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Objectives
« Describe the probability distribution approach

« Explain the concept of standard deviation as a measure of risk
* Interpret risk and return measures

* lllustrate how investor risk preferences can be represented
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Measures of Risk and Expected Return

The expected return is the expected outcome measured as the weighted
average of the individual outcomes

E(r)=R=p=pR; +p,R, +... + p R,

The variance or standard deviation of returns is the measure of dispersion
around the expected return. Greater the dispersion, higher the risk and
uncertainty.

Var(r) = 02 = py(Ry - M) + po(Ry - M)? + ... + p(R, - M)?
SD(r) =0

Note: Variance and standard deviation take into account returns above
and below the expected return. Investor concern is typically with returns
below the expected return (downside risk)
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Measures of Risk and Expected Return

Class Exercise 1: The current price of Stock X is $10. The stock does not
pay a regular dividend and market analysts expect the following three

states to occur one year from now

State Probability Price

Bad 0.3 $9.00
Good 0.4 $11.00
Awesome 0.3 $12.00

Compute the expected return and standard deviation of return for the
above investment.
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Answers to Class Exercise 1

* Convert the cash flows into rates of return for each state

* The return distribution for Stock X is

State Probability Rate of Return

Bad 0.3 (9-10)/10=-10%
Good 0.4 (11-10)/10=10%
Awesome 0.3 (12-10)/10=20%

E(r) or u = 0.3(-0.1) + 0.4(0.1) + 0.3(0.2) = 7.0%
Var(r) = 0.3(-0.1-0.07)2 + 0.4(0.1-0.07)2 + 0.3(0.2-0.07)2 = 0.0141

SD(r) or o = (0.0141)Y2 =0.1187 or 11.9%
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Interpreting Return and Risk Measures

A general interpretation of the expected return and standard deviation of
return requires assuming returns are continuously and normally

distributed.
* Only the expected (or mean) return and standard deviation of return

are needed to fully describe the distribution of returns
| 1 r—u ’
7 =—exp| -3 =2
ON2T 2\ O

Note: A normal distribution implies an unlimited downside loss potential -
unrealistic assumption because the most you can lose on a security
purchase is 100%!
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Interpreting Return and Risk Measures

.-67% (UL+0.1u-0)

1 95% (u+20.u-20)
" Note: More exact range is
(L+1.966. 1 -1.96G)

v

u-26 p-o B p*co p+26  Rate of Return (7)
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Interpreting Return and Risk Measures

* In the previous example, y = 7% and o = 11.9%

* Assume you purchased 100 shares of Stock X, investing $1,000
*The expected value of this security next period is
1000(1+ u) = 1000(1.07) = $1,070
*There is a 67% probability that the realized return will lie in the range
(M-0,d+0)or (-4.9%, 18.9%)
*There is a 95% probability that the realized return will lie in the range
(M- 20, y + 20) or (-16.8%, 30.8%)

*There is a 95% probability that a $1000 investment in this security will be
worth between 1000(1 - 0.168) = $832 and 1000(1 + 0.308) = $1,308 next
period

* The range of final wealth is $832 - $1,308 with a 95% likelihood of
the actual/realized wealth lying in this range
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Specifying Investor Preferences

Class Exercise 2: You're given the following information on four risky
securities. Which securities would a risk averse investor prefer?

Expected | Standard Deviation
Security Return of Returns
A 5% 10%
B 10% 20%
C 10% 10%
D 15% 20%
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Answers to Class Exercise 2

* Risk averse investors would
prefer the highest expected
returns and the lowest risk
levels

* Cis preferred to A

* Cis preferred to B

* D is preferred to B

 What about A and B, C and
D, Aand D?
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Specifying Investor Preferences

Assuming asset returns are normally distributed, investor utility can
be written as a function of y and ¢?%: U =f (u, ¢9)

Example: U = y - 0.302 (this is just an example of a utility function)
AU/Ap > 0 (Higher expected return preferred to lower expected return)
AU/Ac? < 0 (Lower risk preferred to higher risk)

1L (%)

15

Direction of
Increasing
. utility

10

Which securities would a risk averse
Investor now prefer?

