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The Question
• The Sharpe-Lintner Capital Asset Pricing Model (CAPM) 

is the workhorse of finance for estimating the cost of 
capital for project selection.

• There is mounting empirical evidence against the CAPM

• Does that mean Regulators and Managers should not 
use the CAPM for estimating the cost of capital for 
PROJECTS ?
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How CAPM Helps Managers/Regulators
• In modern economies, managers although they work in the interests 

of the shareholders, really do not know what their shareholders want

• Shareholders send messages to the managers by trading in the 
firm’s shares

– If they do not like what the firm’s managers are doing, they sell 
the shares leading to a price drop

– Managers take cue and correct their actions

• But, then such corrections are costly

• The capital budgeting process helps managers guess investors’
views before undertaking a major project

– Cost of capital is a key input to that process

• CAPM is a tool for estimating a project’s cost of capital
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How CAPM Helps Managers/Regulators
• Like managers of firms, regulators do not know what 

return investors would require to invest in an otherwise 
similar unregulated project

• CAPM helps regulators assess the “fair” rate of return on 
such a project

• Guaranteeing a fair rate of return will change the risk 
borne by investors

– Still, knowing what investors will require to invest in 
an otherwise similar unregulated project will help 
assess the cost/benefit of regulation 
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Why the CAPM’s Popularity
• Theoretical elegance

• Classic Support

– Black, Jensen, and Scholes (1972)

– Fama and MacBeth (1973)
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Classic Support …
• Black, Jensen, Scholes (1972)

– 1931 : 1965

– All stocks on the NYSE

– 10 Beta sorted portfolios

– Average excess return on the market proxy: 1.42%

– Estimated slope: 1.08% < 1.42%
• Measurement errors in betas

• No risk free borrowing and lending
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Classic Support …
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Empirical Challenges
• Primary challenge comes from (Anomalies)

– Several stock portfolios managed using simple rules 
based on publicly available information earn large 
average returns after adjusting for risk using the 
CAPM
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Empirical Challenges …
• We want to focus on anomalies 

– that do not require frequent trading

– are unlikely to be due to data mining and likely to 
vanish in the future

– prevalent in several data sets, across countries, time 
periods

– sound theoretical reasons for finding them in the data
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Empirical Challenges …
• Stocks that are cheaper, other things remaining the same should 

earn higher returns

• Ball (1978)

– Keep other things the same by scaling stock price by accounting 
measures of size, like earnings, dividends, book/market value of
equity etc

• Berk (1995)

– Shows relative book/market value of equity will be a good model 
free proxy for expected returns on stocks

• => Measure adequacy of CAPM by its ability to explain cross section 
of returns on Book/Market and Size sorted portfolios

10



Empirical Challenges …
• Firm Size, Banz (1981)

– Average return to stocks of small firms substantially 
higher than the average returns to stocks of large 
firms after adjusting for risk using the CAPM

– Excess returns on 5 × 5 beta-size sorted portfolios, 
during 1936-1975

• Found deviations from Security Market Line related to Firm 
Size

– 20 stock small-firm and 20 stock large-firm portfolios 
with the same betas

• Small-firm portfolio earned 1.48%/m more on average
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Empirical Challenges …
• Fama and French (JFE, 1993)

• 25 Size and Book/Market sorted portfolios

• Stock market beta about the same

• Average returns vastly different

– Average real rate of returns during 1954-2003
• Small Growth Stocks: 6% per year

• Small Value Stocks: 17% per year
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Empirical Challenges …
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Empirical Challenges …
• Why “cheap” stocks with high book/market ratio earn 

higher return than predicted by CAPM?

• Fama and French (JFE, 1993)

– Missing risk factors, Inadequacy of standard CAPM

– Two additional risk factors

– HML and SMB
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Empirical Challenges …
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Empirical Challenges …
• Why “cheap” stocks with high book/market ratio earn 

higher return than predicted by CAPM?

• Lakonishok, Shleifer and Vishny (1994)

– High book/market stocks are underpriced relative to 
low book/market stocks

– Investors pay too much for “growth”
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Empirical Challenges …
• “Cheap” stocks are mispriced …

• Pietroski (2000): Among “cheap” stocks those with 
strong fundamentals earned higher returns (23.5%/year)  
than stocks with weak fundamentals during 1976-96

• Mohanram (2005): Among “expensive” stocks, those 
with strong fundamentals earned higher returns 
(18.9%/year)  during 1978-2001
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Back to the Question: 
Should We Abandon The CAPM?

