15.401 Recitation
6: Portfolio Choice

Review: portfolio basics

Q A portfolio is a collection of N assets (A, A,, ..., Ay)
with weights (w,, w,, ..., w,) that satisfy

N
o> w=
i=1

0 Each asset A, has the following characteristics:
O Return: 7; (random variable)
O Mean return:
O Variance and std. dev. of return: 0',.2,0',.
O Covariance with A;: 07
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Review: portfolio basics

Q The return of a portfolio is
N

rp =Zwi

i=l
Q The mean/expected return of a portfolio is

N
E(rp)zfp =lei’7i

Q The variance of a ponfoﬁo is

-]

2
=YYy o, =]

i=l j=1
2, —
Q Note:o; =07; Oy = P,;,-O';Gj
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Example 1: XYZ

Variance-Covariance
E(r)
X Y Z
X 15% 0.090 0.125 0.144
Y 10% 0.040 -0.036
Z 20% 0.625

0 What is the expected return and variance of a

portfolio of ...

a. (X, Y)with weights (0.4, 0.6)?
b. (X, Y, Z) with weights (0.2, 0.5, 0.3)?
c. (XY, Z)with weights (1/3, /3, 1/3)?
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Example 1: XYZ

0 What is the minimum possible variance of a portfolio

with only Y and Z?
Variance-Covariance
E(n
X Y z
X 15% 0.090 0.125 0.144
X 10% 0.040 -0.036
Z 20% 0.625
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Example 1: XYZ

Q Answer:

a. E(r,)=12%;02 =0.08880;0, =29.80%
b. E(r,)=14%;02 =0.10133;0, =31.83%

¢. E(r,)=15%;02=0.13567;0, =36.83%
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Example 1: XYZ

Q Answer:
Let (w, 1-w ) be the weights for (Y, Z), then
arg min|y? -0.04 +2w(1 - w)(=0.036)+ (1 - w)? -0.625]
m] Firs“vc-order condition:
2w-0.04+2(1-2w)-0.036)-2(1-w)-0.625 =0
w' =0.8969

Q The minimum variance portfolio is
(0.8969,0.1031)
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Example 2: diversification

Q Suppose that your portfolio consists of N equally
weighted identical assets in the market, each of

which has the following properties:
O Mean = 15%
O Std dev = 20%
O Covariance with any other asset = 0.01

0 What is the expected return and std dev of return of

your portfolio if...
ON=2?

ON=5?

ON=10?

O N =o0?
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Example 2: diversification
Q Answer:
ON=2:
Elr,)=15%;02 =0.0250;0, =15.81%
E(r,)=15%;02 =0.0160;0, =12.65%
ON-=10:
E(r,)=15%;0% =0.0130;0, =11.40%
O N =oc0:
E(r,)=15%;02 =0.0100;0, =10.00%
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Example 2: diversification

Q Answer:
O Expected return

E(rp)=2%-0.15=0.15

O Variance

J( )_i(j;\?:
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i=1

_0.04 [
N

N 001 0.22

ZZ ( ] +N(V-1)
i=l j#i

1—1)001 0.01+ 0.05
N

Example 2: diversification
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Review: diversification

20%
18% '. ;
16% 4
2t
12%
10% =

8% 1

6% :

4%

Standard Deviation of Return

2%

o%
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Review: efficient frontier

14

O p=1
perfectly correlated
no risk reduction potential
0O -1<p<1
imperfectly correlated
some risk reduction potential
Q p=-1
perfectly negatively correlated
most risk reduction potential

0 2z & & 8 13 12 14 16 18 20
Standard Deviation (%)
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Review: efficient frontier

0 Given two assets, we can form portfolios with
weights (w, 1-w). As we vary w, we can plot the path
of the mean return and standard deviation of
return of the resulting portfolio.

O The shape of the path depends on the correlation
between the two assets.

0 When the correlation is low, a large portion of asset
return variation comes from idiosyncratic risk that
can be diversified away.
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Review: efficient frontier

O We can repeat the previous exercise for N assets:
Eln

Efficlent Frontler &

e g Individual

Global

. Minimurn- LI, -
Variance Miri
Portfolio inimum-Variance Frontier
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Review: efficient frontier

O The efficient frontier can be described by a function
a*(r,), which minimizes the portfolio std dev given

an expected return:
N

. N N Z w; =1
= i=1

2 (p)_rmx}l 2 2 ww,oy st IZN:
sl wr=r

i P

i=1
0 Analytical solution for a*(r,) is possible but difficult
to derive.
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Example 3: Sharpe ratio

O The Sharpe ratio measures the reward-risk tradeoff of an
asset or a portfolio. It is defined as

P=F,

o
Q The higher Sharpe ratio, the more desirable an asset / a

portfolio is. Suppose ry= 5%. What is the portfolio of (A, B)
with the highest Sharpe ratio?

COV-VAR
E(r)
A B
15% 0.090 0.015
B 10% 0.040
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Review: capital market line
Q Efficient frontier + risk-free asset = CML

MARKET PORTFOLIO

e EFFICIENT FRONTIER

EXPECTED RETURN

RISK-FREE ASSET

RISK
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Example 3: Sharpe ratio

O Answer:
WF, +( —w)rg =¥

maxS = max

Jw 2 ow(l-wlo , +(1-w) ol

O Method 1: grid search
1. Setupagridforw,eg., w=0,0.1,0.2,..,10
The finer the grid, the more accurate the result
2. Calculate the Sharpe ratio for each w
3. Find the maximum Sharpe ratio.
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Example 3: Sharpe ratio Example 3: Sharpe ratio

5 0.40
O Method 1: grid search .
038 i s
w 1-w r,=re a, S,
0.36 A :
o 1 0.0500 0.2000 0.2500 i
01 0.9 0.0550 0.1897 0.2899 0:34 w* =0.52
0.2 0.8 0.0600 0.1844 0.3254 0.32 1 E(r) =12.60%
0.3 0.7 0.0650 0.1844 0.3525 o504 | 0 =20.26%
il Max 5 =0.3752
0.4 0.6 0.0700 0.1897 0.3689 028
0.5 0.5 0.0750 0.2000 0.3750 :
0.6 0.4 0.0800 0.2145 0.3730 it
0.7 0.3 0.0850 0.2324 0.3658 %k ]
0.8 0.2 0.0900 0.2530 0.3558 0.22 4 i
0.9 0.1 0.0950 0.2757 0.3446 0.20 = . . : - ; y .
1 o] 0.1000 0.3000 0.3333 [ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Example 3: Sharpe ratio Example 3: Sharpe ratio
O Method 2: Excel Solver O Method 2: Excel Solver dialog
A B I c l ) l E | Solver ver Param -
1 E()  AssetA AssetB S -
B B SetTarget Cell: i S los e _
2 =b3 =b4 SEs7 Equal To: @ Max| @IMn ) valueof:
3 Asset A 0.15 0.09 0.015 j ¥ Chanoing Cels; =
4 AssetB | =1-B3 0.1 0.015 0.04 Equal To: bl
5 Max Subject to the Constraints:
6 r,=ry o, £ S By Changing Cell:
7 =f =g | =Dz | sBs3
f: SUMPRODUCT(B3:B4, C3:C4) —0.05
g: SQRT(B3*D2*D3+B3*E2*E3+B4*D2*D4+B4*E2%Ey)
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Example 3: Sharpe ratio

0 Method 2: Excel Solver

A B | ¢ [ o | E |
1 E(r) Asset A AssetB
2 0.52 0.48
3 Asset A 0.52 0.15 0.09 0.015
4 Asset B 0.48 0.1 0.015 0.04
5
6 r,=rg g, S
7 0.076  0.202583 E0.375:|.54
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Example 3: Sharpe ratio

Q Method 3: anal'ytical solution

O Result only:
The general solution for the 2-asset Sharpe ratio
maximization problem is

i (FA_rf)o-;_(Ef_rf)o-AB
(FA _rf)(U; _GABJ+(’_'3 _rf)(o-j "0',43)
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Example 3: Sharpe ratio

O Method 3: analytical solution
O Full derivation:
as E-m)ol) -2 @) wat+20-2w), -20- w3, -1, )
£ =
_Cdvair - wla +owfal)- (ol +0-2w), -

Ul

(1- \w)o'_,Xur‘ (1- u)r,,—rl]

=

(7, —r,iwcr +20{l=wa g +(1=w)al)-(wo +(1=2w)e — (1wt v, + (1w}, =1, )
(r -r,lwc",i-lw{l w}o‘u+(l \n)a’) (wcr,f (1 2w)a‘, (l w)o",xw(r,‘ r,]+r, r,.)
(7, -r,Xwa“ 1- W)G,) (wo' +(1-2w)a e = (1- w)o',x, r,)
[( ) UAl""JI":"}] [(" rXal "u] (‘T lgu"'“nx"n"r)]""
[("4 '})" (’x ’f)" ]‘*‘[’ rflﬂ.-m )+ G- ".rx" et )]“’

(’4"1}"': (’r"'})"u

R = ey T oy =y

=

=0.
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Example 4: efficient frontier

O Given the risky assets A and B in the previous
question, what is the efficient frontier?

COV-VAR
E(r)
A B
A 15% 0.090 0.015
B 10% 0.040

O Given 5% risk-free rate, what is the capital market
line?
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Example 4: efficient frontier

O Table from the previous question:

w 1-w r, a

p P

o 1 0.1000 0.2000
0.1 0.9 0.1050 0.1897
0.2 0.8 0.1100 0.1844
0.3 0.7 0.1150 0.1844
0.4 0.6 0.1200 0.1897
0.5 0.5 0.1250 0.2000
0.6 0.4 0.1300 0.2145
0.7 0.3 0.1350 0.2324
0.8 0.2 0.1400 0.2530
0.9 0.1 0.1450 0.2757

1 o 0.1500 0.3000
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Example 4: efficient frontier

Q Capital market line:

0.6 -

Tangency portfolio:
one | |W=052

s E(r) =12.60%

0 =20.26%
0:id Max S =0.3752
0.10
0.08

CML is the line passing through (o, 0.05) and
S tangent to the efficient frontier.
0.04 g v T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
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Example 4: efficient frontier

Q Scatter plot of (r, 0,) pairs:

0.16 i
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Example 4: efficient frontier

Q The moral of the story:

O The CML is tangent to the efficient frontier at the
tangency portfolio.

O The tangency portfolio is the portfolio of risky assets that
maximizes the Sharpe ratio.

O The slope of the CML is the maximum Sharpe ratio.

O Rational investors always hold a combination of the
tangency portfolio and the risk-free asset. The
proportion depends on investors’ risk preferences.

2010/ Yichuan Liv 2



Sneak Peak: CAPM

O The tangency portfolio is the market portfolio.

O An asset’s systematic risk is measured by beta, which
is defined as the correlation of its return and the
market return, normalized by the variance of market

return :
O-im

ﬁs:?

m

Q Since investors are only compensated for systematic
risk, asset return is an increasing function of beta:

E(E)z"f"' f(;f_"f)
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16.401

15.401 Finance Theory |

Craig Stephenson

MIT Sloan School of Management

Lecture 9: Capital Asset Pricing Model
(CAPM)

Key concepts 15.401 Lecture 9: CAPM

Lecture Notes

Introduction 15.401 Lecture 8: CAPM

The market portfolio

Derivation of CAPM

Implications of CAPM

Understanding risk and return in CAPM
Empirical tests of CAPM

Extensions of CAPM

Readings:
Brealey, Myers and Allen, Chapter 7, 8
Bodie, Kane and Markus, Chapter 9

Portfolio theory analyzes investors' asset demand given asset returns.
1. Diversify to eliminate non-systematic risk.

2. Hold only the risk-free asset and the tangent portfolio.

How does investors' asset demand determine the relation between
assets' risk and return in a market equilibrium?

A model to price risky assets:

Lecture Notes 2

The market portfolio 15.401 Lecture 9: CAPM

Lecture Notes

The market portfolio is the portfolio of all risky assets traded in the
market.