* Indifferent between A and B

* Cis preferredto A, Band D

* D is preferred to Aand B

20

* & (%)
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Specifying Investor Preferences

« Example: Evaluate securities A, B and
C based on their coefficients of variation 1 (%)

CV=0/p
*CV, =0.10/0.05 = 2.0
*CVg; =0.20/0.10 = 2.0 . .
*CV:=0.10/0.10 = 1.0 10 y '

 C Is preferred to A and B (as before)
* Investor is indifferent between A and B - .
same risk per unit expected return 1o 20

Cesario MATEUS 2011 13




Key Concepts

* Probability distributions represent specifications of possible
outcomes in the future associated with probabilities of these outcomes
occurring

« Expected return is the expected return outcome measured as the
weighted average of the individual outcomes

« Standard deviation of returns is the measure of dispersion around
the expected return

* Risk averse investors prefer securities with the highest expected
returns and lowest risk levels
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Key Relationships
» Expected return on a security: E(r) = p;R; + poR, + ... + p,R,
 Return variance: 62 = py(R; - W2 + po(R, - )2 + ... + p,(R,, - M)?

* Return standard deviation: SD(r) or o
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Objectives

» Explain the concept of risk diversification
» Explain the concepts of covariance and correlation of returns

« Compute and interpret the expected return and standard deviation of a
two asset portfolio

« Examine the effects on risk and expected return of short selling and
portfolio leveraging
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Portfolios and Risk Diversification

A risk averse investor’s objective is to
* Minimize the risk of portfolio of investments, given a desired level
of expected return, or
« Maximize the expected return of portfolio of investments, given a
desired level of risk

* The easiest way to minimize risk is to diversify across different assets
by forming a portfolio (collection) of assets
 Portfolio risk falls as the number of assets in the portfolio
Increases
* Portfolio risk cannot be entirely eliminated using this method
* The risk not eliminated is called systematic risk

 More on this in Lecture 7
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Portfolio Risk and Return: Two Assets

Portfolio’'s expected return is the weighted average of the expected
returns of its component assets - weights are the percentage of
investor’s original wealth invested in each asset

E(rp) = ”p =W E(rl) + W5 E(rZ)

w; = Amount invested in asset | / Total invested in all assets
Note:w, +w, =1andw; =1-w, (orw, =1 -w,)

Portfolio’s variance is the weighted average of the variance of its
component assets and the covariance between the assets’ returns

Var(rp) =0, 2 =W, 201 2+ W, 2 0, 2 +2W;W,0
0., = Cov(ry, 1,) = Covariance between assets 1 and 2

Standard deviation of portfolio, SD(r,) = o,
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Covariance Between Asset Returns

Covariance measures the level of comovement between assets

* 01 = P11 - Hy)(rag - Hp) + ..o+ pN(ryy, - Hy)(rop - M)
‘I =Returnonassetj=1,2instatek=1,2,...,n
* 0., > 0: Above (below) average returns on asset 1 tend to occur
with above (below) average returns on asset 2
* 0., < 0: Above (below) average returns on asset 1 tend to occur
with below (above) average returns on asset 2

* The magnitude of covariance may change depending on how returns
are measured

* Dollars versus cents

* Percentages versus decimals
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Correlation Between Asset Returns
Correlation coefficient is a “standardized” measure of comovement
between two assets

P12 = 04, /0,0,

-1 < pgp < +1

Note: The sign of the correlation coefficient is the same as the sign of the
return covariance

The covariance of returns can be rewritten as
04152 =0,05 P12

A portfolio’s variance can be rewritten as the weighted average of the
variance of its component assets and the correlation between the assets’

returns
Var(rp) = o, 2= W,2 0,2+ W,2 0,2 +2W,W,0,05 P1,
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Examples of Asset Correlations
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Return Correlations of Selected Stocks: 1993-2003

AOI ANZ BHP CBA CML FGL NAB SRP

AOI 100 1062 061 05 033 041 062 039!
ANZ 100 029 068 022 027 1061 038
BHP .00 022 012 016 034 028
CBA 100 028 025 1069 028
CML .00 011 022 030
FGL 100 026 025
NAB 100 030
SRP 1.00

Mean 6.5% 17.6% 48% 153% 43% 59% 144% -0.9%
Median 95% 165%  0.0% 14.0% -1.7%  0.0% 22.0% -8.5%
StdDev 129% 213% 228% 198% 204% 173% 21.2% 28.7%
Note: The sample period 1s Jan 1993 - Jun 2003. AOI refers to the All Ordinaries Index

which 1s a proxy for the “market™ portfolio. Stocks tend to be positively correlated with
each other and with the market portfolio. The mean, median and standard deviation of

returns are based on continuously compounded monthly returns which have been
annualized
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Portfolios and Risk Diversification