• Suppose we believe that the CAPM is a reasonable 
model

– For estimating cost of capital of “projects”
• For making capital budgeting decision

• Is the evidence against the CAPM sufficient to change 
our view?

Probably Not!
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Why keep the CAPM? 
• (1) Empirical support is not as bad as it may appear

– Expected returns are difficult to measure

– If the characteristics of a stock change, e.g.,
• Systematic risk

• Expected future dividends on the stocks

– It may take some time for investors to figure out what 
return they should require to hold the stock

• Realized returns during that interim period may just be 
“noise” and not what investors expected to get

– When we take such a possibilities into account the 
empirical support for the CAPM becomes stronger
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Why keep the CAPM? …
• (2) All “Models” are “Wrong,” CAPM is no exception

– Does the CAPM assign reasonably right expected 
returns to the assets we care about?
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Why keep the CAPM? …
– (2a) Individual Firms vs. Industry

• Average out firm level “mispricing,” thereby providing a better 
measure of cost of capital for long lived projects

• Managers may not care about temporary firms specific 
situations affecting a firm’s cost of capital when taking up 
long lived projects, Regulators may care more about Industry 
than an Individual Firm

– (2b) “Projects” vs. “Firms”
• Firms have the “option” to undertake new projects and 

modify/abandon existing projects

• CAPM alright for projects, not firms that are portfolios of 
options on projects  (McDonald & Siegel 1985; Berk, Green & 
Naik, 1999)
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(1) Stronger Empirical support for the CAPM
• Hoberg and Welch (2007): Empirical support for the 

CAPM is not as bad as you think!

– When you use “aged betas”
• For beta sorted stock portfolios
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Stronger support for the CAPM …
• Data (well established stable firms)

– CRSP stocks for the period 1937-2007

– Exclude firms
• NYSE 10th percentile break point

• Price < $5

• Firms listed for less than 5 years

• Momentum stocks: Highest/lowest prior 12 m return deciles

– Covers 75% of CRSP universe of stocks

– Minimum of 3 months after the end of the fiscal year 
before using balance sheet information
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Stronger support for the CAPM …
• In June of each year estimate the stock’s characteristics

– Historical Beta using past 60 months of returns

– Market value of equity (size)

– Book value of equity for fiscal year that ended prior to 
March

– Debt to equity ratio as the difference between total 
assets and book value of equity, scaled by size

– Long term growth forecasts by sell side analysts
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Characteristics of Ten Beta Sorted Portfolios
Nos Beta Size BM DE Capex Nayst Grow Rdisp Vwret1 Vwret2 Vwret3

High 107.30 2.09 795.99 0.78 1.39 0.19 9.69 0.20 6.30 1.21% 1.14% 1.17%

2 107.72 1.63 1,206.93 0.80 1.31 0.10 10.10 0.17 5.70 1.17% 1.14% 1.16%

3 107.87 1.41 1,464.17 0.79 1.36 0.16 10.57 0.16 5.29 1.11% 1.07% 1.15%

4 107.86 1.25 1,523.69 0.79 1.43 0.09 10.66 0.15 5.01 1.19% 1.06% 1.08%

5 107.63 1.12 1,451.04 0.80 1.50 0.07 10.36 0.14 4.88 1.22% 1.21% 1.12%

6 107.95 1.00 1,407.44 0.81 1.67 0.07 10.13 0.13 4.68 1.25% 1.12% 1.10%

7 107.93 0.88 1,515.97 0.82 1.89 0.07 9.92 0.13 4.57 1.22% 0.99% 1.09%

8 107.79 0.75 1,716.31 0.82 2.15 0.06 9.19 0.12 4.34 1.00% 0.93% 0.95%

9 107.80 0.60 1,420.27 0.84 2.46 0.07 8.89 0.11 4.21 1.03% 0.98% 0.93%

Low 107.42 0.36 1,079.54 0.87 2.01 0.11 9.09 0.09 4.13 0.99% 0.84% 0.90%
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Stronger support for the CAPM …
First-year Monthly 

Return
Third-year Monthly 

Return
Average 

Factor 
ReturnModel 1 Model 2 Model 1 Model 2

Intercept 0.0063
(4.14)
[4.14]

0.0026
(1.23)
[1.18]

