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CHAPTER 24

OPTION VALUATION
Answers to Concepts Review and Critical Thinking Questions

1.
Increasing the time to expiration increases the value of an option. The reason is that the option gives the holder the right to buy or sell. The longer the holder has that right, the more time there is for the option to increase (or decrease in the case of a put) in value. For example, imagine an out-of-the-money option that is about to expire. Because the option is essentially worthless, increasing the time to expiration would obviously increase its value.

2.
 An increase in volatility acts to increase both call and put values because the greater volatility increases the possibility of favorable in-the-money payoffs.

3. 
Interest rate increases are good for calls and bad for puts. The reason is that if a call is exercised in the future, we have to pay a fixed amount at that time. The higher the interest rate, the lower the present value of that fixed amount. The reverse is true for puts in that we receive a fixed amount.

4.
If you buy a put option on a stock that you already own you guarantee that you can sell the stock for the exercise price of the put. Thus, you have effectively insured yourself against a stock price decline below this point. This is the protective put strategy.
5.
The intrinsic value of a call is Max[S – E, 0]. The intrinsic value of a put is Max[E – S, 0]. The intrinsic value of an option is the value at expiration.
6.
The time value of both a call option and a put option is the difference between the price of the option and the intrinsic value. For both types of options, as maturity increases, the time value increases since you have a longer time to realize a price increase (decrease). A call option is more sensitive to the maturity of the contract.

7.
Since you have a large number of stock options in the company, you have an incentive to accept the second project, which will increase the overall risk of the company and reduce the value of the firm’s debt. However, accepting the risky project will increase your wealth, as the options are more valuable when the risk of the firm increases.

8.
Rearranging the put-call parity formula, we get: S – PV(E) = C – P. Since we know that the stock price and exercise price are the same, assuming a positive interest rate, the left hand side of the equation must be greater than zero. This implies the price of the call must be higher than the price of the put in this situation.


9.
Rearranging the put-call parity formula, we get: S – PV(E) = C – P. If the call and the put have the same price, we know C – P = 0. This must mean the stock price is equal to the present value of the exercise price, so the put is in-the-money.
10.
A stock can be replicated using a long call (to capture the upside gains), a short put (to reflect the downside losses) and a T-bill (to reflect the time value component – the “wait” factor).

Solutions to Questions and Problems

NOTE: All end of chapter problems were solved using a spreadsheet. Many problems require multiple steps. Due to space and readability constraints, when these intermediate steps are included in this solutions manual, rounding may appear to have occurred. However, the final answer for each problem is found without rounding during any step in the problem.


Basic
1.
With continuous compounding, the FV is:


FV = AOA1,000,000 ( e.08(6) = AOA161,607.44

2.
With continuous compounding, the PV is:


PV = $10,000 ( e–.08(3) = $7,866.28

3.
Using put-call parity and solving for the put price, we get:


$60 + P = $65e–(.026)(.25) + $5.08 


P = $9.66

4.
Using put-call parity and solving for the call price we get:


£53 + £4.89 = £50e–(.036)(.5) + C 


C = £8.78

5.
Using put-call parity and solving for the stock price we get:


S + €2.87 = €70e–(.042)(3/12) + €4.68


S = €71.08

6.
Using put-call parity, we can solve for the risk-free rate as follows:


$65.80 + $2.86 = $65e–R(2/12) + $4.08


$64.58 = $65e–R(2/12) 


0.9935 = e–R(2/12)



ln(0.9935) = ln(e–R(2/12))


–0.0065 = –R(2/12)


Rf = 3.89%

7.
Using put-call parity, we can solve for the risk-free rate as follows:


¥8,312 + ¥480 = ¥8,000e–R(5/12) + ¥930


¥7862 = ¥8,000e–R(5/12) 


0.9828 = e–R(5/12)



ln(0.9828) = ln(e–R(5/12))


–0.0174 = –R(5/12)


Rf = 4.18%

8.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln(AUD40/AUD36) + (.06 + .542/2) ( (3/12)] / (.54 ( 
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) = .5808


d2 = .5808 – (.54 ( 
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) = .3108    


N(d1) = .7193    


N(d2) = .6220


Putting these values into the Black-Scholes model, we find the call price is:


C = AUD40(.7193) – (AUD36e–.06(.25))(.6220) = AUD6.71


Using put-call parity, the put price is:


Put = AUD36e–.06(.25) + 6.71 – 40 = AUD2.18

9.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln($86/$90) + (.04 + .482/2) ( (6/12)] / (.48 ( 
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) = .0947    


d2 = .0947 – (.48 ( 
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) = –.2447    


N(d1) = .5377


N(d2) = .4033


Putting these values into the Black-Scholes model, we find the call price is:


C = $86(.5377) – ($90e–.04(6/12))(.4033) = $10.66


Using put-call parity, the put price is:


Put = $90e–.04(6/12) + 10.66 – 86 = $12.88

10.
The delta of a call option is N(d1), so:


d1 = [ln($87/$85) + (.04 + .562/2) ( .75] / (.56 ( 
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.