A total of n risky assets. The market capitalization of asset i is

MCAP, = (price per share), x (#of shares outstanding),

The total market capitalization of all risky assets is

MCAP, = z MCAP,
i=1
The market portfolio has the following portfolio weights:
MCAP,  MCAP,

}fvr. = " =
2., MCAP, MCAP,

We denote the market portfolio by w,,

Lecture Notes 4



Derivation of CAPM 15.401

Lecture 9: CAPM

Derivation of CAPM 15.401 Lecture 9: CAPM

Starting point:
Investors agree on the distribution of asset returns
Investors hold efficient frontier portfolios
There is a risk-free asset:
{2 paying interest rate 1
* in zero net supply
Demand of assets equals supply in equilibrium

Implications:

1. Every investor puts their money into two baskets:
- the riskless asset
- A single portfolio of risky assets, the tangent portfolio

2. All investors hold the risky assets in same proportions
- they hold the same risky portfolio, the tangent portfolio

3. The tangent portfolio Is the market portfoliol

In equilibrium, total asset holdings of all investors must equal the total
supply of assets.

Example. There are only three risky assets, A, B and C. Suppose that
the tangent portfolio is

w, = (W, , Wy, W) =(0.25,0.50,0.25)

There are only three investors in the economy, 1, 2 and 3, with total
wealth of 500, 1000, 1500 billion dollars, respectively. Their asset
holdings (in billions of dollars) are:

Lecture Notes

Derivation of CAPM 15.401

In equilibrium, the total dollar holding of each asset must equal its

market value:

Market capitalization of A = $750 billion
Market capitalization of B = $1500 billion
$750 billion

Market capitalization of C =
The total market capitalization is
$750 + $1500 + $750 = $3,000 billion
The market portfolio is the tangent portfolio:

W, = (ﬁ 1500 750 )=(o.25, 0.50, 0.25) = wy

3000, 3000, 3000

The market portfolio is the tangent portfolio!

Investor | Riskless A B C
1 100 100 200 100
2 200 200 400 200
3 -300 450 900 450
Total 0 750 1500 750
5 Lecture Notes
Lecture 9: CAPM Derivation of CAPM 15.401 Lecture 9: CAPM

5.00

450

4.00

5] [
o o
& <

Return (%, per month)
[
o
&

Efficiency kontier

Lecture Notes

4.0 5.0
Standard Deviation (%, per menth)

6.0

890
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The CAPM 15.401 Lecture 9: CAPM

The CAPM 15.401

Lecture 9: CAPM

The marginal contribution of asset i to the market portfolio:
return: r; -
risk: Oy /Oy

For the market portfolio to be optimal, the return-to-risk ratio (RRR)
of all risky assets must be the same:

RRR, = A T RRR=RRR,, = =ty
(O oy) Ty

4

Intuition: The RRR of a frontier portfolio cannot be improved.

5.00

4.50

Efficiency frontier

¢.c 1o 2.0 3.0 4.0 50

6.0 7.0 8.0

Standard Deviation (%, per month)

Lecture Notes

Examples of Betas 15.401

Lecture 9: CAPM

10

Lecture Notes 9
The CAPM 15.401 Lecture 9: CAPM
Re-writing
Vi—1Ig _ M —1Ig
(o /o)) oy
we have

= o - _
ri—re =—85(rm —rg) =By (ru = ry)
M

where
B =0 O3
is the beta of asset i with respect to the market portfolio.
This is the CAPM:
B.,, gives a measure of asset i's systematic risk
ru -1, gives the premium per unit of systematic risk
u The risk premium of an asset equals its systematic risk ( 5. )

times the premium per unit of the risk ( i -7 )

To the right are some beta

-

Battle Mountain Gold Company

Lecture Notes 1

. Boeing Corporation
estimates as examples Bristol-Myers Squibb %
=+ California Water Company A5
produced by Bloomberg, Calerpillr . )
. Coca-Cola 95
Merrill Lynch, and Yahoo! e, 3%
i Exxon Corporation 65
Finance The Gap, Inc, 145
General Electric 1.15
=¥ Harley-Davidson 1.65
. =5 ldaho Power Company 65
Why do the companies Intel Corporation . 135
' . Kanfman & Broad Home 1.65
indicated by arrows have a Yollogi o
i wp Murrill Lynch & Company 190
]OW or hlgh beta? Cshkosh B'Gash {clothing mfg.) 60
=+ Oulback Steakhouse 210
Procter & Gamble 1.05
Ralston Purina 0
What beta do you expect for el P
H Tootsie Roll Industries 75
a cinema? Toys '8 Us e
Western Digital 185
Lecture Notes 12



Security Market Line (SML) 15.401 Lecture 9: CAPM

The relation between an asset's premium and its market beta is
called the Security Market Line (SML).

g Security Market Line (SML)

SML

r—— £
‘ ra—rp

B Bu=1 ;

Given an asset's beta, we can determine its expected return.

Lecture Notes 13

Risk and return in CAPM 15.401 Lecture 9: CAPM

SML and CML 15.401

The Capital Market Line and the Security Market Line:

The Capilial
Maiko! Line
Expecled
alum
Tho Makol

Expected Tho Sacurly
Relumn Markel Lino

w.éutl!y,lﬂ
1 o

Example. Suppose that CAPM holds. The expected market return is
14% and T-bill rate is 5%.

1. What should be the expected return on a stock with 5= 07
2. What should be the expected return on a stock with =17

3. What should be the expected return on a portfolio made up of
50% T-bills and 50% market portfolio?

4. What should be expected return on stock with 8= -0.67

7 =0.05+(=0.6)(0.14—0.05) = —0.4%

How can this be?

Slandard Deviatlon fa ] B
By
Slope of the Capital
Markel Line Is Slope of the Securily
Efg,]-r Markal Line Is

M T

Oy E[ryl-%

Lecture Notes 14
Risk and return in CAPM 15.401 Lecture 9: CAPM

Lecture Notes 15

We can decompose an asset's return into three pieces:

Fi—tp =+ By (P — 1) + &

+E[x]=0

* Cov[7y,s1=0.

So there are three characteristics of an asset's returns:

@ Beta
@ Sigma=SD (&)
@ Alpha

> EfR) =8 + Jil E(0)-8

2 ("9‘,
Lecture Notes ﬁ - OT'; - 5’}%L {9 m@/

Om

H dos mariey



Beta 15.401 Lecture 9: CAPM

ri -1 =0, +;M 1)+ &

@ Beta measures an asset's systematic risk.

Two assets with same total volatility but different betas

arsed bals « 0.3 nunet buts w 1 3

H 2
s s P
£ L
i ' -,
g o8 e ! as)
P £y o o e
a3 . g -a3
o4 o8 as 1 "2 c4 o8 as 1 12
market rewn kst rewn

Market premium = 8%, market volatility = 25%, asset volatility = 40%.
Solid lines — asset returns. Dotled lines - market returns.

Sigma 15.401 Lecture 9: CAPM

Lecture Notes 17

Sigma 15.401 Lecture 9: CAPM

r —-r. =g, +,B,-M(;M —rF)

@ An asset's sigma measures its non-systematic risk.

Two assets with same total volatility but different betas

wuset Datu w 0.2

ek Beta = 1.2

s e
\ i Frat
i r :
' M A A A WIPRVA LY
" 5 P VY
§ o L] . e o
s % Ia & h o
B AN i LV 2 1 A o )
ofy v ) ORI ofi M A AN T
L Gl AT o AN =
Y ] wo g o8} 1 i [} e
-3 20 30 40 o 0 3G 40
Wrmve w-my

Market premium = 8%, market volatility = 25%, assel volatility = 40%.Solid lines — assel returns, Dotted lines —
market relurns. Dash-dot lines — market component. Dashed lines - idiosyncratic compenent

Example. Two assets with the same total risk can have very different
systematic risks.

Suppose that o, =20%

Lecture Notes 18

Alpha 15.401 Lecture 9: CAPM

Stock| Business Market beta | Residual variance
1 Steel 1.5 0.10
2 Software 0.5 0.18

o} = B0l +of =(1.5)*(0.2)* +0.10=0.19

o; =B oy +o;. =(0.5)(0.2)* +0.18 =0.19
Percentage of systemic risk:

Ro (1.5)%(0.2)*

=47%
' 0.19 ’
0.5)2 (0.2)2
RI= (—- =5%
1 0.19 ’
Lecture Notes 19

ri=re A B (o —1e) + i

® According to CAPM, alpha should be zero for all assets

#® Alpha measures an asset's return in excess of its risk-adjusted
award according to CAPM

What to do with an asset with a positive alpha?
Check estimation error
Past value of a may not predict its future value

® Positive a may be compensating for other risks

Lecture Notes 20



Real Life Example: AT&T 15.401 Lecture 9: CAPM

AT&T vs SP500 15.401 Lecture 9: CAPM

Take 15 years (1995-2010) of monthly data on AT&T returns,
S&P 500 returns and 1 month US interest rates.

Construct excess returns
Run the regression, for instance using Excel:
- apply Tools, Add-ins, Analysis ToolPak
- use Tools, Data Analysis, Regression
The result is in the spreadsheet "Beta_Regression_ATT.xIs"

Excel Regression output:

Coefficients StandardErr  t Stat P-value | Lower 95% Upper 95%
Intercept -0.001 0.005 -0.112 0.798 -0.011 0.009
X Variable 0.740 0.106 6.981 0.000 0.535 0.967
Lecture Notes 21
Applications of CAPM 15.401 Lecture 8: CAPM

AT&Tvs Marljcg‘t (1/1994--3/2010)

Example. Required rates of return on IBM and Dell
1. Use the value-weighted stock portfolio as a proxy for M.

2. Regress historic returns of IBM and Dell on the returns on the
value-weighted portfolio. Suppose the beta estimates are

Bimyvw =073 and Sopeivw = 1.63.

3. Use historic excess returns on the value weighted portfolio to
estimated average market premium: 7 = yyw -7, =8.6%

Y

. Obtain the current riskless rate. Suppose it is 7 =4%
. Applying CAPM: 7y = Ye + Bvvw (rvw —¥p)

= 0.04 +(0.73)(0.086) = 0.1028
The expected rate of return on IBM (under CAPM) is 10.28%.
Similarly, the expected rate of return on Dell is 18.02%.

[4)}

E *
:
£
8 .
g
; Fy « Actual AT&T
e R ok " A '&.o N 4 5% Predicted ATET
. *, AT T ¥,
. .. ot-:ﬁf L
o * * * *
L ‘e b .
.
* . - E
* -20% E *
]
-30% |
o US Stock
Market Excess Return
Lecture Notes 22
Empirical evaluation of CAPM 15.401 Lecture 9: CAPM

Lecture Notes 23

1 Long-run average returns are significantly related to beta:

Average risk premium,
1931-1991, percent

30}
25k Market
line
20+
53 iy R
Investor 1 3 SME-;a Investor 10
10} T KN
i 4 Market
sk portfolio
2 : L . L ! L L Partfolio
2 4 6 B 100 N2 34 N6 beta

(Source: Fisher Black, ""Beta and return," Journal of Portfolio Management, 1993, 20(1), 8-18)
Dots show actual average risk premiums from portfolios with different betas.
high beta portfolios generated higher average returns
high beta portfolios fall below SML
low beta portfolios land above SML
a line fitted to the 10 portfolios would be flatter than SML

Lecture Notes 25



Empirical evaluation of CAPM 15.401

Lecture 8: CAPM

2. Factors other than beta seem important in pricing assets:

Aeage R, DErCEn
e

»~ {
| |
|

|

i

|

Ve ageIenen, B

Lirgert \owan gnet s

Source: G. Fama and K. French, " The Cross-Section of Expected Stock Returns" (1992).

