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Fundamentals of |
Corporate Finance

Chapter Outline

12.1 The Expected Return of a Portfolio

12.2 The Volatility of a Portfolio

12.3 Measuring Systematic Risk

12.4 Putting it All Together: The Capital
Asset Pricing Model
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Learning Objectives

» Calculate the expected return and volatility
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(standard deviation) of a portfolio
* Understand the relation between

systematic risk and the market portfolio
= Measure systematic risk

* Use the Capital Asset Pricing Modei (CAPM)
to compute the cost of equity capital for a

stock

Camyrgue 12011 Pur Eaiaea.

Dy, Nadhem A -Daleh



prte SRR R

12.1 The Expected Return of a
Portfolio

» [n Chapter 11 we found: :
- For large portfolios, investors expect higher f
returns for higher risk.
- The same does not hold true for individual ;
stocks. 3
- Stocks have both unsystematic and systematic '
risk 5

= only systematic¢ risk is rewarded
« rational investors should choose to diversify.
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121 The Expected Return of a :
Portfolio

» Portfolio weights

- The fraction of the total portfolio held in each
investment in the portfolio:

Vahue of iivestmient ;. (Eq. 12.13

M Tt vale of portfolio

~ Portfolio weights add up to 100% (that is, wil
+ w2 + .+ wN = 100%)
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12 1 The Expected Return of a
Portfolio

- Portfolio weights for a portfolio of 200 shares of
Apple at $200 per share and 100 shares of
Coca-Cola at $60 per share:

2008200 o 1000860
Wi = 100,000 ,_40% Veoacats = 7300000 .6.(..]%
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- 12.1 The Expeced Return of a
Portfolio

= The return on a portfolio, Rp

- The weighted average of the returns on the
investments in the portfolio:

Ry =wRy +wyRs + ... +wpRy, (g 122)

Capyrom € 1012 huarscm Eaastps

Example 12 1 Calculatlng Portfollo
Returns

Problem:
+ Suppose you invest $100,000 and buy 200 shares
of Apple at $200 per share ($40,000) and 1000
shares of Coca-Cola at $60 per share ($60,000).

o If Apple’s stock goes up to $240 per share and
Coca-Cola stock falls to $57 per share and neither
paid dividends, what is the new value of the
portfolio?

« What return did the portfolio earn?

Caprin 013 Fowrson Bascten.
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Example 12. 1 Calculatmg Portfolio
Returns
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Problem (cont’d):

» Show that Eq. 12.2 Is true by calculating the individyal
returns of the stocks and multiplying them by their weights
in the portfolio.

« If you don't buy or sell any shares after the price change,
what are the naw portfolio weights?

By & T drmen Eatcntem,
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Example 12.1 Calculating Portfolio
Returns

v

Evaluate
The charts below show the initial and ending weights on Apple
{shown in yellow) and Coca-Cola (shown in red).
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12 1 The Expected Return of a |
Portfolio

+ The expected return of a portfolio

— The weighted average of the expected returns of the
investments within it, using the portfolio weights:

Syt © 201 P Eren.
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Table 12.1 Summary of Portfalio
Concepts
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Example 12,2 Portfollo Expected
Return

Problem:

« Suppose you invest $10,000 in Boeing (BA) stock, and
$30,000 in Merck (MRK) stock. You expect a return of 10%
for Boeing, and 16% for Merck. What is the expected
return for your portfolio?

Copyruhl O 2017 Prewcm Crntam.

Exampie 12.2 Portfollo Expected |
Return

Execute:
+ The expected return on your portfolio Is:

e ©2013 Paarm Samm

12.2 The Volatility of a Portfolio

» Investors care about return, but also risk

+ When we combine stocks in a portfolio,
some risk is eliminated through
diversification.

- Remaining risk depends upon the degree to
which the stocks share common risk.

- The volatility of a portfolic is the total risk,
measured as standard deviation, of the
portfolio.

Eagyrin © 13 Paaraon b




12.2 The Volatility of a Portfolio

¢ Table 12.2 shows retums for three
hypothetical stocks, along with their
average returns and volatilities.

» Note that while the three stocks have the
same volatility and average return, the
pattern of returns differs.

