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OPTION VALUATION PART 2

What is an option worth?
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Readings (revised!)

Ã Readings

ÄBKM 21. The main readings are sections 21.1 through 
21.5, with the following exceptions. Skip:

ÂDividends and call option valuation (pp. 735-736) 

ÂDividends and put option valuation (p. 737) 

ÂHedging bets on mispriced options (pp. 743-747) 

ÂSection 21.6 

Ã Problems

ÄAll concept checks

ÄProblem sets 2, 5, 6, 8, 9, 21, 24, 26
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Topics

Ã The components of call option values

Ã The determinants of call option values (intuition)

Ã Restrictions on call option values

Ã Early exercise of American calls and puts

Ã Pricing (valuing) options

ÄThe binomial model

ÄThe Black-Scholesformula

Ã Implied volatility

Ã Dynamic hedging

3

The components of option value

Ã C is the premium, the market price of the call with 
exercise price X, and time to expiration T.

Ã The intrinsic value is the payoff to immediate exercise (or 
zero, whichever is larger)

Ä Intrinsic value = Max(0, S ςX)

Â S is the price of the underlying (stock).

Ã The time value of the call is C ςIntrinsic value

ÄThe time value of the call depends on the time value 
of money (the interest), but it also depends on other 
things.
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The determinants of option value, C

Ã The stock price S: ƛŦ {ҧ ǘƘŜƴ/ҧ

Ã Exercise price, X: ƛŦ ·ҧǘƘŜƴ /Ҩ

Ã Time to maturity, T: ƛŦ ¢ҧthen Cҧ

Ã Volatility, s : if sҧthen Cҧ

Ã The risk-ŦǊŜŜ ƛƴǘŜǊŜǎǘ ǊŀǘŜ ǊΥ ƛŦ Ǌҧthen Cҧ
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Restrictions on option values

Ã Example: C ²max(SςX,0)

Ä If C < max(SςX,0) we could make an immediate profit 
by buying the call and exercising it.

Ã Why study restrictions on option values?

ÄWhy not skip right to precise valuation formulas?

ÄValuation formulas are based on models that are only 
approximately correct.

Ã wŜǎǘǊƛŎǘƛƻƴǎ ŘƻƴΩǘ ŘŜǇŜƴŘ ƻƴ ƳƻŘŜƭΦ
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Restrictions on call prices

Ã C ²0 (C cannot be negative)

Ã C ¢S (C cannot exceed the stock value)

ÄHow large can S ςX be?

Ã CƻǊ ŀ ǎǘƻŎƪ ǘƘŀǘ ŘƻŜǎƴΩǘ Ǉŀȅ ŘƛǾƛŘŜƴŘǎ

ÄC ²S ςPV(X)

ÄWhy? Compare C and S ςPV(X)
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Why C  ²S ςPV(X)? Compare C  vs. S ςPV(X)

Ã Call: at expiration C = max(STҍ·Σлύ

Ã ²Ƙŀǘ ƛǎ ά{ ςt±ό·ύέΚ

ÄA levered position in the stock 

ÄάōǳȅƛƴƎ ǘƘŜ ǎǘƻŎƪ ƻƴ ƳŀǊƎƛƴέ

Ä To set this up:
ÂBuy the stock

ÂBorrow PV(X) = X/(1+r)T

ÄAt maturity T
ÂThe stock is worth ST
Â²ŜΩƭƭ ǊŜǇŀȅ ·

ÂNet: ST ҍ ·

Ã This is no better than (and is sometimes worse than) the call.
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Early exercise of an American Call

Ã LŦ ǿŜ ŜȄŜǊŎƛǎŜ ǘƘŜ Ŏŀƭƭ ǿŜ ƎŜǘ { ҍ ·Φ

Ã If we hold the call unexercised we have C ²S ςPV(X)
Ã Since PV(X) < X
Ä{ ҍ t±ό·ύҔ { ҍ ·
ÄValue of C unexercised > Value of C exercised
Ä It is not a good idea to exercise an American call early.
Ä¢ƘŜ ŜŀǊƭȅ ŜȄŜǊŎƛǎŜ ŦŜŀǘǳǊŜ ƻŦ ŀƴ !ƳŜǊƛŎŀƴ Ŏŀƭƭ ƛǎƴΩǘ ǿƻǊǘƘ 

anything.
ÄA European call option has the same value as an American 

call option.

