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9.1
 Properties ofStock Option Prices
 Chapter 9

Page 2
                        

9.2
 Notation• c : European call
 option price• p : European put
 option price
 • S0 : Stock price today
 • X : Strike price• T : Life of option • : Volatility of stock
 price
 • C : American Call option price
 • P : American Put option price
 • ST :Stock price at option maturity
 • D : Present value of dividends during option’s life
 • r : Risk-free rate for maturity T with cont comp
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9.3Effect of Variables on Option Pricing (Table 9.1)
 c p C PVariable
 S0
 XTrD
 + + –+
 ? ? + ++ + + ++ – + –
 –– – +
 – + – +
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9.4
 American vs European Options
 An American option is worth at least as much as the corresponding European option
 C cP p
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9.5
 American Option
 • Can be exercised early
 • Therefore, price is greater than or equal to intrinsic value
 • Call: IV = max{0, S - X}, where S is current stock price
 • Put: IV = max{0, X - S}

Page 6
                        

9.6Calls: An Arbitrage Opportunity?
 • Suppose that
 c = 3 S0 = 20 T = 1 r = 10% X = 18 D = 0
 • Is there an arbitrage opportunity?
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9.7
 Calls: An Arbitrage Opportunity?
 • Suppose that C = 1.5 S = 20 T = 1 r = 10% X = 18 D = 0
 • Is there an arbitrage opportunity? Yes. Buy call for 1.5. Exercise and buy stock for $18. Sell stock in market for $20. Pocket a $.5 per share profit without taking any risk.
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9.8
 Lower Bound on American Options without Dividends
 • C > max{0, S – X}
 • So C > max{0, 20 – 18} = $2
 • P > max{0, X – S}
 • So P > max{0, 18 – 20} = max{0, -2} = 0
 • Suppose X = 22 and S =20
 • Then P > max{0, 22 – 20} > $2
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9.9
 Upper Bound on American Call Options
 • Which would you rather have one share of stock or a call option on one share?
 • Stock is always more valuable than a call
 • Upper bound call: C < S
 • All together: max{0, S – X} < C < S
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9.10
 Upper Bound on American Put Options
 • The American put has maximum value if S drops to zero.
 • At S = 0: max{0, X – 0} = X
 • Upper bound: P < X
 • All together: max{0, X – S} < P < X
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9.11
 Lower Bound for European Call Option Prices
 (No Dividends )• European call cannot be exercised until
 maturity. Lower bound:
 c > max{0, S -Xe –rT }• Suppose c < max{0, S -Xe –rT }• Arbitrage Strategy:
 (1) buy call, (2) short stock, (3) invest Xe –rT at r.
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9.12
 Lower Bound for European Call Option Prices
 • Cost of position is c – S + Xe –rT < 0 by assumption
 • Two cases at maturity: • ST < X:
 Value of portfolio = 0 – ST + X > 0• ST > X:
 Value of portfolio = (ST - X) – ST + X = 0• So you have an arbitrage opportunity: time zero
 cash flow is positive and time T cash flow is zero or positive.
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9.13
 Lower Bound for European Put Option Prices
 • p >max{0, Xe –rT - S}
 • Notice that the lower bound for put is the present value of (X – ST) ,
 • and lower bound for call is the the present value of (ST
 -X)
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9.14
 Upper Bounds on European Calls and Puts
 • Call: c < S (the same as American)
 • Put: p < Xe –rT

Page 15
                        

9.15
 Summary
 • American option lower bound is the intrinsic value.
 • American call upper bound is stock price. • American put upper bound is exercise price• Bounds for European option the same except
 Xe –rT substituted for X• Arbitrage opportunity available is price
 outside bounds
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9.16
 One Complication
 • Because max{0, S - Xe –rT } > max{0, S - X} for S > S - Xe –rT
 • and because C = c for nondividend paying stock
 • the lower bound on European call is also the lower bound on an American
 • So a better lower bound on an American Call is max{0, S - Xe –rT }
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9.17Puts: An Arbitrage Opportunity?
 • Suppose that
 p = 1 S0 = 37 T = 0.5 r =5%
 X = 40 D = 0
 • Is there an arbitrage opportunity?
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9.18Put-Call Parity; European Option with No Dividends
 (Equation 9.3)• Consider the following 2 portfolios:
 – Portfolio A: European call on a stock + PV of the strike price in cash
 – Portfolio B: European put on the stock + the stock
 • Both are worth max(ST , X ) at the maturity of the options
 • They must therefore be worth the same today– This means that
 c + Xe -rT = p + S0
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9.19
 Put-Call ParityAnother Way
 • Consider the following 2 portfolios:
 Portfolio A: Buy stock and borrow Xe –rT
 Portfolio B: Buy call and sell put
 • Both are worth ST – X at maturity
 • Cost of A = S -Xe –rT
 • Cost of B = C – P• Law of one price:
 C – P = S -Xe –rT
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9.20
 Arbitrage Opportunities• Suppose that
 c = 3 S0 = 31
 T = 0.25 r = 10%
 X =30 D = 0
 • What are the arbitrage possibilities when (1) p = 2.25 ?
 (2) p = 1 ?
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9.21
 Example 1
 • C – P = 3 –2.25 = .75
 • S – PV(X) = 31 – 30exp{-.1x.25} = 1.74
 • C – P < S – PV(X)
 • Buy call and sell put
 • Short stock and Invest PV(X) @ 10%
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9.22
 Example 1
 • T = 0: CF = 1.74 - .75 = .99 > 0• T = .25 and ST < 30: CF
 – Short Put = -(30 – ST) and Long Call = 0– Short = - ST and Bond = 30– CF = 0
 • T = .25 and ST > 30: CF– Short Put = 0 and Long Call = (ST – 30)– Short = -ST and Bond = 30– CF = 0

Page 23
                        

9.23
 Early Exercise
 • Usually there is some chance that an American option will be exercised early
 • An exception is an American call on a non-dividend paying stock
 • This should never be exercised early
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9.24
 • For an American call option:
 S0 = 100; T = 0.25; X = 60; D = 0Should you exercise immediately?
 • What should you do if 1 You want to hold the stock for the next 3
 months? 2 You do not feel that the stock is worth holding
 for the next 3 months?
 An Extreme Situation
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9.25Reasons For Not Exercising a
 Call Early(No Dividends )
 • No income is sacrificed
 • We delay paying the strike price
 • Holding the call provides insurance against stock price falling below strike price
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9.26
 Should Puts Be Exercised Early ?
 Are there any advantages to exercising an American put when
 S0 = 0; T = 0.25; r=10%
 X = 100; D = 0
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9.27
 The Impact of Dividends on Lower Bounds to Option Prices• Call: c > max{0, S – D - Xe –rT }
 • Put: p > max{D + Xe –rT – S}
 rTXeDSc
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