CHAPTER 10

RISK AND RETURN: THE CAPITAL ASSET PRICING MODEL (CAPM)
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.
The portfolio weight of an asset is total investment in that asset divided by the total portfolio value. First, we will find the portfolio value, which is:


Total value = 70($40) + 110($22) = $5,220


The portfolio weight for each stock is:


WeightA = 70($40)/$5,220 = .5364 


WeightB = 110($22)/$5,220 = .4636

3.
The expected return of a portfolio is the sum of the weight of each asset times the expected return of each asset. So, the expected return of the portfolio is:


E(Rp) = .50(.11) + .30(.17) + .20(.14) = .1340 or 13.40%

9.
a.
To find the expected return of the portfolio, we need to find the return of the portfolio in each state of the economy. This portfolio is a special case since all three assets have the same weight. To find the expected return in an equally weighted portfolio, we can sum the returns of each asset and divide by the number of assets, so the expected return of the portfolio in each state of the economy is:



Boom: 
E(Rp) = (.07 + .15 + .33)/3 = .1833 or 18.33%



Bust: 
E(Rp) = (.13 + .03 (.06)/3 = .0333 or 3.33%



To find the expected return of the portfolio, we multiply the return in each state of the economy by the probability of that state occurring, and then sum. Doing this, we find:




E(Rp) = .70(.1833) + .30(.0333) = .1383 or 13.83%


b.
This portfolio does not have an equal weight in each asset. We still need to find the return of the portfolio in each state of the economy. To do this, we will multiply the return of each asset by its portfolio weight and then sum the products to get the portfolio return in each state of the economy. Doing so, we get:



Boom: 
E(Rp)=.20(.07) +.20(.15) + .60(.33) =.2420 or 24.20%



Bust: 
E(Rp) =.20(.13) +.20(.03) + .60((.06) = –.0040 or –0.40%



And the expected return of the portfolio is:



E(Rp) = .70(.2420) + .30((.004) = .1682 or 16.82%



To calculate the standard deviation, we first need to calculate the variance. To find the variance, we find the squared deviations from the expected return. We then multiply each possible squared deviation by its probability, and then add all of these up. The result is the variance. So, the variance and standard deviation the portfolio is:



(p2 = .70(.2420 – .1682)2 + .30((.0040 – .1682)2 = .012708     



(p = (.012708)1/2 = .1127 or 11.27%

10.
a.
This portfolio does not have an equal weight in each asset. We first need to find the return of the portfolio in each state of the economy. To do this, we will multiply the return of each asset by its portfolio weight and then sum the products to get the portfolio return in each state of the economy. Doing so, we get:



Boom:
E(Rp) = .30(.3) + .40(.45) + .30(.33) = .3690 or 36.90%



Good:     E(Rp) = .30(.12) + .40(.10) + .30(.15) = .1210 or 12.10%



Poor:
E(Rp) = .30(.01) + .40(–.15) + .30(–.05) = –.0720 or –7.20%



Bust:
E(Rp) = .30(–.06) + .40(–.30) + .30(–.09) = –.1650 or –16.50%



And the expected return of the portfolio is:



E(Rp) = .30(.3690) + .40(.1210) + .25(–.0720) + .05(–.1650) = .1329 or 13.29%


b.
To calculate the standard deviation, we first need to calculate the variance. To find the variance, we find the squared deviations from the expected return. We then multiply each possible squared deviation by its probability, and then add all of these up. The result is the variance. So, the variance and standard deviation the portfolio is:



(p2 = .30(.3690 – .1329)2 + .40(.1210 – .1329)2 + .25 (–.0720 – .1329)2 + .05(–.1650 – .1329)2 



(p2 = .03171



(p = (.03171)1/2 = .1781 or 17.81%

12.
The beta of a portfolio is the sum of the weight of each asset times the beta of each asset. If the portfolio is as risky as the market it must have the same beta as the market. Since the beta of the market is one, we know the beta of our portfolio is one. We also need to remember that the beta of the risk-free asset is zero. It has to be zero since the asset has no risk. Setting up the equation for the beta of our portfolio, we get:


(p = 1.0 = 1/3(0) + 1/3(1.9) + 1/3((X)    


Solving for the beta of Stock X, we get:



(X = 1.10

16.
Here we need to find the risk-free rate using the CAPM. Substituting the values given, and solving for the risk-free rate, we find:


E(Ri) = .17 = Rf + (.11 – Rf)(1.9) 


.17 = Rf + .209 – 1.9Rf

Rf = .0433 or 4.33%

19.
There are two ways to correctly answer this question. We will work through both. First, we can use the CAPM. Substituting in the value we are given for each stock, we find:


E(RY) = .055 + .075(1.50) = .1675 or 16.75%



It is given in the problem that the expected return of Stock Y is 17 percent, but according to the CAPM, the return of the stock based on its level of risk, the expected return should be 16.75 percent. This means the stock return is too high, given its level of risk. Stock Y plots above the SML and is undervalued. In other words, its price must increase to reduce the expected return to 16.75 percent. For Stock Z, we find:


E(RZ) = .055 + .075(0.80) = .1150 or 11.50%


The return given for Stock Z is 10.5 percent, but according to the CAPM the expected return of the stock should be 11.50 percent based on its level of risk. Stock Z plots below the SML and is overvalued. In other words, its price must decrease to increase the expected return to 11.50 percent.


We can also answer this question using the reward-to-risk ratio. All assets must have the same reward-to-risk ratio, that is, every asset must have the same ratio of the asset risk premium to its beta. This follows from the linearity of the SML in Figure 11.11. The reward-to-risk ratio is the risk premium of the asset divided by its (. This is also know as the Treynor ratio or Treynor index. We are given the market risk premium, and we know the ( of the market is one, so the reward-to-risk ratio for the market is 0.075, or 7.5 percent. Calculating the reward-to-risk ratio for Stock Y, we find: 


Reward-to-risk ratio Y = (.17 – .055) / 1.50 = .0767  


The reward-to-risk ratio for Stock Y is too high, which means the stock plots above the SML, and the stock is undervalued. Its price must increase until its reward-to-risk ratio is equal to the market reward-to-risk ratio. For Stock Z, we find:


Reward-to-risk ratio Z = (.105 – .055) / .80 = .0625


The reward-to-risk ratio for Stock Z is too low, which means the stock plots below the SML, and the stock is overvalued. Its price must decrease until its reward-to-risk ratio is equal to the market reward-to-risk ratio.

21.
For a portfolio that is equally invested in large-company stocks and long-term bonds:


Return = (12.4% + 5.8%)/2 = 9.1%


For a portfolio that is equally invested in small stocks and Treasury bills:


Return = (17.5% + 3.8%)/2 = 10.65%

29.
a.
The expected return of the portfolio is the sum of the weight of each asset times the expected return of each asset, so: 



E(RP) = wAE(RA) + wBE(RB)




E(RP) = .40(.15) + .60(.25)




E(RP) = .2100 or 21.00%




The variance of a portfolio of two assets can be expressed as:
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So, the standard deviation is:




( = (.24010)1/2 = .4900 or 49.00%

b.
The expected return of the portfolio is the sum of the weight of each asset times the expected return of each asset, so: 



E(RP) = wAE(RA) + wBE(RB)




E(RP) = .40(.15) + .60(.25)




E(RP) = .2100 or 21.00%




The variance of a portfolio of two assets can be expressed as:
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So, the standard deviation is:




( = (.11530)1/2 = .3396 or 33.96%


c.
As Stock A and Stock B become less correlated, or more negatively correlated, the standard deviation of the portfolio decreases.
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