Since the mid-1960s:
Small stocks outperformed large stocks

Stocks with low ratios of market-to-book value outperformed
stocks with high ratios

The Value "Anomaly" in detail 15.401

Lecture 9: CAPM

] Company i ¢ Mariat-toce

Lecture Notes 26

The CAPM is Dead! 15.401 Lecture 9: CAPM

Group all stocks each year in 10 portfolios, sorted on
their Book-to-Market ratio (=BM deciles)

Average returns 1/1963-12/2009 data (564 months):
- 10t B/M decile: avg. annual return = 16.38%,
- 1st B/M decile: avg. annual return = 10.10%,
- Value spread = 16.38 - 10.10 = 6.37% per year

CAPM Alpha 1/1963-12/2009 (564 months):
- 101 B/M decile (value stocks): a =5.57%
- 1st B/M decile (growth stocks): a =-1.86%

If you were a hedge fund manager what would you do?

Fama-French Book-to-Market Portfolios,1/1963-12/2009

Avefage Excess Retuins
w

Betas

Lecture Notes

Fama-French Three-Factor Model ~ 15.401

27

Lecture 9: CAPM

Lecture Notes 28

Fama and French (1993) argue that this evidence is not
inconsistent with the Efficient Market Hypothesis (EMH).

Rather, it indicates that there is more than 1 source of systematic
risk (exposure to market)

They add 2 new sources of systematic risk:
- Size factor Rgyg: return on a portfolio that goes long big stocks
and short small stocks
- Value factor Ry, : return on a portfolio that goes long high B/M
stocks and short low B/M stocks

Lecture Notes
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Fama-French Three-Factor Model 15.401 Lecture 9: CAPM

Extensions of CAPM -~ APT 15.401 Lecture 9: CAPM

Augmented SML:
E(R)-R:=B,[E(Rw)-R+B sE(Rsma)+ PrE(Ram)

This model does explain returns on BM portfolios:
- Superior fit: R2 goes from 25% to 75%
- Alpha’s no longer different from zero

Broader lesson: Testing EMH is plagued by a joint-test
issue: Is the market truly inefficient or are you missing
important sources of systematic risk?

We can extend the market-risk model to include multiple risks:
i -1 =@, +bIM(;M - rF)+---+b,.N(;~ —F)t Ui
where
ru and ry represent common risk factors
by, andb, define asset i's exposure to risk factors
u; Is part of asset i's risk unrelated to risk factors.
We then have

Vi—te = b,-M(;M =)+t b,.N(;N —1z)

where
T ~r,. is the premium on factor k
b, is asset i's loading of factor k
This model is called the Arbitrage Pricing Theory (APT) (Steve Ross)
/_\
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Extensions of CAPM - APT 15.401 Lecture 8: CAPM

Lecture Notes 31

Extensions of CAPM — APT 15.401 Lecture 9: CAPM

Example. Suppose that there are two priced factors represented by:

return on the market portfolio 1.,

return on Treasury bond portfolio ry

Fp =By, (P —13) + by (v = 1) + i
Suppose that r — -
5% 8% 2%
APT implies that an asset's risk premium is given by
Fi -l = bjM(;M 1)+ '+b,.N(?_'N ~1g)

Suppose for assets A, B and C, we have

Asset| b, b

N
A 1.0 1.0
B 1.5 0.2
C 1.0 0.6

APT implies that individual assets have to offer returns of:
ra 0.05 + (1.0)(0.08) + (1.0)(0.02) = 15.0%
0.05 + (1.5)(0.08) + (0.2)(0.02) = 17.4%
0.05 + (1.0)(0.08) + (0.6)(0.02) = 14.2%

rs

re

Suppose that r+ was instead 10% (and it has only factor risks).
We would then have an arbitrage:
a) Buy $100 of market portfolio
b) Buy $100 of bond portfolio
c) Sell $100 of asset A
d) Sell $100 of risk-free asset.
This portfolio has the following characteristics:
requires zero initial investment (an arbitrage portfolio)
bears no factor risk (and no idiosyncratic risk)
pays (13 + 7 — 10 - 5) = $5 surely
Thus, in absence of arbitrage, APT holds (hence its name)

Lecture Notes . 32
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Implementatéon of APT 15.401 Lecture 9: CAPM Securities Research 15.401 Lecture 9;: CAPM

The implementation of APT involves three steps: Implications from EMH for Securities Research:
1. Identify the factors - Why should | ever be a securities analyst?
2. Estimate factor loadings of assets - Do mutual fund managers who actively manage their portfolio (as

opposed to holding a passive index) earn abnormal returns? Sadly

3. Estimate factor premium(s) not (as a group) ...

Strength and Weaknesses of APT

1. The model gives a reasonable description of return and risk Often, It Pays to Index
Porcent of Actively Managod Largoe-Cop
Funde that Boeat thoe S.& P S00

2. Model itself does not say what the right factors are

ol
. A H(’/
Differences between APT and CAPM T T
APT is based on the factor model of returns and “arbitrage” ﬁﬁﬁ .........
CAPM is based on investors' portfolio demand and equilibrium e
Boarce Standant & Poors *Trrough Sopat. 20
Lecture Notes 34 Lecture Notes 35

Key concepts 15.401 Lecture 9: CAPM

The market portfolio

Derivation of CAPM

Implications of CAPM

Understanding risk and return in CAPM
Empirical tests of CAPM

Extensions of CAPM

Lecture Notes 36
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Finance Theory |
Craig Stephenson

MIT Sloan School of Management

15.401
Spring 2011

Problem Set 6: Portfolio Theory
(Due: Monday, April 25th, at 5:00 p.m.)

Unless specified as an “Excel Problem”, all of these problems can (and should) be solved with a pencil,
paper and a simple calculator. Do not use Excel (except to check your work, if you want). Show your work
cleanly and write out the formulas that you used to solve the problems. Circle your final answers.

Problem 1

Suppose there are two assets, asset A and asset B, with the assets’ mean returns and variances given
by:

E[r] o
Asset A 10% (0.15)°
Asset B 12% (0.10)°

And the assets have a correlation of p = 0.2.

1. If you could only hold either one of the assets but not both, which asset would you pick?

2. Calculate the portfolio mean return and standard deviation for weights from wy = 0.0 to w4y =1.0in
increments of w of 1/5 = 0.2. Draw the frontier in the (op, E [r2]) graph (i.e. o, on the horizontal axis, and E
[re] on the vertical axis). A

3. Will anyone ever hold asset $? If so, why? (HINT: think about an investor who does not want more
than 9.5% standard deviation) o sl
(odun

Problem 2

Suppose there are 3 assets in the economy, assets 1, 2 and 3, with the assets’ variances and
covariances given by:

Variance/Covariance Asset 1 Asset 2 Asset 3
Asset 1 (0.1)° 0.012 0.0045
Asset 2 0.012 (0.2)° -0.003
Asset 3 0.0045 -0.003 (0.15)°

1. What are the standard deviations o4, 0, and 037

2. What are the correlations p42, p13 and p42?

3. What is the portfolio standard deviation of a portfolio with weight of 0.2 in the risk-free asset and

weights 0.2, 0.4, 0.2, in the assets 1, 2 and 3 respectively?




Problem 3

Suppose there are two assets A and B with returns and variances given by:

E[r] o’
Asset A 15% (0.15)°
Asset B 12% (0.10)°

Suppose further that the assets have perfect negative correlation, p = —1.

1. Write out the variance of the portfolio, °s, with weights w and (1-w) -> there is no investment in the
risk-free asset. Use the quadratic formula (a—b)? = a*+b*~2ab to simplify.

2. Using the simplification from part 1, what is the lowest variance any portfolio consisting of A and B can
achieve? What weights w and (1-w) would give this variance?

3. Given your result from part 2, would you ever want to invest in a risk-free bond with expected return of
5%7? Explain.

Problem 4

Suppose there are two countries, Country X and Country Y. Each consists of a very large number of
stocks. Stocks in X return on average 8%, have a standard deviation of 35%, and the common
correlation between stocks in Country X is py = 0.49. Stocks in Y return on average 10%, have a
standard deviation of 30%, and the common correlation between stocks in Country Y is py = 0.64.

1. Suppose that stocks from X and stocks from Y have a correlation of zero, that is pxy = 0. Suppose you
invest equally in only one stock from X and one stock from Y. What is the mean and standard deviation of
this portfolio?

2. Consider only investing in stocks of country X. Given the common correlation, what is the variance of
an equally weighted portfolio consisting of n stocks when n becomes very large (i.e. n = infinity)? What is
its expected return?

3. Consider only investing in stocks of country Y. Given the common correlation, what is the variance of
an equally weighted portfolio consisting of n stocks when n becomes very large (i.e. n = infinity)? What is
its expected return? .

4. Suppose now that you invest equally in country X and Y, but unlike in part 1, in each country you invest
equally in a very large number of stocks. That is, take the resulting portfolios from parts 2 and 3 as your
building block assets, and invest equally in the two. What is the new portfolio’s expected return and
variance?
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Problem Set 6 Solutions
15.401

Problem #1 Data

E(Ret) Std Dev Var

Asset A 0.1000 0.1500 0.0225

Asset B 0.1200 0.1000 0.0100

Correlation (A,B) 0.2000

Covariance (A,B) 0.0030

Probiem #1 - Part 2 Solution

Portfolio Returns & Std Dev
Weight Asset A 0.00 0.20 0.40 0.60 0.80 1.00
Weight Asset B 1.00 0.80 0.60 0.40 0.20 0.00
E(Ret) 0.1200 0.1160 0.1120 0.1080 0.1040 0.1000
Variance 0.0100 0.0083 0.0086 0.0111 0.0158 0.0225
Std Dev 0.1000 0.0909 0.0930 0.1055 0.1255 0.1500

Iat -+ (

E(Return of Portfolio) |

DA | T

J

L
I Standard Deviation of the Portfolio, op  /

YN I3 2
Problem #1 - Part 3 Solution

Yes, investors will still want to hold Asset A, in spite of Asset B being superior in isolation. Holding
Asset A allows investors to reduce the risk, standard deviation of the portfolio below the 10% o

of Asset A alone. With the correlation between the 2 assets equal ot 0.20, holding A with B
significantly reduces the standard deviation of the portfolio; well below the desired 9.5%.
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DIRECTIONS.

12.7A

PLEASE INPUT THE VALUES IN THE CORRESPONDING TABLE TO REFLECT THE
TWO RISKY ASSETS. ALL VALUES SHOULD BE IN DECIMAL FORM,
IF CELLS COME OUT RED, THEN THERE IS AN INCORRECT VALUE.

ASSET NAME EXPECTED RETURN |[STANDARD DEVIATION RISK FREE RATE | 0O

ASSET A 0.15 0.15 RISK FREE % OF PORTFOLIO 0O

ASSET B 0.12 0.1 CORRELATION BETWEEN STOCKS -1
RESULTS!

Expected Return vs Standard Deviation

16.0%

o

14.0%
12.0%

10.0%

8.0%

6.0%

Expected Return

4.0%

2.0%

0.0%
0.0% 10.0% 20.0% 30.0%
Standard Deviation

40.0% 50.0%

’ ”m”w%m”“ Tangency Portfolio
B Weight in Asset A 40.0%
Weight in Asset B 60.0%
OPTIMAL SOLUTION:
EXP RETURN 0.1320
STD DEV 0.0000
RISK FREE EQUATION=
0 -4 #DIV/0! (Sig)
OPTIMAL PORTFOLIO
Weight in Riskless Asset 0.0%
Weight in Asset A 40.0%
Weight in Asset B 60.0%
Total 100.0%
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15.401 — CAPM - April 25, 2011

Now that we've use 5 years of monthly stock markets returns data to calculate a beta coefficient
of 1.06 for the Walt Disney Company, here are Disney betas from other sources, as well as beta
coefficients for many firms in different industries (data pulled 4-24-2011):

Disney (Market Edge Research) 1.06
Disney (Thomson Reuters) 1.05
Disney (First Call) 1.10
Disney (Standard & Poor’s) 1.11
PepsiCo 0.49 Coca Cola 0.55
Hewlett Packard 0.97 Apple 1.01
IBM 0.80 EMC 1.09
Network Appliance  1.38 Micron Technology 1.95
Ford Motor Co. 1.48
Wal-Mart 0.41 Nordstrom 1.50
Colgate Palmolive 0.44 Proctor & Gamble 0.45
JP Morgan Chase 1.28 Bank of America 1.54
Citigroup 1.30
Toll Brothers 1071 ¢) Pulte Group 157
(

4 0100[4 bo htcﬂef

Vail Resorts 1.58 Marriott 1.52
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Historical return and risk 15.401 Lecture 6: Intro to risk and return

1. Riskier assets on average earn higher returns

flesn (i ol for ot FS vews

\

At
R R

Sin MC{ :

" a4 don Inflation 3.08 4.20
V%L& P{,,LmTreasury Bills 3.81 3.13
US Gov. Bonds (10yr)  5.60 L el
US Corp. Bonds (AAA) 6.49 7.04
S&P 500 stocks 1374 20.52

S powg UL 74 <S40 =6.1¢

Source: Global Financial Data and WRDS, Annual returns, 1925-2009.
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15.401 Recitation
7: CAPM

Review: efficient frontier

From Portfolio Choice...