* When the airline stocks performed well,
the oil stock did poorly, and when the
airlines did poorly, the oil stock did well.

Comruhd © 2011 Prbroms Blcaten,
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Table 12 2 Returns for Three Stocks,
and Portfolios of Pairs of Stocks
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12.2 The Volatility of a Portfolio

« Table 12.2 shows returns for two
portfolios:

- An equal investment in the two airlines, North ’

Air and West Air.
- An egqual investment in West Air and Tex Cil.
= Average return of both portfolios is equal
to the average return of the stocks

» Volatilities (standard deviations) are very
different.

Cappigh © 301 Faaran Educalon.




Figure 12,1 -
Volatility of -
Airline and §I
Oil Portfolios M
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12.2 The Volatility of a Portfolio

» This example demonstrates two important
truths.
- By combining stocks into a portfolio, we reduce
risk through diversification.
- The amount of risk that is eliminated depends
upon the degree to which the stocks move
together.

¢ Combining airline stocks reduces volatility only
slightly compared to the individual stocks.

+ Combining airline and oil stocks reduces volatility
below that of either stock.

Copegt & 213 Paarman Edvetacn
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12.2 The Volatility of a Portfolio

* Measuring Stocks” Co-movernent: i
Correlation g

- To find the risk of a portfolio, we need to know t

» The risk of the component stocks ?

» The degree to which they move together i

- Correlation ranges from -1 to +1, and ;
measures the degree to which the returns §
share common risk. g
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Figure 12.2 Correlation i
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12.2 The Volatility of a Portfolio

» Correlation is scaled covariance and is defined as
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12.2 The Volatility of a Portfolio

* Stock returns tend to move together if
they are affected similarly by economic
events.

- Stocks in the same industry tend to have mere
highly correlated returns than stocks in
different industries.

» Table 12.3 shows several stocks’

- Volatility of individual stock returns

~ Correlation between them

- The table can be read across rows or down
columns.

Copyedm G IV Peerron Rovceh




Table 12.3 Estimated Annual Volatllltles and
Correlations for Selected Stocks. (Based on
Monthly Returns, June 2002- May 2010)

Comwal © 2012 Pumrvem Eibiatom.

12.2 The Volatility of a Portfolio

 Computing a Portfolio’s Variance and
Standard Deviation

- The formuta for the variance of a two-stock
portfolio is:

Am e -._m!‘u " y
riak of sack L. -7 riak of s3oek T Mfwm-unummﬂmw
...........A.._._.“

Var(R,) = WESIXRY. & WASIDUR Y+ 2mwsCorr(R, R)SDURISD(R)
(Eq. 12.4)
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12.2 The Volatility of a Portfolio

+ The three parts of Eq. 12.4 each account
for an important determinant of the overall
variance of the portfolio:

- the risk of stock 1
- the risk of stock 2

- an adjustment for how much the two stocks
move together (their correlation, given as
Corr{R1,R2)).

i
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+ Expected return of a portfolio is equal to
the weighted average expected return of
its stocks.

+ Risk of the portfolio is lower than the
weighted average of the individual stocks’
volatility, unless all the stocks all have
perfect positive correlation with each other
- Diversification

Cooymght 02T Puervon Fesmm.
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Example 12 4 Reducing Risk
Without Sacrificing Return

Problem:

« Based on historical data, your expected annual return for
Target is 6% and for Berkshlre Hathaway is 5%. What is
the expected return and risk (standard deviation} of your
portfolio if you only hoild Target? If you split your money
evenly between Target and Berkshire, what is the expected
return and risk of your portfolio?