) = .3523


N(d1) = .6377


For a call option the delta is .64. For a put option, the delta is:


Put delta = .64 – 1 = –.36 


The delta tells us the change in the price of an option for a $1 change in the price of the underlying asset.

11.
Using the Black-Scholes option pricing model, with a ‘stock’ price is CNY16,000,000 and an exercise price is CNY17,200,000, the price you should receive is:



d1 = [ln($16,000,000/$17,200,000) + (.04 + .202/2) ( (12/12)] / (.20 ( 
[image: image6.wmf]12

/

12

) = –.0616    


d2 = –.0616 – (.20 ( 
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) = –.2616    


N(d1) = .4754


N(d2) = .3968


Putting these values into the Black-Scholes model, we find the call price is:


C = CNY16,000,000(.4754) – (CNY17,200,000e–.04(1))(.3968) = CNY1,049,452.88

12.
Using the call price found in the previous problem and put-call parity, you would need to pay:


Put = CNY17,200,000e–.04(1) + 1,049,452.88 – 16,000,000 = CNY1,575,031.23 


You would have to pay CNY1,575,031.23 in order to guarantee the right to sell the land for CNY17,200,000.

13.
Using the Black-Scholes option pricing model to find the price of the call option, we find:


d1 = [ln($86/$90) + (.05 + .532/2) ( (3/12)] / (.53 ( 
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12

/

3

(

) = .0081


d2 = .0081 – (.53 ( 
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) = –.2569    


N(d1) = .5032    


N(d2) = .3986


Putting these values into the Black-Scholes model, we find the call price is:


C = $86(.5032) – ($90e–.05(.25))(.3986) = $7.85


Using put-call parity, we find the put price is:


Put = $90e–.05(.25) + 7.85 – 86 = $10.73


a. The intrinsic value of each option is:



Call intrinsic value = Max[S – E, 0] = $0



Put intrinsic value = Max[E – S, 0] = $4


b. Option value consists of time value and intrinsic value, so:



Call option value = Intrinsic value + Time value



$7.85 = $0 + TV



TV = $7.85


    Put option value = Intrinsic value + Time value



$10.73 = $4 + TV 



TV = $6.73


c. The time premium (theta) is more important for a call option than a put option; therefore, the time 

            premium is, in general, larger for a call option.

14.
Using put-call parity, the price of the put option is:


MYR404 + P = MYR400e–.05(1/3) + MYR72


P = MYR61.93


Intermediate
15.
If the exercise price is equal to zero, the call price will equal the stock price, which is $95.

16.
If the standard deviation is zero, d1 and d2 go to +(, so N(d1) and N(d2) go to 1. This is the no risk call option formula we discussed in an earlier chapter, so: 


C = S – Ee–rt 


C = €84 – €80e–.04(6/12) = €5.58

17.
If the standard deviation is infinite, d1 goes to positive infinity so N(d1) goes to 1, and d2 goes to negative infinity so N(d2) goes to 0. In this case, the call price is equal to the stock price, which is $35.

18.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of MYR10,700,000 as the stock price, and the face value of debt of MYR10,000,000 as the exercise price, the value of the firm’s equity is:


d1 = [ln(MYR10,700,000/MYR10,000,000) + (.05 + .382/2) ( 1] / (.38 ( 
[image: image10.wmf]1

) = .4996


d2 = .4996 – (.38 ( 
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) = .1196


N(d1) = .6913


N(d2) = .5476


Putting these values into the Black-Scholes model, we find the equity value is:


Equity = MYR10,700,000(.6913) – (MYR10,000,000e–.05(1))(.5476) = MYR2,188,208.75   


The value of the debt is the firm value minus the value of the equity, so:


D = MYR10,700,000 – 2,188,208.75 = MYR8,511,791.25

19.
a.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of MYR10,700,000 as the stock price, and the face value of debt of MYR10,000,000 as the exercise price, the value of the firm if it accepts project A is:



d1 = [ln(MYR11,400,000/MYR10,000,000) + (.05 + .602/2) ( 1] / (.60 ( 
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) = .6017



d2 = .6017 – (.60 ( 
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) = .0017



N(d1) = .7263    



N(d2) = .5007



Putting these values into the Black-Scholes model, we find the equity value is:



EA = MYR11,400,000(.7263) – (MYR10,000,000e–.05(1))(.5007) = MYR3,517,371.25



The value of the debt is the firm value minus the value of the equity, so:



DA = MYR11,400,000 – 3,517,371.25 = MYR7,882,628.75



And the value of the firm if it accepts Project B is:



d1 = [ln(MYR11,700,000/MYR10,000,000) + (.05 + .302/2) ( 1] / (.30 ( 
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) = .8400



d2 = .8400 – (.34 ( 
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) = .5400



N(d1) = .7995    



N(d2) = .7054



Putting these values into the Black-Scholes model, we find the equity value is:



EB = MYR11,700,000(.7995) – (MYR10,000,000e–.05(1))(.7054) = MYR2,644,699.84



The value of the debt is the firm value minus the value of the equity, so:



DB = MYR11,700,000 – 2,644,699.84 = MYR9,055,300.16


b.
Although the NPV of project B is higher, the equity value with project A is higher. While NPV represents the increase in the value of the assets of the firm, in this case, the increase in the value of the firm’s assets resulting from project B is mostly allocated to the debtholders, resulting in a smaller increase in the value of the equity. Stockholders would, therefore, prefer project A even though it has a lower NPV.


c.
Yes. If the same group of investors has equal stakes in the firm as bondholders and stockholders, then total firm value matters and project B should be chosen, since it increases the value of the firm to $11,700,000 instead of $11,400,000.


d.
Stockholders may have an incentive to take on riskier, less profitable projects if the firm is leveraged; the higher the firm’s debt load, all else the same, the greater is this incentive.

20.
We can use the Black-Scholes model to value the equity of a firm. Using the asset value of RUR23,000,000 as the stock price, and the face value of debt of RUR20,000,000 as the exercise price, the value of the firm’s equity is:


d1 = [ln(RUR23,000,000/RUR20,000,000) + (.06 + .532/2) ( 1] / (.53 ( 
[image: image16.wmf]1

) = .6419


d2 = .6419 – (.53 ( 
[image: image17.wmf]1

) = .1119


N(d1) = .7395


N(d2) = .5446


Putting these values into the Black-Scholes model, we find the equity value is:


Equity = RUR23,000,000(.7395) – (RUR20,000,000e–.06(1))(.5446) = RUR6,752,480.10   


The value of the debt is the firm value minus the value of the equity, so:


D = RUR23,000,000 – 6,752,480.10 = RUR16,247,519.90


The return on the company’s debt is:


RUR16,247,519.90 = RUR20,000,000e–R(1) 


.812376 = e–R 


RD = –ln(.812376) = 20.78%

21.
a.
The combined value of equity and debt of the two firms is:



Equity = RUR2,188,208.75 + 6,752,480.10 = RUR8,940,688.85 



Debt = RUR8,511,791.25 + 16,247,519.90 = RUR24,759,311.15


b.
For the new firm, the combined market value of assets is RUR33,700,000, and the combined face value of debt is RUR30,000,000. Using Black-Scholes to find the value of equity for the new firm, we find:



d1 = [ln(RUR33,700,000/RUR30,000,000) + (.05 + .252/2) ( 1] / (.25 ( 
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) = .8302



d2 = .8302 – (.31 ( 
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) = .5802



N(d1) = .7968



N(d2) = .7191



Putting these values into the Black-Scholes model, we find the equity value is:



E = RUR33,700,000(.7968) – (RUR30,000,000e–.05(1))(.7191) = RUR6,534,755.05



The value of the debt is the firm value minus the value of the equity, so:


   
D = RUR33,700,000 – 6,534,755.05 = RUR27,165,244.95

c. 
The change in the value of the firm’s equity is:



Equity value change = RUR6,534,755.05 – 8,940,688.85 = –RUR2,405,933.80 



The change in the value of the firm’s debt is:



Debt = RUR27,165,244.95 – 24,759,311.15= RUR2,405,933.80


d.
In a purely financial merger, when the standard deviation of the assets declines, the value of the 



equity declines as well. The shareholders will lose exactly the amount the bondholders gain. The bondholders gain as a result of the coinsurance effect. That is, it is less likely that the new company will default on the debt.