O The CML is tangent to the efficient frontier at the
tangency portfolio.

O The tangency portfolio is the portfolio of risky assets
that maximizes the Sharpe ratio.

O The slope of the CML is the maximum Sharpe ratio.

O Rational investors always hold a combination of the
tangency portfolio and the risk-free asset. The
proportion depends on investors' risk preferences.

2010 /Yichuan Liuv 3

Learning Objectives

O Review of Concepts
O CAPM
O Beta and SML
O Alpha

O Examples
O The frontier
O CML and SML

2010/ Yichuan Liv

Review: CAPM

0 Since each investor holds the tangency portfolio as
part of his/her overall portfolio, the market portfolio
must coincide with the tangency portfolio.

0 Idea of CAPM: the contribution of a single risky asset
to the risk of the market portfolio must be
proportional to its risk premium.

Q In other words, investors are compensated for
exposure to systematic risk.

0 Idiosyncratic risk is not compensated because they
can be diversified away.

2010 /Yichuan Liv
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Review: CAPM Review: SML

0O A measure of an asset’s systematic risk is its beta: Q Graphof 7 =7+ /5’,-(1’,,, —rf) in (beta, return) space is
e a straight line called the Security Market Line:
COV("}, f;n) LPinTi 9, g; 1+
ﬁf o ~ = 2 =Pm = SML
Var(r;ﬂ) O—ﬂ? m

Im

QO Core result of CAPM:

Fi=rj'+ﬁi(}7m—rj') /

Q Note: ,
Market portfolio: B8, =1 = #, =r,+(7, -7, ° ; :
Risk-free portfolio: B, =0 = 7, =7, +0-(7, —rf) O If CAPM holds, every asset must be on the SML.

Review: testing CAPM Review: portfolio beta and alpha

0O CAPM does not hold exactly O The beta of a portfolio is

Q The regression N

I =a',.+ﬁ‘.(};”-—f})+ E; g, =2W,ﬂ;
often give nonzero alpha. =

0O CAPM requires alpha to be zero for all assets O The alpha of a portfolio is

0 CAPM may fail if factors other than beta affect asset z
returns, such as a, = 2 wa,

O Fama-French factors: market (beta), size, and book-to- i=

market

2010 /Yichuan Liv 7 2010 | Yichuan Liu



Example 1: the frontier

Q The risk-free rate is 6%, the expected return on the
market portfolio is 14%, and the standard deviation
of the return on the market portfolio is 25%.
Consider a portfolio with expected return of 16%
and assume that it is on the efficient frontier.

a. What s the beta of this portfolio?
b. What is the composition of the portfolio?

12010/ Yichuan Liv

Example 2: CML and SML

0 Using the properties of the capital market line (CML)
and the security market line (SML), determine which
of the following scenarios are consistent or
inconsistent with the CAPM. Explain your answers.

O Let A and B denote arbitrary securities while Fand M

represent the riskless asset and the market portfolio
respectively.

2010 /Yichuan Liv

Example 1: the frontier

Q Answer:
a.  rn,=rg +,5',,(7,,, "’f)
0.16 = 0.06 + $3,(0.14 - 0.06)
B, =125

b. Since the portfolio is on the efficient frontier, itis a
combination of the risk-free asset (w) and the market
portfolio (1-w):

0.16 = 0.06w+0.14(1—w)
w=—-0.25

2010 [Yichuan Liu

Example 2: CML and SML

Q Scenario l:

Security E[R] B
A 25% 0.8
B 15% 1.2

Q Answer: inconsistent
Higher beta requires higher expected return

2010 [Yichuan Liv



Example 2: CML and SML

Q Scenario ll:

Security E[R] o[R]
A 25% 30%
M 15% 30%

0O Answer: inconsistent
A lies above the CML, which means that the market

portfolio is inefficient.

2010/ Yichuan Liv 13

Example 2: CML and SML

Q Scenario IV:

Security E[R] B
A 20% 1.5
E 5% 0
M 15% 1.0

Q Answer: consistent
Portfolio A lies on the SML

2010/ Yichuan Liv 15

Example 2: CML and SML

Q Scenario lll:

Security E[R] o[R]
A 25% 55%
F 5%  o%
M 15% 30%

Q Answer: inconsistent

A lies above the CML, which means that the market

portfolio is inefficient.

2010 [Yichuan Liu

Example 2: CML and SML

Q Scenario V:

Security E[R] B

A 35% 2.0
M 15% 1.0

O Answer: inconsistent

The implied risk-free rate would be negative if A lies

on the SML.

2010 [Yichuan Liv



15.401

Part D Introduction to
Corporate Finance

Chapter 10: Capital Budgeting

Introduction 15.401 Part D Intro to Corporate Finance

Lecture Notes

We have learned that:
Business decisions often reduce to valuation of assets / CFs
How to value assets using information from financial markets
How to adjust for risk

In this section of the course, we apply the valuation tools to corporate
financial decisions:
Investment decisions (capital budgeting)

15.401 Finance Theory |

Craig Stephenson

MIT Sloan Scheol of Management

Lecture 10: Capital Budgeting

Lecture Notes

Real options
Lecture Notes 2
Key concepts 15.401 Lecture 10: Capital budgeting
NPV rule

Cash flows from capital investments
Discount rates

Project interaction

Alternative capital budgeting rules
Real options

Readings:
Brealey, Myers and Allen, Chapters 5, 6, 9, 22

Lecture Notes 4 i\



NPV Rule 15.401 Lecture 10: Capital budgeting

NPV Rule 15.401 Lecture 10: Capital budgeting

A firm's business involves capital investments (capital budgeting),
e.g., the acquisition of real assets. The objective is to increase the
firm's current market value. The decision reduces to valuing real
assets, i.e., their cash flows.

Let the expected cash flow of an investment (a project) be:

{CF;),C]I;,...’CE}
Its current market value is:
NPV = CF;] +£+'”+i‘r
1+r1 (1+};)

This is the increase in the firm's market value by investing in the project

Investment Criteria:
For a single project, accept it if and only if its NPV is positive
For many independent projects, accept all those with positive NPV
For mutually exclusive projects, accept the one with positive and
highest NPV

In order to compute the NPV of a project, we need to analyze:
1. Cash flows,

2. Discount rates, and

3. Strategic options.

Lecture Notes 5

Cash flow calculations 15.401 Lecture 10: Capital budgeting

Lecture Notes 6

Cash flow calculations 15.401 Lecture 10: Capital budgeting

Main Points:
1. Use cash flows, not accounting earnings.
2. Use after-tax cash flows.
3. Use cash flows attributable to the project (compare firm value
with and without the project):
- Use incremental cash flows
- Forget sunk costs: bygones are bygones
- Include investment in working capital as a capital expenditure
- Include the opportunity cost of using existing facilities

In what follows, all cash flows are attributable to the project.
CF = [Project Cash Inflows] = [Project Cash Outflows]
= [Operating Revenues]
- [Operating Expenses without depreciation]
- [Capital Expenditures]
- [Taxes]
Defining operating profit by:
Operating Profit = Operating Revenues
- Operating Expenses w/o Depreciation
Let t be the “effective" tax rate. The income taxes paid are:
Taxes = (r )[Operating Profit] — (r ) x [Depreciation]
Accounting depreciation affects CF by reducing the firm's tax bill.

CF = (1= r)[Operating Profits] - [Capital Expenditures]
+ (r)[Depreciation]

Lecture Notes 7

Lecture Notes 8



Cash flow calculations 15.401 Lecture 10: Capital budgeting

Cash flow calculations 16.401 Lecture 10: Capital budgeting

Example. Accounting earnings vs. cash flows. A machine purchased
for $1,000,000 with a life of 10 years generates annual revenue of
$300,000 and operating expense of $100,000. Assume that the
machine will be depreciated over 10 years using straight-line
depreciation. The corporate tax rate is 40%.

Date Accounting Earnings Accounting Earnings Cash Flow After-tax
Before Tax After Tax
0 0 0 -1.000.000
1 300,000 - 100,000 - 100,000 = (1-0.4)(100,000) = (1-0.4) (300,000-100,000) +
100,000 60,000 40,000 = 160,000
2 100,000 60,000 160,000
3 100,000 60,000 160,000
4 100,000 60,000 160,000
5 100,000 60,000 160,000
6 100,000 60,000 160,000
7 100,000 60,000 160,000
8 100,000 60,000 160,000
9 100,000 60,000 160,000
10 100,000 60,000 160,000

Accounting earnings may not accurately reflect the actual CF timing.

Example. Use after-tax cash flows. Consider the following project
(the cash flow is in thousands of dollars and tax rate is 50%):

Lecture Notes 9

Cash flow calculations 15.401 Lecture 10: Capital budgeting

Year 0 1 2 3 4 5
Investment 500

Operating CF 0 100 300 300 300
- Depreciation 100 100 100 100 100
= Income -100 0 200 200 200
- Tax =50 Q 100 100 100
= After-tax CF -500 50 100 200 200 200
PV at 10% -500 4545 8264 150.26 136.60 124,18

NPV = + $39.15.
Lecture Notes 10
Cash flow calculations 15.401 Lecture 10: Capital budgeting

Typically, there are timing differences between the accounting
measure of earnings (Sales — Operating Costs) and cash flows.

Net Working Capital (NWC) = Inventory + A/R — A/P

Changes in Net Working Capital

Inventory: Cost of goods sold includes only the cost of items sold.
When inventory is rising, the cost of goods sold understates cash
outflows. When inventory is falling, cost of goods sold overstates
cash outflows.

Accounts Receivable (A/R): Accounting sales may reflect sales
that have not been paid for. Accounting sales understate cash
inflows if the company is receiving payment for sales in past
periods.

Accounts Payable (A/P) - conceptually the reverse of A/R, representing
payments to vendors. If the company is paying for goods or services
received in past periods, accounting costs understate cash outflows.

Example. You run a chain of stores that sell sweaters. This quarter,
you buy 1,000,000 sweaters at a price of $30.00 each. For the
next two quarters, you sell 500,000 sweaters each quarter for
$60.00 each. The corporate tax rate is 40%.

In million dollars, your cash flows are

Lecture Notes 11

Date " After Tax Profit ] Inventory | Cash Flow
0 0 (1)(80) = 30 -30
1 (0.5)(60-30)(1-0.4) =9 | (0.5)(30) =15 | (0.5)(60) - (0.5)(60-80)(0.4) = 24
2 (0.5)(60-30)(1-0.4) = 9 0 (0.5)(60) - (0.5)(60-30)(0.4) = 24
Note:
Cash flow = Profit (after tax) — Change in Inventory
Lecture Notes 12



Discount rates 15.401 Lecture 10: Capital budgeting

Discount rates 15.401 Lecture 10: Capital budgeting

So far, we have shown that:
A project's discount rate (required rate of return or cost of capital)
is the expected rate of return demanded by investors for the
project
Discount rate(s) in general depend on the timing and risk of the
project's cash flow(s)
Discount rates are usually different for different projects

It is in general incorrect to use a company-wide "cost of capital” to
discount cash flows of all projects

What is the required rate of return on a project?
Simple case: single discount rate can be used for all cash flows of
a project (the term structure of discount rates is flat)
General case: different discount rates for different cash flows
- the term structure of discount rates is not flat
- different pieces of cash flow at a given time have different risks

Lecture Notes 13

Discount rates 15.401 Lecture 10: Capital budgeting

Use CAPM to estimate cost of capital (discount rate)

A project's required rate of return is determined by the project beta:

'Fpl‘ojcct = 7T+ 6project (fM T TF)

What matters is the project beta, not the company betal
What if project beta is unknown?