L —

it o o e
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xample 12.4 Redcing Ris
Without Sacrificing Return

Solution:

Plan:
A. From Table 12.3 we can get the standard deviations of
Target and Berkshire stock along with their correlation: :
SD(Rygr)=0.31, SD(Ryuk)=0.20, Corr{Rygr Raar}=0.37

B. With this information and the information from the problem,
we can compute the expected return of the portfolio using
Eq. 12.3 and its variance using Eq. 12.4

Copyigr © X012 Pamrven Enaman

Example 12.4 Reducing Risk B ;
Without Sacrificing Return

Execute:
= For the ail-Target portfolio, we have 100% of our money in
Target stock, s0 the expected return and standard deviation H
of our portfolio is simply the expected return and standard %
deviation of that stock:
E[Rrgr] = 0.06, SD{Rgr} = 0.31

GO D2 P SR

Example 12.4 Re Ris
Without Sacrificing Return

Execute (cont’d):

» However, when we invest our money 50% in Berkshire and
50% in Target, the expected return is:

E[Rp] = WenkE[Repy] + WagrElRrar]
= 0.5(0.05) + 0.5(0.06} = 0.055

Camert £ 01T Pravaca Eoncamer,
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| Exampledlz 4 Reducmg Rlsk
Without Sacrificing Return

Execute (cont'd):
» And the variance is:

VanR J=wi SD(R,,. ) +wi SDIR F
+ 2w W Corr(Ry, e RByer JSD(R,, JSD(R, )
=(0.50)7(0.20)" + (0.50)(0.31)* + 2050} 0.50)(0.37)0.20)0.31)
=0.0455

+ The standard deviation in this case is:

SD(R, }=JVar(R, ) = JG.0455 = 02133,0r21.33%

Capirae © 2011 e Ervsaeen.

Example 12 4a Reducmg
Without Sacrificing Return

Problem:

+ Based on historical data, your expected annual return for
Microsoft is 6% and for Starbucks is 8%. What is the
expected return and risk (standard deviation} of yaur
pertfolio if you only hold Microsoft? If you split your money
evenly between Microsoft and Starbucks, what is the
expected return and risk of your portfolio?

OO €I s Gt

Example 12 4a Reducmg Risk H
Without Sacrificing Return

Solution:

Plan:

A. From Table 12.3 we can get the standard deviations of
Microsoft and Starbuck’s stock along with their correlation:

SO(Rysey) =0.28, SD{Rep) =0.39, COrr{Rpmser, Ropux}=0.36

T

B. With this information and the information from the problem,
we can compute the expected return of the portfglio using
£q. 12.3 and its variance using Eq. 12.4

st € 251 Bt Eciia
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xample 124a Reducmg Risk g
Without Sacrificing Return

Execute: E
» For the all-Micresoft portfolio, we have 100% of !
our money in Microsoft stock, so the expected
return and standard deviation of our portfolio is §
simply the expected return and standard
deviation of that stock: i
EfRuyser] = 0.06, SD(Ryser} = 0.28

Copprere ©3013 Faaraen Esbemen. - e

Example 12.4a Reducmg Rlsk
Without Sacrificing Return

Execute (cont'd):
» However, when we invest our money 50% in Microsoft and
50% in Starbucks, the expected return is:

E[R;] = WimserE[Ruser] + WapixE[Ruser]
= 0.5(0.06) + 0.5(0.08) = 0.07

g € 212 Pt Edecaben

| Example 12. 4a Reducmg Rlsk
Without Sacrificing Return

Execute (cont’d):
« And the variance is:

FAPLR, ) =Ny SDR, g F 4 W SD (R F
+ 20 W Corr (R, e R, JSD(R, JSDIR,,. )
={0.50)°(0.28)* + (2.50F(D.39)° + 2(0. S0)(R. SH)N0.IGY1.28)0.39)
=0.07728

» The standard deviation in this case is:

SDIR, }—',fVar(R_,) =+/07718 =0.273,00 27 8%

Comrgn © 2013 Pasrasn Edscssca
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12.2 The Volatility of a Portfolio

= The Volatility of a Large Portfolio
- Volatility declines as the number of stocks in
the equally weighted portfolio grows.
= Most dramatic initially -going from 1 to 2 stocks
reduces risk much more than going from 100 to 101
stocks.,
- Even for & very large portfolio systematic risk
remains.

Cappro 1201 Fearaan Epwcaton,
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Figure 12.4 Voiatility of an Equally Weighted
Portfolio versus the Number of Stocks
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12.3 Measuring Systematic Risk

¢ Qur goal is to understand the impact of risk on
the firm's investors so we can:
- quantify the relation between risk and required return
- praoduce a discount rate for present value calculations.
¢ To recap:
- The amount of a stock’s risk that is diversified away
depends on the portfelio that you put it in.
- With a large enough portfolio, you can diversify away ail
ulnis(ystematic risk, but you will be left with systematic
risk.

