
Risk and Return
– Interpretation of the MVE portfolio
– “BETA” of securities
– Capital Asset Pricing Model



From Last Time…

• Investors require high returns for risky stocks
• It is optimal for investors to divide their investment between 

the risk free asset and the MVE portfolio
• Investors seeking safer investments should invest a larger 

fraction of their wealth in the risk free assetfraction of their wealth in the risk free asset.

If all investors act this way then, what is the MVE portfolio?f y , p f

It must be the portfolio of all risky securities in the economy

(1) St k(1) Stocks

(2) Risky bonds

(3) Real-estate(3) Real-estate

(4) Human capital ….



The Market Portfolio

• The proxy for the MVE portfolio is the Market Portfolio
• The Market Portfolio is the portfolio of all risky securities held p y

in the proportion to their market value. The return on the 
market portfolio is given by:
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Where the weights vi are given by,
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The Market Portfolio
Example: Consider an economy consisting of 4 risky assets:p y g y

Asset A B C D
Value $100K $200K $150K $50K

This implies the following weights of the market portfolio:
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As of 2003, the combined market capitalization of the S&P500 Index

$500K2 $500K

As of 2003, the combined market capitalization of the S&P500 Index 
stocks was $7.82 Trillion. Wal-Mart (whose market cap is $216 
Billion) had a weight of,

$216B %76.2
$7820B
$216Bv Mart-Wal ==



The Market Portfolio
What risk is in the market portfolio?

• The firm specific (idiosyncratic) risk is diversified away but the 
portfolio still has macro economic (systematic) riskportfolio still has macro economic (systematic) risk

• What expected return should we require from a risky asset that is 
t l t d ith th t th k t tf li th t inot correlated with the return on the market portfolio – that is, a 

security that has only idiosyncratic risk?

• What expected return should we require from a risky asset that 
has a correlation of 1 with the return on the market portfolio?

• Should stocks that are highly correlated with the market portfolio 
earn higher or lower returns?



…the return required by investors q y
linearly depends on the systematic 

risk measured by “beta”…

William F. Sharpe extended the ideas of Harry M. Markowitz 
to provide a relation between risk and return based onto provide a relation between risk and return based on 
systematic risk (1964). The model he developed is the 
“Capital Asset Pricing Model (CAPM). He won the 1990 
Nobel Prize in Economics for his workNobel Prize in Economics for his work.



Relation Between Individual Stocks and the 
Market Portfolio

Terminology
• The return on the market portfolio in period “t” – tm,r~p p

• The return on firm i in period “t” –

tm,

ti,r
~

• Specific (idiosyncratic) risk of firm i – 0])ε~[E(ε~ ti,ti, =

• We measure systematic risk of asset “i” by BETAi, iβ



Estimating BETA
BETA satisfies the following regression equation:BETAi satisfies the following regression equation:
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• Theoretically BETAi is given by

excess return on firm i                        excess return on market portfolio            firm specific risk
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• We estimate BETAi by running the above regression while 
using past data on market returns, firm i returns and risk free
rates. 



Estimating BETA of General Motors (GM)



Estimation of the Theoretical Regression Line

( )f 5m 5GMif 5GM 5 rr~βαrr~ −+=−
GM,5ε~

( )f,5m,5GMif,5GM,5 β

BETAGM is estimated to be
1 136 This means that when the1.136. This means that when the
market moves by 1%, GM’s
return on average moves by
1.136%.



BETA of a Portfolio
Consider a portfolio of N stocks with returns r1 r2 rN and weightsConsider a portfolio of N stocks with returns r1,r2,…,rN and weights 

w1,w2,…,wN.
• The covariance with the market portfolio is,
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• The portfolio’s BETA is
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• The portfolio s BETA is,
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Example:  Suppose that the expected annual return on Microsoft’s 
stock is 23% with standard deviation of 21 25% the expectedstock is 23% with standard deviation of 21.25%, the expected 
return on the S&P500 Index (the market) is 15% with standard 
deviation of 10%, and the correlation between the return on 
Mi ft d th S&P500 I d i 0 8Microsoft and the S&P500 Index is 0.8.