- Find a comparable "pure-play" company and use its beta
- Find comparable projects and use their cash flows to estimate beta
- Use fundamental analysis and judgment to guesstimate beta

Example. Bloomberg, a provider of financial data and analytics, is
considering entering the publishing business (Bloomberg Press),
and must evaluate the NPV of the estimated cash flow from this
business. What cost of capital should it use for these NPV
calculations?

Bloomberg should not use its own beta to discount Bloomberg
Press cash flows

Bloomberg should use the beta of a publishing company (e.g.,
John Wiley & Sons)

What about using McGraw-Hill's beta?

Lecture Notes 15

Lecture Notes 14
Discount rates 15.401 Lecture 10: Capital budgeting
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BY CORE BUSINESS BY LOCATION OF CUSTOMER
't }.-’3_'1‘;,
"lﬁsr;% e i
AT Y 3 lﬁf{; :
3_}"/, ] 'pu}u-_:-la
erating ncome ($ Milians, acjusted) Stotk Price (NSESRA; 4730 cloting) Cinki

e

9 0000 T 0% 8 TR 08 AT o e T 0 T A I

Lecture Notes 16



Discount rates 15.401 Lecture 10: Capital budgeting

Putting things together 15.401 Lecture 10: Capital budgeting

Example (cont):
Beta of JW&S (from http://finance.yahoo.com): 0.80
Risk-free rate: 3%

Market risk premium: 6%

¥ project = ¥p + ﬂpmjecl (rM . rF)

¥ project = 0.03+0.80% 0.06 = 7.80%

Use judgment in interpreting and adjusting these estimates
Estimates are merely approximations!

How good is the approximation?

Example. MSW Inc. is considering the introduction of a new product:

Turbo-Widgets (TW).

TW were developed at an R&D cost of $1M over past 3 years

New machine to produce TW would cost $2M

New machine lasts for 15 years, with salvage value of $50,000

New machine can be depreciated linearly to $0 over 10 years

TW need to be painted; this can be done using excess capacity of the
painting machine, which currently runs at a cost of $30,000 (regardless of
how much it is used)

Operating costs: $40,000 per year

Sales: $400,000, but cannibalization would lead existing sales of regular
widgets to decrease by $20,000

Net Working Capital (NWC): $250,000 needed over the life of the project
Tax rate: 34%
Opportunity cost of capital: 10%

Should MSW go ahead to produce TW?

Lecture Notes 17

Putting things together 15.401 Lecture 10: Capital budgeting

Lecture Notes 18

Project Interaction 15.401 Lecture 10: Capital budgeting

. Initial investment includes capital expenditure and NWC
. R&D expense is a sunk cost

. Depreciation is $2M/10 = $0.2M for first 10 years

. Project should not be charged for painting-machine time

. Project should be charged for cannibalization of regular widget
sales

6. Salvage value is fully taxable since the book value at the end of
year 10 is $0 (the machine cost has been fully depreciated)

The cash flows (in thousand dollars) are

AW N =

Year | Cash Flow
0 - (2000%250) = -2250
1-10 | (400-40-20)(1-0.34) + (200)(0.34) = 292.4
1-14 (400-40-20)(1-0.34) = 224.4
15 224.4 + (50)(1-0.34) + 250 = 507.4
NPV = - $57,617.

Often we have to decide on more than one project.
For mutually independent projects, apply NPV rule to each project

For projects dependent on each other (e.g., mutually exclusive), we
have to compare their NPVs

Example. Potential demand for your product is projected to increase over
time. If you start the project early, your competitors will catch up with
you faster, by copying your idea. Your opportunity cost of capital is
10%. Denoting by FPV the project's NPV at the time of introduction,

we have:
Year to Start | FPV % Change in FPV NPV
1 100 . 91
2 120 20 99
3 138 15 104
4 149 8 102

Before year 4, the return to waiting is larger that the opportunity cost of
capital, 10%. As long as the growth rate of FPV remains below 10%

after year 4, it is best to wait and introduce at the end of year 3.

Lecture Notes 19
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Alternatives to NPV 15.401 Lecture 10: Capital budgeting

Payback Period 15.401 Lecture 10: Capital budgeting

In practice, investment rules other than NPV are also used:
Payback Period
Profitability Index (PI)
Internal Rate of Return (IRR)
And more ...

Firms use these rules because they were used historically and they
may have worked (in combination with common sense) in the
particular cases encountered by these firms.

These rules sometimes give the same answer as NPV, but in general
they do not. We should be aware of their shortcomings and use
NPV whenever possible.

The bottom line:

iThe NPV rule dominates the alternative rules.

Payback period is the minimum length of time s such that the sum of
net cash flows from a project becomes positive

CF, +CF, +-++CF, 2-CF, =1,

Decision Criterion Using Payback Period

For independent projects: Accept if s is less than or equal to some
fixed threshold t*.

For mutually exclusive projects: Among all the projects having
s s t*, accept the one that has the minimum payback period.

Example. Let t* = 3. Consider the two independent projects with the
following cash flows (in thousands):

ICFD CFi1 CF2 CFa CFs CFs CFs |f‘

Project 1 -100 20 40 30 10 40 60 4
Project 2 -100 10 10 80 5 10 10 3

Decision: Accept Project 2.

Lecture Notes 21

Payback period 15.401 Lecture 10: Capital budgeting

Lecture Notes 22

Internal rate of return (IRR) 15.401 Lecture 10: Capital budgeting

Payback period rule ignores cash flows after the payback period

It ignores the time value of money = discounting future cash flows

Example. (Cont) Suppose that the appropriate discount rate is a
constant 10% per period. Then

NPV, =39,315and NPV, =-7,270
But using the payback rule we accepted project 2 and not project 11

Taking into account appropriate discounting, we have the discounted
payback period, which is the minimum s so that
CF, CF, CF;
—+ et b
l+r (1+r) (1+r)°
where r is the discount rate (cost of capital). (It still ignores the cash
flows after the discounted payback period.)

0

A project’s internal rate of return (IRR) is the number that satisfies

0=CF, + Ch + 217! =4 CF,‘
(1+IRR)  (1+IRR) (1+IRR)

Decision Criterion Using IRR

For independent projects: Accept a project if its IRR is greater
than some fixed IRR*, the threshold rate.

For mutually exclusive projects: Among the projects having IRR's
greater than IRR* , accept the project with the highest IRR.

Lecture Notes 23
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Internal rate of return (IRR) 15.401

Lecture 10: Capital budgeting

Example. Consider the following mutually exclusive projects:
CF, CF,

| G/ CF, CFR, CF CF,

Project1 | -100 20 40 30 10 40
Project2 | -100 10 10 80 5 10

Then, IRR; =21% and IRR, = 7%.

IRR rule leads to the same decisions as NPV if

1. Cash outflow occurs only at time 0

2. Only one project is under consideration

3. Opportunity cost of capital is the same for all periods

4. Threshold rate is set equal to opportunity cost of capital

Lecture Notes
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Internal rate of return (IRR) 15.401 Lecture 10: Capital budgeting
| NPV of Project 1 -« -«--- NPV of Project 2| w
40 .
20 4
D .\h
0 0.02 0.04 TTTToreT 0.06

& .20 |
=

-40 4

-80 +

-80 L

Discount rate

Lecture Notes

27

Internal rate of return (IRR) 15.401 Lecture 10: Capital budgeting

1 Non-existence of IRR
| CFg CFy CFp

Project1 | -105 250 -150
Project 2 105 -250 150

No IRR exists for these two projects.

2. Multiple IRR's

| CFo CF1 CF2 CF3
Project1 | -500,000 1,575,000 -1,653,750 578,815
Project2 | -500,000 1,605,000 -1,716,900 612,040
4%
IRR; =7% and IRR =& 7%
10%
Lecture Notes 26
Internal rate of return (IRR) 15.401 Lecture 10: Capital budgeting

3. Project ranking using IRR for mutually exclusive projects:

a) Projects of different scale / size:
| CFo CF1 IRR NPV at 10%

Project1 | -10,000 20,000 100% 8,181.82
Project2 | -20,000 36,000 80% 12,727.27

A way around this problem is to use incremental CF:
See if lower investment (project 1) is a good idea
See if incremental investment (project 2) is a good idea.

CFo CFi  IRR NPV at 10%
Project 1 -10,000 20,000 100% 8,181.82
Project 2 20,000 36,000  80% 12,727.27
Project2-1 | -10,000 16,000 60% 4,545.45
b) Projects with different time patterns of cash flows:
CF, 00 CEL IR LN 4 5L st [IRR NPV at 10%
Project 1 90 60 50 40 0 0 - 330% 35.92
Project 2 90 18 18 18 18 18 - 20.0% 90.00
Project 2-1 0 42 32 -22 18 18 -  156% 54.08
Lecture Notes 28



Profitability index (Pl) 15.401

Lecture 10: Capital budgeting

Profitability index (PI) is the ratio of the present value of future cash
flows and the initial cost of a project:

Decision criterion using Pl
For independent projects: Accept all projects with Pl greater than
one (this is identical to the NPV rule)
For mutually exclusive projects: Among the projects with PI
greater than one, accept the project with the highest PI

Lecture Notes

Practice of capital budgeting 15.401
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Lecture 10: Capital budgeting

Comparison of Methods Used by Large U.S. and Multinational Firms

Profitability index 15.401 Lecture 10: Capital budgeting

Problems with Pl
Pl gives the same answer as NPV when
There is only one cash outflow, which is at time 0

Only one project is under consideration

Pl scales projects by their initial investments. The scaling can lead to
wrong answers in comparing mutually exclusive projects.

CFq CF, IRR NPV at 10% Pl at 10%
Project 1 -1,000 2,000 100% 818.18 1.82
Project 2 -2,000 3,600 80% 1,272.73 1.64
Project 2-1 -1,000 1,600 60% 454.55 1.45
Lecture Notes 30
Other issues 15.401 Lecture 10: Capital budgeting

Large U.S. Firms Multinationals
Percentage Using Use as Use as
Each Method Primary Method Secondary Method
Payback Period 57% 5.0% 37.6%
IRR 76% 65.3 14.6
NPV 75% 16.5 30.0
Other - 2.5 3.2
Historical Comparison of Primary use of
Various Capital Budgeting Techniques
1959 1964 1970 1975 1977 1879 1981
Payback Period 34% 24% 12% 15% 9% 10%  5.0%
IRR 19 38 57 37 54 60 65.3
NPV ~ - H 26 10 14 16.5
IRR or NPV 19 38 57 63 64 74 81.8

Source: S. Ross, R. Westerfield, and B. Jordon, Fundamentals of Corporate Finance,
McGraw-Hill Irwin, 2010, 9" ed.

Lecture Notes
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1 Competitive Response:
B CF forecasts should consider the responses of competitors

2. Capital Rationing

3. Sources of Positive-NPV Projects:
m Short-run competitive advantage (right place at right time)
B Long-run competitive advantage

- Patent

- Technology

- economies of scale, etc.
B Noise

Lecture Notes 32



Real options 15.401 Lecture 10: Capital budgeting

Real options 15.401 Lecture 10: Capital budgeting

In capital investment decisions, we often face situations involving
strategic options.