Key implications

* As long as individual securities are not perfectly positively correlated,
diversification benefits will always exist in the form of reduction of
portfolio risk

* Diversification benefits can be maximized if securities are negatively
correlated with each other

* As the number of securities in a portfolio increases, the covariance of
returns between different securities determines the portfolio’s total risk

* Importance of portfolio diversification in practice
» See next two slides
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The Importance of Portfolio Diversification
Downturn US Market Downturns and Recovery: 1926-2001 Recovery

Source: Ibbotson and Associates, Inc. - www _ibbotson.com 6.1(
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The Importance of Portfolio Diversification

US Asset Class Winners and Losers: 1986-2000

Source: Ibbotson and Associates, Inc. - www .ibbotson.com
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The Importance of Portfolio Diversification

Highast
F.eturn

Lowest
Eetumn

Aunstralian Asset Class Winners and Losers: 1986-2000

1986 1987 1938 1939 199 1841 1991 1993 1954 1995 1936 1997 1998 1999 2000
Domestic | Fixed | Domestic | Infl Fmed | Domestic | Fimed | Domestic Int]l |Domestic | [otl Int] Intl | Listed
Stocks | Ioberest | Socks | Stocks | Imterest | Socks | Interest | Stocks | Cash Bocks | Stocks | Stocks  Socks  Hocks | Properdy
Int1 Listed Listed Fixed Listed  Listed  Listed | Domestic | Fmed
Stocks | Cash | Property [ Cash Cash  |Diversified| Property |Diversified| Inferest |Diversfied| Property Property Property | Hocks | Imberest
In'l Listed | Fmed Listed  Listed | Domestic | Fmed
Diversified| Stocks |Diversified Dversfied| Property | Intersst | Cash | Property Property | Hocks | Interest |Diversified Diversified Diversfied Diversified
Listed  Listed Domestic Int1 Int'l Inf] Fmed Domestic  Domestic
Property Property | Gash | Stocks [Diverufed| Socks  Stocks  Stocks |Diverufied| Inferest |Diverafied| Socks  Stocks | Cash Cah
Fxed Fixed  Fixed Int1 Listed Fixed Intl | Listed Fmel  Fmed | Listed | Domestic
Interest |Diversified] Interest Interest | Stocks | Property |Diversified| Inferest | Stocks | Properiy | Cash | Interest  Interest | Property | Stocks
Domesfic | Infl Listed | Domeshc Deomesfic Domesti Int1 Fixed a1
Cash | Socks | Socks | Froperty | Socks | Cash | Socks | Cash | Stocks | Cash | Stocks | Cash Cash | Imterest | Stocks

Source: Adapted from Macquarie Bank
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Portfolio Risk and Return: Two Assets

Example: Securities X and Y have the following distributions

State Probability Security X Security Y
| | |
Poor 0.23 5% 12% R
-1 |_+_| Y I
Fair 0.25 10% 10% S R
L L _ 4
Good 0.25 12% 10% 8 I S
Groovy 0.25 14% 3% R R
\
E(ry) = 11% and E(ry) = 10%, oy = 2.24% and o, = 1.41% \

-

——
——
——
——
—————
-
-
-
-
-
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Portfolio Risk and Return: Two Assets

The expected return of a portfolio with $5,000 in asset X and $20,000
In asset Y is

¢ Wy = 5000/(5000 + 20000) = 0.20
wy = 20000/25000 = 1 - w; = 0.80

¢ E(r;) =02(0.11) + 0.8(0.10) = 0.102 or 10.2%

% The standard deviation of the portfolio 1s -————
o, = [0.22(0.0224)2 + 0.8%(0.0141)% + 2(0.2)(0.8)-0, 0003)]12
EI =0.00716 or 0.72% :
aFr

Equals gy

¢+ 0,=[0.22(0.0224)? + 0.82(0.0141)* +
2(0.2)(0.8)70.0224)(0.0141)(-0.95)]*2=0.72%

&
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Portfolio Risk and Return: Short Selling

* It Is possible to increase a portfolio’'s expected return above the
expected return of its component assets, but at a cost

 Strategy: Sell short the security with a lower expected return and invest
the proceeds in the security with a higher expected Return

 Short selling refers to borrowing (via a broker) shares, selling them now
with a promise to buy them back later at an expected lower price
 Short selling is like risky borrowing to leverage a portfolio
* This leveraging increases portfolio risk!
« Short selling security A and investing proceeds in security B implies
W, < 0% and wg > 100% such that w, + wg =1
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Portfolio Risk and Return: Short Selling