• What is Microsoft’s BETA?What is Microsoft s BETA?
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The covariance is,
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Microsoft’s BETA is then,  7.1
0.10
0.017β 2Microsoft ==



Example (continued):  Now suppose that you put half of your wealth 
into Microsoft and half into GM. The expected annual return on 
GM’s stock is 16%, and the covariance between the return on GM 
and the S&P500 is 0.011.

• What is GM’s BETA?

( ) 0 011r~r~cov( )
( ) 1.1
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• What is the portfolio’s BETA?

4.11.15.07.15.0βwβwβ GMGMMicrosoftMicrosoftp =×+×=×+×=

• What is the portfolio’s expected return?  

p

( ) ( ) ( ) %5.19%165.0%235.0rEwrEwrE GMGMMicrosoftMicrosoftp =×+×=×+×=



Capital Asset Pricing Model (CAPM)

• What is the expected rate of return on a stock with ?0β =p f

• What is the expected rate of return on a stock with ?1β =
( )

( ) ffmfi rr)E(r0r)E(r =−×+=

• What is the expected rate of return on a portfolio that is made up 
of 50% of the risk free asset and 50% of a stock with ?1β =

( ) )E(rr)E(r1r)E(r mfmfi =−×+=

of 50% of the risk free asset and 50% of a stock with ?1β =

( ) fmfmfi r5.0)E(r5.0r)E(r5.0r)E(r ×+×=−×+=

• In general according to the CAPM, 

( ))E(β)E( ×+ ( )fmifi r)E(rβr)E(r −×+=



Capital Asset Pricing Model (CAPM)
( ))E(β)E(

• Only market risk matters in determining the required rate of return. 
Diversifiable (idiosyncratic) risk does not affect the required rate

( )fmifi r)E(rβr)E(r −×+=

Diversifiable (idiosyncratic) risk does not affect the required rate 
of return.

• Assets with high BETA’s (not necessary high variance) yield high 
dexpected returns.

What is the excess return on a stock with a negative BETA?What is the excess return on a stock with a negative BETA? 

Could a stock have a negative BETA?

Stocks with negative BETA exist (e.g. Blockbuster’s BETA is –0.276).
Such stocks earn expected return below the risk free rate. Such stocksSuc stoc s ea e pected etu be ow t e s ee ate. Suc stoc s
provide relatively high income during down turns in the economy and
can be viewed as insurance.



Security Market Line (SML).

The Security Market Line represents the relation between the 
expected return (on the “y” axis) and beta (on the “x” axis) -expected return (on the y  axis) and beta (on the x  axis) 
implied by the CAPM 
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Example: The expected return on the S&P500 Index is 12%. The risk 
free rate is 2% Plot the relationship between the expected returnfree rate is 2%. Plot the relationship between the expected return 
on a security and its BETA – i.e. the Security Market Line.

According to the CAPM: ( )10.0β02.0)E(r ii ×+=
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Example (continued): The standard deviation on the S&P500 Index 
is 20%. The return on security A has a correlation of 50% with the 
return on the S&P500 Index with standard deviation 25% Usingreturn on the S&P500 Index, with standard deviation 25%. Using 
the Security Market Line, what is the expected return on security 
A?

The BETA of security A is: 625.0
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Using the CAPM to evaluate projects
Example (continued): You can invest in a project that will yield p ( ) p j y

expected return of 22%. The project’s return is correlated with the 
return on the S&P500 Index and has a BETA of 1.5. Place the 
project graphically below Should you invest in the project? Whatproject graphically below. Should you invest in the project? What 
if the project had a BETA of 3?
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Using the CAPM to calculate stock prices
Example: Consider stock A with the following characteristics:Example: Consider stock A with the following characteristics:

Price in one year – P1 Probability
$95 50%
$110 30%
$130 20%

We also know that: 

$130 20%

%5rand 20%)E(r0.75,β fmA ===

• What is the required rate of return on an investment in stock A?

• According to the CAPM, what is the current price of stock A?
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Does the CAPM work?

B t A Ri k P i

A Ri k P i

Beta vs. Average Risk Premium 
1931-2002
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Beta vs. Average Risk Premium 
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Beta vs. Average Risk Premium 
1966-2002
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Other factors that drive expected returns

Return vs Book to MarketReturn vs. Book-to-Market     
1926-2003
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http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html