Common and important options in capital investments include:
The option to wait before investing
The option to make follow-up investments
The option to abandon a project
The option to vary output or production methods - modify/manage

Two key elements in strategic options and their valuation are:
1. New information arrives over time
2. Decisions can be made after receiving new information.

Example. Real options in follow-up projects. In 1980, MC Inc.
considers entering the PC business:

R&D has come up with model A --- a new PC model
Cash Flows of model A, if introduced, are as follows

1990 1991 1992 1993 1994 1995

Investment ($M) -450 -50 -100 -100 125 125
(R&D, plant, WC)

Operating CF ($M) 140 159 259 185

Net CF -450 90 59 159 310 125

NPV at 20% is -$46 million. However,
Development and production of model A would allow MC Inc. to
introduce model B in 1993 B
Expected CFs from model B are twice that of model A

In expectation, model B is a loser too
But there are scenarios in which model B really pays off

Lecture Notes 33

Real options 15.401 Lecture 10: Capital budgeting
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Real options 15.401 Lecture 10: Capital budgeting

Different Scenarios PV of model B ($M)

Benchmark scenario -92
Initial Investment reduced by 30% LR
Sales increase by 40% 368
Profit margin increases by 50% 302

Should MC Inc. start model A?

The expected value of model B is -$92 million. Could this prospect
justify the $46 million sacrifice to enter the market with model A?

Probability Distribution of NPV in 1993 for Model B (in billions of dollars)

Qo

o

o2pF

o 4 i
-1.5 -1 -0.5 o 0.5 1

Starting model B in 1993 is an option

So long as MC can abandon the business in 1993, only the right-hand-
side of the distribution is relevant

NPV of the right-hand-side is huge even if the chance of ending up there
is less than 50%

Lecture Notes 35
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Real options 15.401 Lecture 10: Capital budgeting

Assume:
Model B decision has to be made in 1993
Entry in 1993 with Model A is prohibitively expensive
MC has the option to stop in 1993 (possible loss is limited)
Investment needed for model B is $900M (twice that of A)
PV of operating profits from model B is $468 million in 1990
PV evolves with annual standard deviation of 35%

The opportunity to invest in model B is like a 3-year call option on an
asset worth $468 million now with exercise price $900 million!

Using Black-Scholes formula:
Value of Call = $55 million
Total NPV of model-A ($M):

Real options 15.401 Lecture 10: Capital budgeting

A A+B
DCF -46 -99
Option value 55
Total value 9
Lecture Notes 37
Key concepts 15.401 Lecture 10: Capital budgeting

» Naive DCF analysis tends to under-estimate the value of
strategic options:
» Timing of projects is an option (American call)
» Follow-up on projects are options (American call)
» Termination of projects are options (American put)
» Expansion or contraction of production are options (conversion
options)
> It is difficult to apply DCF to option valuation (the point of B-S!)
» Options can be valued (sometimes)

Think of strategic planning as a process of :
1. Acquiring and disposing of options
2. Exercising options optimally

NPV rule

Cash flows from capital investments
Discount rates

Project interaction

Alternative capital budgeting rules

Real options

Lecture Notes 39
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MIT Sloan School of Management

Finance Theory | 15.401
Craig Stephenson Spring 2011

Problem Set 7: CAPM and Capital Budgeting
(Due: Friday, May 6™, by 5:00 p.m.)

Unless specified as an “Excel Problem", all of these problems can (and should) be solved with a
pencil, paper, and a simple calculator. Do not use Excel (except to check your work, if you want).
Show your work cleanly and write out the formulas that you used to solve the problems. Circle your
final answers.

Problem 1 (CAPM)

Here are some of the beta coefficients we discussed in class on April 25. Use these betas to
answer all parts of Problem 1.

PepsiCo 0.49
Hewlett Packard 0.97
Micron Technology 1.95
Nordstrom 1.50

JP Morgan Chase 1.28

Part 1 — The current yield to maturity on 10-year Treasury bonds is 3.63%. Capital market history
over the past 85 years shows the mean rate of return on the value weighted stock market exceeds
the mean rate of return on long-term Treasury bonds by 6.10%. Given these data, what is the
required rafe of return for each of the 5 listed firms?

Part 2 — Assume inflation expectations increase interest rates uniformly across all maturities, and
the yield on 10-year Treasury bonds increases to 5.25%. If there is no change in market risk
premia, what is the required rate of return for each of the 5 listed firms?

Part 3 — Assume instead than an unanticipated information event increases investors’ fears and
worries, so the price of risk increases; investors require higher premiums to hold risky assets, and
the price of risk increases by 20%. At the same time since investors are more worried about risky
assets, the demand for risk-free assets increases, so the yield on 10-year Treasury bonds

decreases to 3.30%. Under these conditions, what is the required rate of return for each of the 5
listed firms?



Part 4 — The new CEO of PepsiCo has decided that PepsiCo should remain a drinks and chips
company, but chips now means potato chips and memory chips, and PepsiCo purchases Micron
Technology. The market value of equity of PepsiCo is $109 billion, and Micron Technology’s
market value of equity is $12 billion. Going back to the data presented in Part 1, what is the
required return of the “new” PepsiCo, which consists of drinks, snack chips, and silicon chips?

Problem 2 (Capital Budgeting)

Your company'’s operations and research departments have proposed a capital investment project
code named “Marin,” which they believe will generate significant amounts of revenue and cash flow
over its useful life. Ops and R&D have already spent $5 million to define and develop the project,
and they estimate the capital expenditures required to launch Marin will be $47 million, all paid at
the beginning. Expected sales and operating costs are expected to be $20 million and $12 million,
respectively, in the first year. The risk adjusted cost of capital for Marin is 9%, and the income tax
rate is 25%. Your task is to decide whether the Marin project should be accepted or rejected.

Part 1 — Assume the capital expenditures are depreciated over 10 years using straight-line
depreciation to zero salvage value, and the expected useful life of the project is also 10 years. If
sales and operating costs both will not change during the project’s life, should Marin be accepted
or rejected?

Part 2 — Assume instead that the capital expenditures are depreciated over 5 years using straight-
line depreciation to zero salvage value, and the expected useful life of the project remains 10
years. If sales and operating costs both will not change during the project's life, should Marin be
accepted or rejected?

Part 3 — Assume the capital expenditures are depreciated over 10 years using straight-line
depreciation to zero salvage value, but now the project is expected to last forever. If sales and
operating costs both increase at a 5% annual rate forever, should Marin be accepted or rejected?

Part 4 — Assume the capital expenditures are depreciated over 10 years using straight-line
depreciation to zero salvage value, and the project is expected to last forever. If sales increase at
a 3% annual rate forever, but operating costs increase at a 6% annual rate forever, should Marin
be accepted or rejected?
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Putting things together 15.401 Lecture 10: Capital budgeting

Example. MSW Inc. is considering the introduction of a new product:
Turbo-Widgets (TW).

m TW were developed at an R&D cost of $1M over past 3 years

m New machine to produce TW would cost $2M

= New machine lasts for 15 years, with salvage value of $50,000

m New machine can be depreciated linearly to $0 over 10 years

= TW need to be painted; this can be done using excess capacity of the
painting machine, which currently runs at a cost of $30,000 (regardless of
how much it is used)

m Operating costs: $40,000 per year

m Sales: $400,000, but cannibalization would lead existing sales of regular
widgets to decrease by $20,000

= Net Working Capital (NWC): $250,000 needed over the life of the project
m Taxrate: 34%
= Opportunity cost of capital: 10%

Should MSW go ahead to produce TW?

Lecture Notes 18
Putting things together 15.401 Lecture 10: Capital budgeting
1. Initial investment includes capital expenditure and NWC
2. R&D expense is a sunk cost
3. Depreciation is $2M/10 = $0.2M for first 10 years
4. Project should not be charged for painting-machine time
5. Project should be charged for cannibalization of regular widget

sales

6. Salvage value is fully taxable since the book value at the end of
year 10 is $0 (the machine cost has been fully depreciated)

The cash flows (in thousand dollars) are

Year Cash Flow
0 - (2000+250) = -2250
1-10 | (400-40-20)(1-0.34) + (200)(0.34) = 292.4
1-14 (400-40-20)(1-0.34) = 224.4
15 224.4 + (50)(1-0.34) + 250 = 507.4

NPV = - $57,617.

Lecture Notes 19
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15.401 Recitation
8: Capital Budgeting

Review: capital budgeting

Q Decision:

O Accept or reject a project

O Compare two projects
Q Decision rule:

O NPV, IRR, payback period, etc.
Q Information

O Cash flow projection

O Risk projection

O Tax regulation

Learning Objectives

O Review of Concepts
O NPV
O Payback Period
OIRR
O Profitability index
Q Examples
O Bart's Super-Widget*

* Bart's Super-Widget by Bart Raeymaekers

Review: NPV
O Net present value (NPV) of a project is
NPV = it >0

= (1 +7 )f

0 Decision should be based on after-tax cash flow
instead of accounting earnings.

O Operating profit = operating revenue — operating
expenses without depreciation

0 CF = (1 —1) x operating profit — capital expenditure

+ T x depreciation

(tisthe tax rate)



Review: NPV Review: payback period

Q Decision rule: O The payback period is the minimum T such that
O Independent projects: take all projects with NPV>o0 i3
O Mutually exclusive projects: take projects with the highest CF, = CFE, =1,
NPVs

=
0 T is the minimum number of period required to
“recover” the initial investment, /,.

O Decision rule:
O Independent projects: take all projects with a payback

Q The NPV rule dominates all other rules because it
takes into account the maximum amount of
information, including timing of all cash flows and

risks, and makes the correct decision based on value period less than a fixed threshold T+.
creation. O Mutually exclusive projects: take the project with the
lowest payback period.
Review: payback period Review: IRR
Q Pro: O The internal rate of return (IRR) is the discount rate
O Easy to calculate that satisfies
Q Con: 0-%__CE
O Ignores cash flows after the payback period ya (1 o IRR)'

O Ignores time value of money

Q IRR is the implied rate of return of ect.
Q Discounted payback period: minimum T such that is the implied rate of return of the project

O Decision rule:

T
Z CE, -2 CF, =1, O Independent projects: take the projects with IRR > r¥,
= (1 + r,) where r* is the required rate of return.

O Problem: still ignores cash flows after the payback period O Mutually exclusive projects: take the project with the

highest IRR (provided it is greater than r#).



Review: IRR

O IRR gives the same decision as NPV if
O Cash outflow occurs only at time o
O Only one project is under consideration
O Required cost of capital is the same for all periods
O Threshold rate is set to the required cost of capital
Q Potential problem:
O IRR may not exist
O There may be multiple IRRs for a single cash flow.
O IRR rule gives the wrong decision for mutually exclusive
projects.

Example: Bart’'s Super-Widget

Q Project overview:

O Bart Co., a profitable widget maker, has developed an
innovative new product called the Super-Widget. The
company has invested $300,000 in R&D to develop the
product and expects that it will capture a large share of
the market.

Q Capital requirement:

O Bart Co. will have to invest $750,000 in new equipment.
The machines have a useful life of 5 years, with an
expected salvage value of $o.

Review: profitability index

0 The profitability index of a project is

138 {CE

Pl=—
Iy & (1+7)

Q Decision rule:
O Independent projects: take all projects with P1> 1.
O Mutually exclusive projects: take the project with the
highest PI.
Q Pl gives the same decision as NPV if
O Cash outflow occurs only at time o
O There is only one project under consideration.

Example: Bart's Super-Widget

O Revenue projection:
O Over the next five years, unit sales are expected to be (5,
8, 12, 10, 6) thousand units.
O Prices in the first year will be $480, and then will grow 2%
annually.
0 Operating expenses:
O Sales and administrative costs will be $150,000/year.
O Production costs will be $500/unit in the first year, but will

decline by 8% every year thereafter.
O The tax rate is 35% and the after-tax cost of capital is 12%.



