OPTION VALUATION PART 2

Readings (revised!)

4 Readings
BKM 21. The main readings are sections 21.1 througl}
21.5, with the following exceptions. Skip:
A Dividends and call option valuation (pp. 7336)
A Dividends and put option valuation (p. 737)

A Hedging bets on mispriced options (pp. 7A487)
A Section 21.6

i Problems
All concept checks
Problem set2, 5, 6, 8, 9, 21, 24, 26




Topics

Restrictions on call option values
Early exercise of American calls and puts
Pricing (valuing) options
The binomial model
The BlackScholesormula
Implied volatility
Dynamic hedging

The components of option value

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

Theintrinsic valuas the payoff to immediate exercise (or
zero, whichever is larger)
Intrinsic value = Max(0,&X)
S is the price of the underlying (stock).
Thetime valueof the call is € Intrinsic value

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




The determinants of option value, C
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Restrictions on option values

Example: € max($X,0)
If C< max(§X,0) we could make an immediate profit
by buying the call and exercising it.

Why study restrictions on option values?
Why not skip right to precise valuation formulas?
Valuation formulas are based on models that are only
approximately correct.
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Restrictions on call prices

C2 0 (Ccannot be negative)
C¢ S (CGannot exceed the stock value)
How large can & X be?
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% C2 SCPV(X)= § —X
Why? Compare C andcPV(X)

Why C2 S¢ PV(X)? Compare C vg BV(X)

Call: at expiration C = may§S- < n 0
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A levered position in the stock «s Qq”
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To set this up:
Buy the stock
Borrow PV(X) = X/(1¥r)
At maturity T
The stock is worth;S
2SQft NBLI &
Net: $§b
This is no better than (and is sometimes worse than) the call




Option Value

Value of Call Option
S,= PV(X)

<— Value of option
if now at
expiration = 5-X=
Intrinsic value

Time Value

PV(X) 1 X

Out of the In the Money
Money

FIGURE 21.1 Call option value before expiration

Early exercise of an American Call

LT ¢S SESNDOA&AS (KS OLtf ¢S
If we hold the call unexercised we havé 6¢ PV(X)
Since PV(X) < X
{ b bzxpH: b
Value of C unexercised > Value of C exercised
It is not a good idea to exercise an American call early.
¢KS SINIée SESNOA&AS TSI (dzNB
anything.
A European call option has the same value as an America
call option.
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before expiration.




The value of a put option
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A We might want to exercise an American put early.
A Example
Suppose X=$50 and S=$1
LT ¢S SESNDAAS AYYSRAIFGS
can be invested to earn interest

If we wait, the only possible benefit is that the stock
might go lower.
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American vs. European puts
N

A. American Put Value B. European Put Value

Put Value
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FIGURE 21.4 Put option values as a function of the current stock price




The binomial model of call valuation

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

But it can be extended to give the Blaskholes
formula of option valuation (which is very useful).

It tells us what a call is worth.
The calculation involves setting uhadge portfolio
This not just a mathematical trick or device.

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

The steps

Assume two possible outcomes far(ghe stock price at
maturity)

Compute what the call is worth in each outcome
Build a hedge portfolio
A hedge portfolio is composed of the call and the stock

It is hedged (riskree): it gives the same payoff for each
outcome of $

It can be valued as a bond.

Knowing the value of the bond, we can get the value of the
call




The two outcomes forS

Suppose the stock price today (time zero),is S

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

Assume u and d are known today.
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$=100.
=130
$=100 < =
ds,=50

C is a call option with X = 110

=130
S=100 < "2

dS§,=50
Whatis it worth today?
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The Hedge Portfolio

Thehedge portfolias short one call and lorig shares of
stock.

H (the hedge ratio) is chosen so that thayoff is constant.
HuS ¢
H$ ¢ G, < s
Hd3C G
If HUS- C, =HdS -¢ then H= G- G

ug- dg
20- 0 - 20 $.25 shares ("25 shares for each-50 call"
130- 50 80

HereH=

Check! 'g(

HSC G, < HU%C ! Verify that these two
HdSc G, guantities are equal

A
< LRSS X /30 TR = 33.5-20=/25
LR Xx50—~-0 = /éfsz.s—




12.5
25¢ G, <

12.5
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Its value today is the PV of 12.5
Suppose that r=10% and T=1 year: PV = 12.5/1.10 = 11.36

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

11.36 =2 G A G =25¢11.36 =13.64

Thehedge portfolio:a portfolio theory view

Er

Call option
o= +1

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

Hedgeportolio:
long stock, short the call.
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