.
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12.3 Measuring Systematic Risk

¢ Role of the Market Portfolio :

- The sum of all investors’ portfolios must equal
the portfolio of all risky securities in the
market.

- The market portfolio is the portfolio of ail risky 1
investments, held in proportion to their value.

* Thus, the market portfolio contains more of the
largest companies and less of the smallest companies.

Copgfe © 213 Paaraen Esusacn

12.3 Measuring Systematic Risk

« Imagine that there are only two companies in the stock
market, each with 1000 shares outstanding:

Humber of Shares
Outstanding Prica Per Share Markat Copilalization
Company A 1,000 0 $40,000
Company B 1,000 $10 $10,000

GO € I017 P Eamates

12.3 Measuring Systematic Risk

» Aggregate market portfolio is 1000 shares
of each, with:
- 80% ($40,000/$50,000) in A
- 20% ($10,000/$50,000) in B.

s Everyone wants to hold the market
portfolic and the sum of everyone’'s
portfolios must be the market portfolio.

Eapyrgm © 2011 Fomrvcn. Eavcon
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12.3 Measuring Systematic Risk

« The only way for this to be true is for
everyone to put 80% of their money in A
and 20% of their money in B.

« Since stocks are held in proportion to their
market capitalization (value), we say that
the portfolio is value-weighted.

3|
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12.3 Measuring Systematic Risk

+ The investment in each security is
proportional to its market capitalization,
which is the total market value of its

outstanding shares:

Markel Vaive of & Firm = { Nimber of Shiares Ousianding){Price per stire)
(Eq. 12.5) :

GO €17 Pebrron Kt

12.3 Measuring Systematic Risk

* Stock Market Indexes as the Market

Portfolio
- In practice we use a market proxy—a portfolio
whose return should track the underlying,
unabservable market portfolio.
+ The most common proxy portfolios are market

indexes.
= A market index reports the value of a particular

portfolio.
- Dow Jones Industrial Average

- S&P 500

Coorn € 0T Peeracn Lovaen
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12.3 Measuring Systematic Risk

» Market Risk and Beta

- We compare a stock's historical returns to the
market’s historical returns to determine a
stock’s beta (B)

» The sensitivity of an investment to fluctuations in the
market portfolio.

» Use excess retums - security return less the risk-free
rate

Lren o

» The percentage change in the stock’s return that we
expect for each 1% change in the market’s return

Comge ©-3412 Pasescn Edecusen.

» Market Risk and Beta

- There are many data sources that provide
estimates of beta
= Most use 2 to 5 years of weekly or monthly retums
= Most use the S&P 500 as the market portfolio.

o O 31T Surven Eban

T

Table 12.4 Average Betas for Stocks by Industry
and the Betas of a Selected Company in Each Industry
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12.3 Measuring Systematic Risk

oy 5y L

+ The beta of the overall market portfolio is
1.

» Many industries and companies have betas
higher/lower than 1.
- Differences in betas by industry are related to
the sensitivity of each industry’s profits to the
general health of the economy.

Capyrg © 2012 P Blsiass.
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Figure 12.6 Systematic versus Firm- Specnf‘ ic
Risk in Microsoft and Starbucks
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Example 12.5 Total Risk Versus
Systematic Risk

Problem:

= Suppose that in the coming year, you expect SysCo’s stock
to have a standard deviation of 30% and a beta of 1.2, and
UniCo’s stock to have a standand deviation of 41% and a
beta of 0.6.

+ Which stock carries more total risk?

+ Which has more systematic risk?

oM & T Powrrom Erws
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Example

2.5 Ttal Risk Versus
Systematic Risk

Solution:
Plan:

UniCo 41% 06

ComroM £ 3097 Faaraen Encaman.

12.3 Measuring Systematic Risk

» Estimating Beta from Historical Returns
- Beta is the expected percentage change in the
excess return of the security for a 1% change

in the excess return of the market portfolio.

* The ameunt by which risks that affect the overall

market are amplified or dampened in a given stock or
investment.