22.
a.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($22,000,000/$30,000,000) + (.06 + .392/2) ( 8] / (.39 ( 
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) = .7055



d2 = .7055 – (.39 ( 
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) = –.3976



N(d1) = .7598    



N(d2) = .3455



Putting these values into Back-Scholes:



E = $22,000,000(.7598) – ($30,000,000e–.06(8))(.3455) = $10,301,424.19


b.
The value of the debt is the firm value minus the value of the equity, so:



D = $22,000,000 – 10,301,424.19 = $11,698,575.81




c.
Using the equation for the PV of a continuously compounded lump sum, we get:



$11,698,575.81 = $30,000,000e–R(10) 



.38995 = e–R10 



RD = –(1/8)ln(.38995) = 11.77%


d.
Using Black-Scholes model to value the equity, we get:



d1 = [ln($22,750,000/$30,000,000) + (.06 + .392/2) ( 8] / (.39 ( 
[image: image22.wmf]8

) = .7359



d2 = .7359 – (.39 ( 
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) = –.3672



N(d1) = .7691   



N(d2) = .3567



Putting these values into Back-Scholes:



E = $22,750,000(.7691) – ($30,000,000e–.06(8))(.3567) = $10,874,779.43


e.
The value of the debt is the firm value minus the value of the equity, so:



D = $22,750,000 – 10,874,779.43 = $11,875,220.57



Using the equation for the PV of a continuously compounded lump sum, we get:



$11,875,220.57 = $30,000,000e–R(10) 



.39584 = e–R10 



RD = –(1/8)ln(.39584) = 11.58%



When the firm accepts the new project, part of the NPV accrues to bondholders. This increases the present value of the bond, thus reducing the return on the bond. Additionally, the new project makes the firm safer in the sense it increases the value of assets, thus increasing the probability the call will end in-the-money and the bondholders will receive their payment.


Challenge


    23.
a.
Using the equation for the PV of a continuously compounded lump sum, we get:



PV = £30,000 ( e–.05(2) = £27,145.12  


b.
Using Black-Scholes model to value the equity, we get:



d1 = [ln(£13,000/£30,000) + (.05 + .702/2) ( 2] / (.70 ( 
[image: image24.wmf]2

) = –.2487



d2 = –.2487 – (.70 ( 
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) = –1.2387



N(d1) = .4018



N(d2) = .1077



Putting these values into Back-Scholes:



E = £13,000(.4018) – (£30,000e–.05(2))(.1077) = £2,298.80



And using put-call parity, the price of the put option is:



Put = £30,000e–.05(10) + 2,298.80– 13,000 = £16,443.92




c.
The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = £27,145.12 – 16,443.92 = £10,701.20



Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



£10,701.20 = £30,000e–R(2) 



.356707 = e–R2 



RD = –(1/2)ln(.356707) = 51.54%


d.
The value of the debt with five years to maturity at the risk-free rate is:



PV = £30,000 ( e–.05(5) = £23,364.02



Using Black-Scholes model to value the equity, we get:



d1 = [ln(£13,000/£30,000) + (.05 + .702/2) ( 5] / (.70 ( 
[image: image26.wmf]5

) = .4081



d2 = .4081 – (.70 ( 
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) = –1.1572



N(d1) = .6594    



N(d2) = .1236



Putting these values into Back-Scholes:



E = £13,000(.6584) – (£30,000e–.05(2))(.1236) = £5,671.26



And using put-call parity, the price of the put option is:



Put = £30,000e–.05(10) + £5,671.26 – £13,000 = £16,035.29



The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = £23,364.02 – 16,035.29 = £7,328.74



Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



Return on debt: £7,328.74= £30,000e–R(5)  



.244291 = e–R5 



RD = –(1/5)ln(.244291) = 28.19%



The value of the debt declines because of the time value of money, i.e., it will be longer until shareholders receive their payment. However, the required return on the debt declines. Under the current situation, it is not likely the company will have the assets to pay off bondholders. Under the new plan where the company operates for five more years, the probability of increasing the value of assets to meet or exceed the face value of debt is higher than if the company only operates for two more years. 

    24.
a.
Using the equation for the PV of a continuously compounded lump sum, we get:



PV = SAR6,000,000 ( e–.06(5) = SAR4,444,909.32


b.
Using Black-Scholes model to value the equity, we get:



d1 = [ln(SAR5,600,000/SAR6,000,000) + (.06 + .502/2) ( 5] / (.50 ( 
[image: image28.wmf]5

) = .7656



d2 = .7656 – (.50 ( 
[image: image29.wmf]5

) = –.3524



N(d1) = .7781    



N(d2) = .3623



Putting these values into Back-Scholes:



E = SAR5,600,000(.7781) – (SAR6,000,000e–.06(5))(.3623) = SAR2,746,843.08



And using put-call parity, the price of the put option is:



Put = SAR6,000,000e–.06(5) + 2,746,843.08 – 5,600,000 = SAR1,591,752.40




c.
The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = SAR4,444,909.32 – 1,591,752.40 = SAR2,853,156.92



Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



Return on debt: SAR2,853,156.92 = SAR6,000,000e–R(5) 



.475526 = e–R(5) 



RD = –(1/5)ln(.475526) = 14.87%


d.
Using the equation for the PV of a continuously compounded lump sum, we get:



= SAR6,000,000 ( e–.06(5) = SAR4,444,909.32



Using Black-Scholes model to value the equity, we get:



d1 = [ln(SAR5,600,000/SAR6,000,000) + (.06 + .602/2) ( 5] / (.60 ( 
[image: image30.wmf]5

) = .8430



d2 = .8430 – (.50 ( 
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) = –.4986



N(d1) = .8004



N(d2) = .3090



Putting these values into Black-Scholes:



E = SAR5,600,000(.8004) – (SAR6,000,000e–.06(5))(.3090) = SAR3,108,611.54



And using put-call parity, the price of the put option is:



Put = SAR6,000,000e–.06(5) + 3,108,611.54 – 5,600,000 = SAR1,953,520.87



The value of a risky bond is the value of a risk-free bond minus the value of a put option on the firm’s equity, so:



Value of risky bond = SAR4,444,909.32 – 1,953,520.87 = SAR2,491,388.46



Using the equation for the PV of a continuously compounded lump sum to find the return on debt, we get:



Return on debt: SAR2,491,388.46 = SAR6,000,000e–R(5) 



.415231 = e–R(5) 



RD = –(1/5)ln(.41853) = 17.58%



The value of the debt declines. Since the standard deviation of the company’s assets increases, the value of the put option on the face value of the bond increases, which decreases the bond’s current value. 


e.
From c and d, bondholders lose: SAR2,491,388.46 – 2,853,156.92 = –SAR361,768.46



From c and d, stockholders gain: SAR3,108,611.54 – 2,746,843.08 = SAR361,768.46 



This is an agency problem for bondholders. Management, acting to increase shareholder wealth in this manner, will reduce bondholder wealth by the exact amount by which shareholder wealth is increased. 

  25.
a.
Going back to the chapter on dividends, the price of the stock will decline by the amount of the dividend (less any tax effects). Therefore, we would expect the price of the stock to drop when a dividend is paid, reducing the upside potential of the call by the amount of the dividend. The price of a call option will decrease when the dividend yield increases. 


b.
Using the Black-Scholes model with dividends, we get:



d1 = [ln($84/$80) + (.05 – .04 + .502/2) ( .5] / (.50 ( 
[image: image32.wmf]5

.

) = .3289



d2 = .3289 – (.50 ( 
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.

) = –.0246



N(d1) = .6289    



N(d2) = .4902



C = $84e–(.04)(.5)(.6289) – ($80e–.05(.5))(.4902) = $13.54
26. a.
Going back to the chapter on dividends, the price of the stock will decline by the amount of the dividend (less any tax effects). Therefore, we would expect the price of the stock to drop when a dividend is paid. The price of put option will increase when the dividend yield increases.  


b.
Using put-call parity to find the price of the put option, we get:



$84e–.04(.5) + P = $80e–.05(.5) + 13.54



P = $9.22



27.
N(d1) is the probability that “z” is less than or equal to N(d1), so 1 – N(d1) is the probability that “z” is greater than N(d1). Because of the symmetry of the normal distribution, this is the same thing as the probability that “z” is less than N(–d1). So:


N(d1) – 1 = N(–d1).


28.
From put-call parity: 



P
= E × e-Rt + C – S 


Substituting the Black-Scholes call option formula for C and using the result in the previous question produces the put option formula:


P
= E × e-Rt + C – S


P
= E × e-Rt + S ×N(d1) – E × e-Rt ×N(d2) – S

P
= S ×(N(d1) – 1) + E × e-Rt ×(1 – N(d2))


P
= E × e-Rt ×N(–d2) – S × N(–d1)

29.
Based on Black-Scholes, the call option is worth $50! The reason is that present value of the exercise price is zero, so the second term disappears. Also, d1 is infinite, so N(d1) is equal to one. The problem is that the call option is European with an infinite expiration, so why would you pay anything for it since you can never exercise it? The paradox can be resolved by examining the price of the stock. Remember that the call option formula only applies to a non-dividend paying stock. If the stock will never pay a dividend, it (and a call option to buy it at any price) must be worthless.

30.
The delta of the call option is N(d1) and the delta of the put option is N(d1) – 1. Since you are selling a put option, the delta of the portfolio is N(d1) – [N(d1) – 1]. This leaves the overall delta of your position as 1. This position will change dollar for dollar in value with the underlying asset. This position replicates the dollar “action” on the underlying asset.  
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