Example: Bart's Super-Widget Example: Bart's Super-Widget

O Revenue and Cost O Depreciation and Tax
t=1 2 3 4 5 t=1 2 3 4 5
Revenue Op. Profit (250,000) 86,800 764,304 1,050,358 818,226
Units 5,000 8,000 12,000 10,000 6,000 Depreciation (150,000)  (150,000) (150,000) (150,000) (150,000)
Price/Unit 480 490 499 509 520 EBIT (400,000) (63,200) 614,304 900,358 668,226
Total 2,400,000 3,916,800 5,992,704 5,093,798 3,117,405 Taxes @35% 140,000 22,120  (215006) (315125  (233,879)
Expenses Netincome  (260,000)  (41,080) 399,298 585,233 434,347
SG&A 150,000 150,000 150,000 150,000 150,000
Cost/Unit 500 460 423 389 358
Total (2,650,000) (3,830,000) (5,228,400) (4,043,440) (2,299,179)
Op. Profit (250,000) 86,800 764,304 1,050,358 818,226
13 14
f : ) .
Example: Bart's Super-Widget Example: Bart’s Super-Widget
Q Cash Flow 0 Reminder:
t=0 1 2 3 4 5 O CF = after-tax operating income + depreciation tax shield
— capi itur
Net income (260,000)  (42,080) 399,298 585,233 434,347 apital expenditure
CAPEX (750,000) = (1-T) x operating income + T x depreciation

Cash flow (750,000) (110,000) 108,920 549,298 735233 584,347 — capital expenditure

PV@12%  (750,000) (98,214) 86,830 390,979 467,254 331,574 O The accounting net income is taxed even if it is negative.

NPV $428,42 T
il O Depreciation is not a cash flow but reduces taxes.

NPV @ 16% = 273,307

15 16
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Lecture Notes

Efficient Market Hypothesis 15.401 Lecture 11: Market efficiency

Examplg: Merck announces a new allergy drug to prevent hay-fever.
How should Merck's share price react to this news?

Increase immediately to a new equilibrium level
Increase gradually to the new equilibrium level
First over-shoot and then settle back to new equilibrium level

S,

What do you think?

Cav 1wtative e wnneunssment

Key concepts 15.401 Lecture 11: Market efficiency

The Efficient Market Hypothesis (EMH)
Implications of EMH

Supportive evidence to EMH
Challenges to EMH

Readings:
Brealey, Myers and Allen, Chapter 13
Bodie, Kane and Markus, Chapter 11

Lecture Notes 2

Efficient Market Hypothesis 15.401 Lecture 11: Market efficiency

Efficient Market Hypothesis: Market prices of securities reflect all
available information about their value. =
.___.——-—"—_”_‘_‘—-_-——

A precise definition of EMH needs to answer two questions:
1. What is “all available information™?
2. What does itThean to “reflect all available information”?

————
Answer:
1. All available information includes:
- Past prices -+ Weak form
- Public information (prices, news, ... ) - Semi-Strong Form
- All information including inside information - Strong:Form
2. “Prices reflect all available information” méans that financial
transactions at market prices, using the available information, are
zero NPV activities.

Lecture Notes 3

Lecture Notes 4



Efficient Market Hypothesis 15.401 Lecture 11: Market efficiency Empirical tests of EMH 15.401 Lecture 11: Market efficiency
Implications of market efficiency: 1. Weak form of EMH is supported by the data
No free lunch (no arbitrage) in financial markets Technical trading rules are not consistently profitable.

Prices fully reflect all available information
'-'_-—_—-__-
Prices follow randorn walks ¢ QLO% 2!

———
Trade-off between risk and expected return

S&P 500 Index (1980-1984) versus Coin-tossing
Source: R. Brealey and S. Myers, Principles of Corporate Finance.

"Active" asset management does not add value 1
. N
Sppedl, SL w
"W
[ : {
¢ offlar h
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Lecture Notes 5 Lecture Notes 6
Empirical tests of EMH 15.401 Lecture 11: Market efficiency Empirical tests of EMH 15.401 Lecture 11: Market Efficiency
Serial correlation in daily stock returns is close to zero "
f-—“‘ - S Tumover
20 :
=
Serial Correlation of Dally Returns on Nine Stock Markets E 3
Source: B. Solnik, ""A Note on the Validity of the Random Walk for European Stock Prices.” Journal 1 :I
of Finance (December 1973), ‘1
] 10 é
USA 0.03 | UK 0.08 g i
France -0.01 | ltaly -0.02 s %
Germany  0.08 | Holland 0.03 ke
Belgium  -0.02 | Switzerland  0.01 o L L 2 : -
Sweden 0.06 r.:.:;:a:r) x i - T:rt:;'::r] .::.1';:3:. ll‘n’;::u
individual Investors Quinliles baxed on Monithly Turnover Thod

Figure 1, Monthly turnovoer and annual porformance of individunl investors. The white
bar (black bar) represonts the gross (not) annuanlized geomotric monn return for February 1991
through January 1907 lor individual investor quintiles basoed on monthly turnover, tho average
individunl investor, and the S&1° 500, 'I'he net roturn on the 8&17 500 Indox Fund is that enrned
by the Vanguard Index 500, The gray bur ropresonts the monthly furnover.

(From B. Barber and T. Odean, Journal of Finance, 2000, 773-806.)

Lecture Notes 7 Lecture Notes 8



Empirical tests of EMH 15.401

Lecture 11: Market Efficiency

Example. Gender Issues in finance

Single
Men — Women ~ Difference
Average turnover 84.6% 50.6% 34.0%
Abnormal gross return ~ -0.89%  -0.35% -0.54%
Abnormal net return -280%  -1.45% -1.45%
Married
Men  Women Difference
Average turnover 73.3% 52.9% 23.4%
Abnormal gross return 0.82%  -0.60%  -0.22%
Abnormal net return -2.57%  -1.85% -0.72%

(From B. Barber and T. Odean, Quarterly Journal of Economics, 2001, 261-292.)

Empirical tests of EMH

15.401

Lecture 11: Market Efficiency

Lecture Notes

2 Empirical Tests of EMH 15.401

2. Semi-strong form of EMH is generally supported by the data

Prices react to news quickly (corporate actions, accounting changes ...

—

Cumulative Abnormal Returns (CAR) before and after Dividend Announcements
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Empirical tests of EMH

15.401
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Lecture 11: Market efficiency

Lecture 11: Market efficiency

Cumulative Abnormal Returns (CAR) before and after Takeover Attempts:
Target Companies
Source: A, Keown and J, Pinkerton, "Mar?er Announcements and Insider Trading
Activity." Journal of Finance (1981).

Cumulative abnormal remurn
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Lecture Notes 11

3. Strong-form of EMH has mixed evidence:

Money managers cannot consistently outperform the market.

Mutual Fund Performance (Gross of Expenses)

Source: M. Jensen, ""Risks, the Pricing of Capital Assets, and the Evaluation of
Investment Performance." Journal of Business (April 1969).

10 years 1955 — 1964

Average retumrm (%)

13.8 |-
11.5 |-

9.2

6.9 |- +

M = S&P 500
4.6 vy = Growth-income
rr X = Income-growth
2.3 x = Incomec
z = Balanced
(o] 1 1 1 L 1 ;I Beta
.00 .30 .60 .90 1.20 1.50 1.80

Lecture Notes 12



Empirical tests of EMH 15.401 Lecture 11: Market efficiency Persistence of MF performance  15.401 Lecture 11: Market efficiency

yeir return. In each calendar year from 1962 1o 1887, funds are ranked inta equal-welght decile
portfolios based on ane-year return. The lines in the graph represent the excess returns on the

Performance of Average Equity Mutual Funds sen
Dol |
Source: J. Bogle, Bogle on Mutual Funds, Irwin (reprinted in BKM). \
i s i L R S S i SR ; \ P
i530 ‘ é E sl R, \"// e
Wilshire 5000 l E
25— s
2 Total Return (%) i
Cumulative Annual % om}
20 Wilshire 5000 2,592 12.97 j’
Average fund 1,967 11.87 E
15+ < e
i | g
I [ Decie 16
48 : ;
Avnragr *”nd i B Fromasins Y oa 1 Yoo -2 Yo +) Yoan 4 Yean - S Yoan
‘L Figure 3. Post-formation returns an porifolios of mutual funds soried on lagged one-
i
|

decile portfolios in the year subsequent to initial ranking (ihe “formation” year) and in esch of the

0 ; + t {—t 'E'.~i ey bttt | Al mnxmsm-mmamm;&m hg:wmly.m;?ﬁm::m
.'— - ; : -— [CalY « B o - B - NN ™M u - t comprise 3 port! are equally weighte: month, so
§ E E g % g §‘ ;ﬂ‘:' §‘ g g g g g g E 3 g g g ?.‘ ’3_: § E §_ a § § A O T e iTRY Org e Source: Carhart, Journal of Finance, 1997
Lecture Notes 13 Lecture Notes
Empirical tests of EMH 15.401 Lecture 11: Market efficiency Ambiguous evidence 15.401 Lecture 11: Market efficiency
Inside-trading is not profitable —- or is it? 1 The Stock Market Crash of 1987

. ﬁ"_.-—_'—-__-—‘}- N .
Cumulativé Abnormal Return (CAR) of Insider Trading

Source: L. Meulbroek, ""An Empirical Analysis of Illegal Insider trading." Journal of
Finance (December 1992) . a) Facts:

_Ty?.m of inside N Insider holding period CAR over - No apparent exogenous news
information (# of trading days) holding period (%) ; ; )
Takeover related 145 (112&55 (2195? - Enormous and discontinuous price drop
Negalive earnings 12 18.4 30.0 - Worldwide
€ i (7.6) 4.7
Positive eamings 3 213 33 - No immediate bouncing back
(11.2) (4.2)
Bankruptcy 10 26.4 73.9
(14.6) (12.0)
Misc. good news 11 1.2 34.8 b) Suspects:
e i Index arbit t ?
RS 5 100 4 - Index arru rageurs (actors or messengers?)
(7.0) (2.5) - Portfolio insurance
Total 183 13,7 32,2 e ’
(1.6) (.7 - Institutional selling

Notes: The insider holding period begins with the first insider purchase or sale, and
ends when the Insider Information becomes public. Standard errors are In parentheses.

a—

Lecture Notes 15 Lecture Notes 16
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Ambiguous evidence 15.401

Lecture 11: Market efficiency

1987 Stock Market Crash --- U.S. Market

1980 - 1990
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Ambiguous evidence 15.401 Lecture 11: Market efficiency

2 Smooth dividends but volatile prices (Shiller)

Real S&P Index p versus Ex Post Rational Price p*(1871-1979)
Source: R. Shiller, "*Do Stock Prices Move Too Much to be Justified by Subsequent
Changes in Dividends?" American Economic Review (Vol. 71, 1981).
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3 The Financial crisis of 2007 - 2009
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The Efficient Market Hypothesis (EMH)
Implications of EMH

Supportive evidence to EMH
Challenges to EMH
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Concepts

* Compounding/Discounting
» Bonds
* Forwards and Futures
15.401
+ Options
F Y Th I « Portfolio Theory
Inance eory o
+ Capital Budgeting
« Real Options

Final Review Session

Marc Piette
Discounting, formulas Bonds, APR...
» Compounding and discounting, DCF formulas * Interestrates:  Compounding:
+ (Not just at a constant or risk free rate anymore!) AQ+m)=0+ r,‘% k
Inflation: (147, ) x Q1+ =1 +7,,,)
DCF:
. C
Perpetuity: PV = — * Bonds: B"i ¢, B __Hc .0
! c Srry  Qeny LA+ A+
Growing Perpetuity: PV = ——
r-g Duration
First payment year 1 growth year 2 Bl m‘?—ﬂ—, xt
BL(l+y)
Annuity: PVng(l _ 1 ) Modlﬂe? dugtlonp
1+n' MD=-—x® 2
B dy 1l+y

, C . (+g)
Growing Annuity: =—(]-
. o2 s r—g(1 (1+r)‘) « Portfolio immunization: MD(A)xPV(A) - MD(L)xPV(L) =0




Forward rates

A+r)' A+ £,) ™ =A+r)

< Enter into a contract at time t=0

« Loan is received at time t1

+ Repayment is done at time t2
 Expectation hypothesis:

= f=E[r,(t)]

+ forward rates predict future spot rates

= Slope of the curve reflect market’s expectation of future short-
term rates

« Liquidity preference hypothesis:
+ f=E[r,(t)]+liquidity premium
« Risk premium is demanded by investors in long bonds

Forwards and futures

* Pricing:

* consider F ;= H, for now

« 2 ways to buy asset for delivery at time T
* Enter into a forward contract to buy at time T
* Buy now and hold

= No free lunch: buy and hold equivalent
+ Storage cost, convenience yield

- Contango / Backwardation

FaH = Si+r—{(y—-a)"
= Sl+r-7
Fr=Hr = (1+r)78 + FVr(net storage costs)

(1+r)7S — FVr(net convenience yield)

Stocks

+ Valuation based
+ Expected dividends (Dividend discount model — DCF)
- Discount rate for those dividends

* Gordon Model of constant growth

+ Earnings/EPS,

+ Payout ratio (div/earnings), plowback ratios (1-payout)

+ Book value (cumulative retained earnings)

+ Return on book equity (earnings/BV)

* P/E (P,/EPS,)

* PVGO

« What is the discount rate? (according to CAPM?)