Ã bƻǘŜΥ ǘƘƛǎ ƛǎ ƻƴƭȅ ǘǊǳŜ ŦƻǊ ǎǘƻŎƪǎ ǘƘŀǘ ŘƻƴΩǘ Ǉŀȅ ŘƛǾƛŘŜƴŘǎ 
before expiration.
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The value of a put option

Ã LƴǘǊƛƴǎƛŎ ǾŀƭǳŜ ƻŦ ŀ Ǉǳǘ Ґ ƳŀȄό· ҍ {Σ лύ

Ã We might want to exercise an American put early.

Ã Example

ÄSuppose X=$50 and S=$1

ÄLŦ ǿŜ ŜȄŜǊŎƛǎŜ ƛƳƳŜŘƛŀǘŜƭȅΣ ǿŜ ƎŜǘ рл ҍ м Ґ ϷпфΣ ǿƘƛŎƘ 
can be invested to earn interest

Ä If we wait, the only possible benefit is that the stock 
might go lower.

Â.ǳǘ ŀǘ Ƴƻǎǘ ǿŜΩƭƭ ƎŜǘ Ϸрл

11

American vs. European puts
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The binomial model of call valuation

Ã It is (at first) too simple to be useful.

ÄBut it can be extended to give the Black-Scholes
formula of option valuation (which is very useful).

Ã It tells us what a call is worth.

Ã The calculation involves setting up a hedge portfolio.

ÄThis not just a mathematical trick or device.

Ä It is a powerful and practical principle for trading and 
managing option portfolios.
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The steps

Ã Assume two possible outcomes for ST (the stock price at 
maturity)

Ã Compute what the call is worth in each outcome

Ã Build a hedge portfolio

ÄA hedge portfolio is composed of the call and the stock

Ä It is hedged (risk-free): it gives the same payoff for each 
outcome of ST

Ã It can be valued as a bond.

Ã Knowing the value of the bond, we can get the value of the 
call
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The two outcomes for ST

Ã Suppose the stock price today (time zero) is S0.

Ã At expiration, the stock price will either be up by a factor 
of u or down by a factor of d.

ÄAssume u and d are known today.

Ã 9ȄŀƳǇƭŜΥ ǳҐмΦо όάǳǇ ōȅ ол҈ύΣ ŘҐлΦр όάŘƻǿƴ ōȅ рл҈ύΣ 
S0=100.
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S0=100
uS0=130

dS0 = 50

C is a call option with X = 110
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What is it worth today?

C0 = ?
Cu = 20

Cd = 0

S0=100
uS0=130

dS0 = 50
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The Hedge Portfolio

Ã The hedge portfoliois short one call and long Hshares of 
stock. 

ÄH (the hedge ratio) is chosen so that the payoff is constant. 
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HS0ςC0

HuS0 ςCu

HdS0 ςCd

0 0 0

0 0

If HuS  then 

20 0 20
Here 0.25 shares ("25 shares for each 100-sh call")

130 50 80

u d
u

C C
C HdS C H

uS dS

H

-
- = - =

-

-
= = =

-

Check!
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HS0ςC0

HuS0 ςCu

HdS0 ςCd

Verify that these two 
quantities are equal



10

LŘŜƴǘƛŦȅƛƴƎ ǘƘŜ άōƻƴŘέ ŀƴŘ ǾŀƭǳƛƴƎ ǘƘŜ Ŏŀƭƭ

Ã ²ŜΩǾŜ ŎǊŜŀǘŜŘ ŀ ά ōƻƴŘέ ǿƛǘƘ ŀ ǇŀǊ ǾŀƭǳŜ ƻŦ мнΦр

Ã Its value today is the PV of 12.5

Ã Suppose that r=10% and T=1 year: PV = 12.5/1.10 = 11.36

Ã If two things have the same value in the future, they must be 
worth the same today

Ä 11.36 = 25 ςC0ĄC0 = 25 ς11.36 = 13.64
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25ςC0

12.5 

12.5

The hedge portfolio: a portfolio theory view
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Er

s

ǒCall option

ǒ Stock

ǒ Hedge portolio: 
long stock, short the call.

(Returns on stock and 
call have perfect 
positive correlation.)

rf