Example: Assume shares of ABX Ltd are selling for $2.00 and you expect
the price to fall to $1.70 in the near future. Assume you can sell this
security short, reinvest all the proceeds from the sale, and transactions
costs are zero

Borrow and sell ABX today +$2.00

Repurchase ABX when price falls | -$1.70
Dollar return per share -$1.70 + $2.00 = $0.30
Realized rate of return 0.30/2.00=15%

Where’s the risk in this strategy? Assume the price rises to $2.50

Borrow and sell ABX today +$2.00

Repurchase ABX at $2.50 -$2.50

Dollar return per share -$2.50 + §2.00 = -50.50
Realized rate of return -0.50/2.00 = -25%
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Portfolio Risk and Return: Short Selling

Example: You are given the following information on two stocks which

have a correlation of +0.5

Expected Standard Deviation
Stock Return of Returns
A 10% 15%
B 20% 20%

Base case: An investor with $1,000 invests $500 each in stocks A and B
Implying that w, = wg = 0.5
E(rp) = 0.5(0.10) + 0.5(0.20) = 0.15 or 15%

02, = 0.52(0.15)% + 0.52(0.2)# + 2(0.5)(0.5)(0.15)(0.2)(0.5)
0, =(0.0231)1/2 = 0.152 or 15.2%

Note: Even though stocks A and B are positively correlated there is

still reduction in risk
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Portfolio Risk and Return: Short Selling

Short selling case 1. An investor with $1,000 borrows stock A and sells
short $500 worth of A, investing $1,500 in stock B

w, = -500/1000 = -0.5 and wg = (500 + 1000)/1000 = 1.5

E(r,) = -0.5(0.10) + 1.5(0.20) = 0.25 or 25%

0%, = (-0.5)2(0.15)? + 1.52(0.2)2 - 2(0.5)(1.5)(0.15)(0.2)(0.5)

0, = (0.0731)1/2 = 0.27 or 27.0%

Short selling case 2: What happens to the portfolio’s risk and expected
return when the investor with $1,000 sells short $1,000 worth of stock A
and invests $2,000 in stock B?

w, = -1000/1000 = -1.0 and wg = (1000 + 1000)/1000 = 2.0

E(r,) = -1.0(0.10) + 2.0(0.20) = 0.30 or 30%

0?2 p = (-1.0)2(0.15)? + 2.02(0.2)? - 2(1.0)(2.0)(0.15)(0.2)(0.5)

0, = (0.1225)1/2 = 0.35 or 35.0%

Both return and risk are higher in Case 2!
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Portfolio Risk and Return: Short Selling
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Portfolio Risk and Return: Short Selling

The portfolio’s expected return and risk increase as more of stock A is
borrowed (as a percentage of initial wealth) and sold short to invest in
stock B
Base case: E(ry) = 15% and 0, = 15.2%
There is a 95% probability that the realized return will lie in the range

(E(rp) - 20, E(ry) + 20,) or (-15.4%, +45.4%)

Short selling case 1: E(r,) = 25% and 0, = 27%
There is a 95% probability that the realized return will lie in the range
(E(rp) - 20, E(ry) + 20,) or (-29%, +79%)

Short selling case 2: E(r,) = 30% and o, = 35%

There is a 95% probability that the realized return will lie in the range
(E(rp) - 20, E(ry) + 20,) or (-40%, +100%)
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Key Concepts

* Risk minimization can be achieved by diversifying across different
securities or assets

* A portfolio’s expected return is the weighted average of the returns of
Its component securities

* A portfolio’s variance is the weighted average of the variances of its
component securities and the covariance between pairs of securities

« Short selling refers to borrowing shares, selling them at the current
market price with a promise to repurchase them later at an expected
lower price

* The overall effect of short selling is to increase the expected
return of a portfolio as well as the risk associated with the
portfolio
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Key Relationships
* Expected portfolio return: E(r,) = w; E(ry) + w, E(r,)
* Portfolio return variance
*0,° = (W,07)° + (W,0,)* +2W,W,0,

"0, = (W10,)* + (W,05)° +2W;W,0,0; P,

e Covariance of returns
*O15 = P1(rg - M) (o1 - M) + .o + P - M) (on - M)

» Correlation coefficient: p,, = 04, /0,0,

« Covariance of returns: 0, = 0,0, P1
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