Caprope € 017 e famzemn.

12.3 Measuring Systematic Risk

» Estimating Beta from Historical Returns

- Apple’s stock for example (Figure 12.7):

« The overall tendency is for Apple to have a high
return when the market Is up and a low return when
the market is down.

= Apple tends to move in the same direction as the
market, but its movements are larger.

+ The pattern suggests that Apple’s beta is greater than
one,

Caprrom 201 Pt Erbt
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Figure 12.7 Monthly Excess Returns for Apple
Stock and for the S&P 500, May 2005-May 2010

‘mSAF 500
= Argie Job 2008
Wom |- Apple + 14T
AT 500 +10%

Compegpe 01013 Poarven Edneslon. %

12.3 Measuring Systematic Risk

» In practice, we use linear regression to
estimate the relation.
- The output is the best-fitting line that

represents the historical relation between the
stock and the market.

- The slope of this line is our estimate of beta,

- Tells us how much the stock’s excess return
changed for a 1% change in the market’s
excess return.

Conpgpe © 251 Pearvan 4 mcamen.
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Figure 12.8 Scatterplot of Monthly Returns for ¢
Apple versus the SBP 500, May 2005 - May 2010 ¢

July 2008 4
Apple +147% by
., SEPSI A B

Copyrips © 611 Prwrven Sacen
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12.4 Putting It AII Together; The
Capital Asset Pricing Model

« One of our goals in this chapter is to
compute the cost of equity capital
- The best available expected return offered in
the market on a similar investment.
 To compute the cost of equity capital, we
need to know the refation between the
stock’s risk and its expected return.

Copurare © 2011 bowrmn Bacam.

12.4 Putting It All ogether. The l
Capital Asset Pricing Model

s The CAPM Eguation Relating Risk to
Expected Return

- Only systematic risk determines expected
returns

» Finm-specific risk is diversifiable and does not warrant
extra return.

o & T2 aarsam Edieatlr.
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12.4 Putting It All Together- The
Capital Asset Pricing Model

» The CAPM Equation Relating Risk to
Expected Return
- The expected return on any investment comes
from:
« A risk-free rate of return to compensate for inflation
and the time value of money, even with no risk of E
losing maney. |
» A risk premium that varies with the systematic risk
- Expected Return = Risk-free rate + Risk
Premium for Systematic Risk :

Caprare O 2011 v e
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12 4 Puttlng It AII Together.rThe—
Capital Asset Pricing Model

+ The Capital Asset Pricing Model (CAPM)

- The equation for the expected return of an
investment:

(Eq. 12.6)

"+ Risk Preahiut for Secarity i

Coplgh € 3913 Paarren Eeheson
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12 4 Puttlng It AII Together' The
Capital Asset Pricing Model

* The CAPM says that the expected return on any
investment is equal to the risk-free rate of return
plus a risk premium proportional to the amount of
systematic risk in the investment.

- The risk premium is equal to the market risk premium
times the amount of systematic risk present in the
investment, measured by its beta {Bi).

- We also cali this return the investment's required return.

Caoyigh € 01T Paavie St
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Example 12 6 Computlng the
Expected Return for a Stock

Problem:

* Suppose the risk-free return is 3% and you measure the
market risk premium to be 6%. Apple has a beta of 1.6.
According to the CAPM, what is its expected return?

TacwicH € 217 Snarsan el

22



R A R

Example 12.6 Computlng the
Expected Return for a Stock

Execute:
» Using Eq. 12.6:

)= 3% +1.6(6%)

Cape 11 Paarion. Edits

12.4 Putting It All Together'The o
Capital Asset Pricing Model

s The Security Market Line

- The CAPM implies a linear relation between a
stock’s beta and its expected return,

- This line is graphed in Figure 12.9(b) as the
line through the risk-ffee investment (with a
beta of zero) and the market (with a beta of
one); it is called the security market line
(SML}.

