%.

Now make sure that the following definition of an interest rate cap makes sense:

An interest rate cap is a series of interest rate call options that have expiration dates that
correspond to the reset dates on a floating-rate loan. A cap effectively places an upper limit
on interest payments on the loan. Each of the caplets has an exercise rate equal to the desired
cap rate. Issuers effectively purchase the cap, while bondholders write the cap.

Reset
Date Payoff Payoff Payoff Payoff Payment

I

Table 12: Cap Payoffs

It is January 1 today and there is one year remaining on a quarterly-reset, floating-rate bond.
LIBOR-90 is currently 5% and the issuer is worried about interest rates rising above 7%
during the remaining term of the bond. How can the issuer effectively limit its interest
payments to 7% on an annualized basis, irrespective of how high interest rates actually climb
over the year? There are three reset dates remaining, and LIBOR-90 at each of the reset dates
is given below:

April-1
July-1
October-1

LIBOR-90
6%
8%
9%
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Similarly, an interest rate floor is a series of interest rate put options that have expiration
dates that correspond to the reset dates on a floating-rate loan. A floor effectively places a
lower limit on interest payments on the loan. Each of the floorlets has an exercise rate that
equals the desired floor rate. Interest rate floors offer protection to floating-rate bond holders
against a decrease in interest rates. Bondholders effectively purchase the floor, while issuers
write the floor.

An interest rate collar (Figure 5) combines a cap and a floor. An issuer buys a cap (protection
from high interest rates) and sells a floor, while a bondholder buys the floor (protection from
low interest rates) and sells the cap. An issuer can set the exercise rates on the cap and floor
such that the price received for writing the floor is identical to the price paid for the cap. This
would eliminate the upfront cost of buying interest rate call options, and result in a zero-cost
collar for the issuer.

Figure 5: Interest Rate Collar From The Issuer’s Perspective
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The exercise price
of the floorlets is
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The exercise price
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to the desired cap
rate.
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