Options

« Call (option to buy)
* Put (option to sell)
+ Strike price/Maturity
+ European versus American
+ Put-Call parity
© P+5=C+K/(1+r)T=C+ PV(K)
* Binomial option pricing
+ Black-Scholes




Options: payoff diagrams Options (cont.)

=

®" Long Call

g LS Long Put

10- Value of call Value of put
81 & Strikeprice(K) ~~ Decrease Increase
o g Price of underlying Increase Decrease
. a0 asset (S)

Stock price % -

Ml ; o Volatility of the Increase Increase
0 Mm & underlying asset (o) o

_5:1“ 40 : Maturity (T) Increase Increase

‘ Price of underlying asset Interestrate(r) : intreafse : Decrease

10- Short Call Short Put
-5+

204
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Portfolio Theory Portfolio Theory (cont.)

-

volatility-return tradeoff
Portfolio frontier, Efficient frontier portfolio
Capital market line

+ Diversification
= Portfolio return, Portfolio variance

-

Tp = W1T] + Wal2 o2 = wio] + wio] + 2w wyo;
$.00
* Systematic versus idiosyncratic risk as0
4.00
e B 1.0and __p=00 380
i 300
E ;‘R S0
5 i 2.00
g Total risk of & T -
i i e N
Numbaer of Stocks in Portfolio 0.00

Blandard Deviation (s, par month)



Portfolio Theory (cont.) CAPM - assumptions

+ Tangent portfolio (highest Sharpe Ratio) * Investors agree on the distribution of asset returns
« Investors hold efficient frontier portfolios
* There is a risk-free asset:
ol = gz2g? « paying interest rate r;
< in zero net supply
« Demand of assets equals supply in equilibrium
« Implications:
= Every investor puts their money into two pots:
« the riskless asset
+ asingle portfolio of risky assets, the tangent portfolio
« All investors hold the risky assets in same proportions
» they hold the same risky portfolio, the tangent portfolio
« The tangent portfolio is the market portfolio!

Fp = (l—z)rp +2fy

+ Sharpe Ratio

Tp — TP

Sharpe Ratio =

CAPM CAPM (cont.)

» Security Market Line (SML)
¢ Relationship between asset’s premium and its market beta

» Tangent portfolio = Market portfolio !
* Beta

B = 2o
n
U:: F Security Market Line (SML)
SML
.
+ Expected Excess return
* Implication for cost of capital - M
¢ prwe = Feo e '
Tt—Tr= 0'_.12\; (Fa = 7#) = Bise (Tae — 78) Fu=—Ty

« Beta gives measure of asset’s systematic risk
- TF

o Fm Drf gives premium per unit of systematic risk, the price of
risk




CAPM (cont.) Capital Budgeting

* We can decompose and asset’s return in 3 pieces * Project selection

= NPV (ex: $56M)
« Analyze: CFs, discount rates, strategic options

» What is the discount rate?
+ Use CAPM (find “comparables” to estimate “Beta”)

Ti —Tr= ;i + Bin (FM o TF) + &;

« Sigma (e) : Asset’s non-systematic risk

+ E[sigma] =0 CF CF,
h?H,’ — .—l e —-—-——t
+ Correlation between sigma and market = 0 =Chat et (1+7e)
= Alpha: asset’s return in excess of risk adjusted reward , p .
P J Pproject = Te + .d])mjm:l (r.lf . T,;-)

according to CAPM
» What to do with an asset with a positive alpha?
= Check estimation error
+ Past value of @ may not predict its future value
< Positive a may be compensating for other risks
« Extension: Fama-French, APT (Arbitrage pricing theory) ...

» Cash flows after tax:
= Operating profit = operating revenue — operating expenses without
depreciation
« CF = (1-1) x operating profit — capital expenditure
+ T x depreciation
(tis the tax rate)

Capital Budgeting (cont.) Real Options

* Common and important options in capital investments
T 1B include:
a fﬁm) T +CIF;:RJ’ T :;F;ER), * The option to wait before investing

* The option to make follow-on investments
¢+ The option to abandon a project
+ The option to vary output or production methods.
CF1+CFa+--+CFe 2 —CFo=1y « Two key elements in strategic options and their valuation:

= Extension: discounted payback period « New information arrives over time

* Decisions can be made after receiving new information.

0=CFo+

« Payback period (ex: 5 years)
» Smallest s such that

= Profitability index (ex: 2.3)

LA o4
Pl= g =T

+ NPV improves on all other methods!




Real Options: example Real Options: example (cont)

» Manufacturer of Ain 1990

+ NPV of A at 20% is $-46M in 1990

« NPV of B is also very negative in 1990

« Producing A would allow potential production of B in 1993
« B production decision has to be made by 1993

Entry in 1993 with A is prohibitively expensive

»+ Option to stop in 1993 (possible loss limited)

* Investment needed for B is S900M (twice that of A)

* PV of operating profits from B is $468 million in 1990

PV of B evolves with annual standard deviation of 35%

» Opportunity to invest in B is like a 3-year call option on an
asset worth $468 million now with exercise price $900 million!

Probabily Distributon of NPV in 1553 for Macel-B (in bilion dotan)

* Using Black-Scholes s ubasts I
* Value of call: ¥ $55M s \

« NPV A alone is $-46M
+ Option to produce B if you produce A: $55M
« NPV of A taking into account option value: 55-46 = 59M!

Real Options (Cont.)

» Naive DCF analysis tends to under-estimate the value of
strategic options:
= Timing of projects is an option (American call)
= Follow-on projects are options (American call)
+ Termination of projects are options (American put)
+ Expansion or contraction of production are options (conversion
options).
« It is difficult to apply DCF for option valuation.
» Options can be valued (sometimes).




(§ min lah] Tpo&@w'ﬁ/
W Wetesar

P e
o

_,ud,l(/éﬂt;ﬂn (

~ {JLWL (4f

bwL (ko
i 9[~Dwﬂq

FO(Mdﬁ 8 E/%(/f% P(‘(c;flj
L A
- Guen Caby | Convitace

~ Gty da o
" 40 what di lncs + Problea el

.,Blmom‘m,( Pf‘tcjf\ﬂ

" (al

—put
,—§Jr({tl{ ‘ﬂr\(cg// (mh/,,‘}y
PGl e
"@ﬂqav‘(afmj Dactli

(I Je Croptlin & bof of Bl A need & ceniod



%)

“Optons s Darpbere
(o¢{¢ e 0ol o daw a P&ZML (ymgﬂm

W hagpes b (/P PR b
Port oli /
WMG& a9 ol pprfhlzo

~(alodbtny o des

~dy 2 asel  puffol cfv’lou/

,(O(fe(d}m

—(uk b, Jpifable ad mn Jiasfabl

“Olfen cani Jusable

“Lhen ol /afes Mae | Pl ot
@ﬁ oot emn/

(aptl Mot Lo

Oha e alo

= gpof{(d'b
p= (Fecid (g

o




¢)
CZBIP/‘f MSM/JH”’?
— o + lond culdlee
"{[.(d(/ﬂn[%j
~fafet il
— a5t <o e O(QUIJ@J

NWL dsled J@(Wﬂdn
(

ng =0y conlated o ae
07‘4:1 h@ Ma((/?ﬂl

T Systmat ¢ il

Co =l o coh Deemtom (o systenaf € (il
\’“L\Y i maﬂm/t

“ Wl Wacdeed atalol
Expeded  oxces  cofm

1\9 M as/re QLC KI(SL\ /¢ ma(ll{/ﬁ
ﬁ‘ :._@ & /)(m OTOT’\
L O_’(Lm G/MQZ




Y
E[({‘] = Ry fﬁ,{ X (Km”/gf)
Cpeded (b 0f puy g
FIT e = ;< (fa-ie)
QKPCL\(&{ OX( €3 (ef{/fq
(VQMQ Qv‘}‘ Of PO/ HO}(]Q 'hgoff
Reo Snicdlic ok g qopes

QJL Some. gmfco() ( Ovman o QVW(M

o ey
e FO( X
-yt atts
QECV/H‘[ /WNF WM% flums vp hre
(N }
(¢

{
[

Bl g

N

AS pesgle 6v7 i T p/‘(c& ?\, hud fo GUL



Sl

bRt beed o cld
high B = high clsh
o B = o rish

2

F”VES%‘% /09&}/1:] for KK
li 4 4 %f/(fm 1) 4 .

/\fh/(ﬂ ‘U\ L 2
e 0t cisl, NN Syel emlc ((J,\/

Mjadel #le ZoE (el
\Pwﬂ J‘ﬁ% &(ﬂlmlz dl/i?(Pe(ﬂWL 5/‘1(

)D{(L\r lﬁf’o&gc ‘P/ltozﬂg 7}90/? [ ﬁﬂl
- (/%Wl c/v/ MOR {ao&r)
- b‘t& Vw')‘ {ﬁwn

}/ - (ol
/ e

9—2

il

(qp\tfq,f Budgetuy

% M we h‘fﬁ lfc(m(fﬂfs

La‘iﬁ 0u+ Cash flows FOr pﬂ()jﬁcﬁ
CF i Q —JL) | OI’)MH’U pal ~(apex ’L(qu)/ad%f&aq

T i cake



@ QMM))@ rf,{preuwhm Owlf Cﬂ(/,,ﬁ, ﬁtﬁ%f 60/ '}l)( pr,OO%/}
R o —TRR—rbarat—ratg—of 1ot

Sobige, valo * 161 fodig it s bul ot od
A[Q fold wzt’p(&,\mftroa mefng

gkt mafeh project  fpag
(alobte « NV of g /9/0 o

“dsaul e fhnr cosh Tl bad, Vet d

R/Q L ek male ld =()

Fe (R .
0 =( m+ el

t/ML(/erl [o(f? O!L (U(///)

{4

ane [Go{/{ ()pﬂa/\)
— (in MfﬂL
~ do Hlow -6n | petnid
T dbodn a o
— Vo otpd
New b acits par tine

Once (ot L\
sk, foged
4% fﬁ’ftdy f u/lc{é’vdf[



e g &pﬂm; embedded Qs whert
Qe‘u\% \[“ s ﬂ{’“’ Wm\ Mot Opﬁmj pears ML
To bc, WE({ More.

FOT/Q(Jfﬁ Y‘F’ﬁdf (s 0(6](%&{3& (jfjpefrﬁ/ﬂ%/
f{l\%l g o ff ot
"N o P-sef

.—--——-—/

Blad Sholes 0t b agpetd becont sulf
futilieg  plopucy
0 of (el not Juable

Tdos  belie malets il go T feie made]

| J
O & pov dhw oxan

T doble ¢/ded Chat Stk