Copmgn 12012 Pemron Pocaton

- 12.4 Puttmg ItAII Together.The
Capital Asset Pricing Model

¢ The Security Market Line
- Recall that there is no clear relation between a

stock’s standard deviation (volatility) and its
expected return 8
» The relation between risk and return for individual g
securities is only evident when we measure market ;
risk rather than total risk, 2
H

ot © X012 P Eiamcn.
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Flgure 12 9 Expected Returns,
Volatility, and Beta
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Flgure 12 9 Expected Returns, S
Volatility, and Beta

Expected Retum

o 0 FIT vt Bcabo.

Example 12.7 A Negative Beta Stock

Problem:

« Suppose the stock of Bankruptcy Auction Services, Inc.
(BAS) has a negative beta of -0.30. How does its expected
return compare to the risk-free rate, according to the
CAPM? Does your result make sense?

G20 £ 17 Prerrot Ediatst
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Example 12.7 A Negative Beta Stock

Execute:

= Because the expected return of the market is

higher than the risk-free rate, Eq. 12.6 implies
that the expected return of Bankruptcy Auction
Services (BAS) will be below the risk-free rate.

As long as the market risk premium is positive (as
long as pecple demand a higher return for
investing in the market than for a risk-free
investment), then the second term in Eq. 12.6
will have to be negative if the beta is negative.

i
£
;
#
f
:
H
g

Capin € I1E Firicn Fhemps

- Example 12.7 A Negative Beta Stock

Execute (cont'd):
* For example, if the risk-free rate is 4% and the market risk
premium is 6%,
- E[RBAS] = 4% - 0.30(6%) = 2.2%.

- {See Figure 12.9: the SML drops below rf for 8 < 0.)

Capmg 11281 Pemven, Ecaon.
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12.4 Putting It All Together: The :
Capital Asset Pricing Model ;

+ The CAPM and Portfolios

- We can apply the SML to portfolios as well as i
individual securities. 7

= The market portfolio is on the SML, and according to g1
the CAPM, other portfolios (such as mutual funds) are }

alse on the SML. ;

» Therefore, the expected return of a portfolio should i
correspond to the portfolio’s beta. 'l
» The beta of a portfolio made up of securities each '1
with weight w, is: i

WBAWB kW, p, Ea12T)

oot 012 Pomrron Bicaker
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Example 12, 8a The Expected Return
of a Portfolio

P

|

Problem: ;
« Suppose Ford (F) has a beta of 2.67, whereas the beta of 3
Safeway (SWY) Is 0.72. if the risk free interest rate is 3% E
and the market risk premium Is 6%, what is the expected H
return of an equally weighted portfolio of Ford and Safeway, §i

according to the CAPM?

Capgpe © 202 fewven Bacuscn.

Example 12 aa The Expected Return
of a Portfolio

Execute:

» Using the first approach, we compute the
expected return for F and SWY:

E[Re] = ry + B(E[Rme] = ) EfRsun] = re + Bswe(E[Rmal = 1
E[Re] = 3% + 2.67(6%)=19.02%
E[Rswy] = 3% + 0.72(6%)=7.32%

= Then the expected return of the equally weighted
portfolio P is:
E[Rp) = 0.5(19.02%) + 0.5(7.32%) = 13.17%

Cops € e Fasrn Eman
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Example 12. 8a The E pected Return
of a Portfolio

Execute (cont'd):
» Alternatively, we can compute the beta of the
portfolio using Eg. 12.7:
Be = WeBr + WouwyBswy
= (0.5){2.67) + (0.5)(0.72) = 1.695
s We can then find the portfolio’s expected return
from the CAPM:

E[Rp] = rr + B(E[Ruiel - 1)
E[Rp] = 3% + 1.695{(6%) = 13.17%
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12.4 Putting It AII“ ogéther: The
Capital Asset Pricing Model

= Summary of the Capital Asset Pricing
Model a
- Investors require a risk premium proportional
to the amount of systematic risk they are
bearing,
- We can measure systematic risk using beta (B}
- The most common way to estimate beta is to

use linear regression - the slope of the line is
the stock’s beta.
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12.4 Putting It All Together: The
Capital Asset Pricing Model

* Summary of the Capital Asset Pricing
Model

- The CAPM says we can compute the expected
(required) return of any investment using the
following equation:

E[R] = r + Bi(E[Rwie] - 1)

which, when graphed is called the security
market line.
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