0.004
(2.39)
[2.39]

0.0024
(1.04)
[1.03]

MKT 0.0019
(0.84)
[0.67]

0.0041
(1.61)
[1.30]

0.0033
(1.46)
[1.27]

0.0048
(1.63)
[1.44]

0.0067

SMB - -0.0041
(-1.44)
[-1.29]

- -0.006
(-0.31)
[-0.27]

0.0021

HML - 0.0082
(1.83)
[1.70]

- 0.0002
(0.03)
[0.03]

0.0042

adj R2 38.8% 54.88% 80.99% 80.63%
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Stronger support for the CAPM…

CAPM
Average absolute error 17 bp/m

FF3
Average absolute error 17 bp/m

GRS statistics 2.88 GRS statistics 3.23

p-value 0.001 p-value 0.000

Time Series Regression Analysis of 10 beta sorted portfolios 
on First-Year Monthly Portfolio Return
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Stronger support for the CAPM …

CAPM
Average absolute error 10 bp/m

FF3
Average absolute error 10 bp/m

GRS statistics 1.37 GRS statistics 1.41

p-value 0.190 p-value 0.171

Time Series Regression Analysis of 10 beta sorted portfolios 
on Third-Year Monthly Portfolio Return
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(2.a) Firms vs Industry
• Suppose expected return (cost of capital) depends on

– CAPM Beta of a firm’s cash flows

– Firm specific short lived components (missed by 
CAPM)

• Managers

– Interested in firm’s cost of capital for long lived 
projects, so look at industry cost of capital

• Regulators

– Interested in cost of capital of a portfolio of firms in an 
industry

• Then how does the CAPM perform with Industry 
Portfolios?
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Firms vs Industry 1932-2007 …
• Fama and French 10 Industry Portfolios

CAPM
Average absolute error 11bp/m

FF3
Average absolute error 14 bp/m

GRS statistics 2.25 GRS statistics 3.45

p-value 0.014 p-value 0.000
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Firms Vs Industry: 10 Industry Portfolios

Model 1 Model 2 Average Factor 
Return/m

Intercept 0.0037
(1.87)
[1.86]

0.0010
(0.41)
[0.38]

MKT 0.0049
(1.87)
[1.57]

0.0070
(2.44)
[0.38]

0.0067

SMB - -0.0084
(-1.87)
[-1.72]

0.0021

HML - -0.0012
(-0.60)
[-0.49]

0.0042

Adj R2 52.16% 83.49%
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Firms Vs Industry: : Summary

• CAPM as well as Fama and French 3 Factor model 
unable to explain the cross section of returns on industry 
portfolios

• Both models are about equally good, or equally bad
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(2.b) Projects vs Firms
• Firms

– Portfolio of Options on Projects

• Dybvig and Ingersoll (1982) 

– CAPM assigns the right values to primitive assets 

– Still may assign the wrong value to options on those 
primitive assets

• So,

– CAPM may be alright for calculating the required 
expected returns on primitive “projects”

– But not for the required expected returns on stocks 
of “firms” with options to undertake/modify/abandon 
those projects

33



Projects Vs Firms -- Example

• Note: The example in the handout has some issues
• Growth firms (low book/market) have certain types of options
• Value firms (high book/market) have certain options
• Options are like levered positions in the underlying assets
• Value firms’ options pay when economy is in bad state (high risk 

premium) 
– Natural market timers

• Growth firms have high leverage in good times when agents are 
better positioned to take on risk

• Value firms will have more leverage in bad times when agents 
have less ability take on risk

• Growth firms have negative CAPM alpha; Value firms have 
positive CAPM alpha
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Projects Vs Firms – Example …

• Returns on firms with growth options will not satisfy the 
CAPM even when CAPM holds for “projects

• Deviations from the CAPM will be related to the BM ratio

• For the same value of assets in place

• Higher expected return will depress market value 
(Value firms)

• Lower expected return will increase market value 
(Growth firms)
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Projects Vs. Firms: Book-market effect & Real Options

• When Book-market effect proxies for Real Options effects 

• Growth Options, Options to modify/abandon/shutdown

• Within industry variations in book-to-market ratio (BM) will 
capture 

• Within industry variation in real option effects across firms 

• Across industry variations in book-market ratio (BM)

• Will be a poor proxy for variation in real option effects 
across firms in different industries

• Fama and French 3 factor model will explain 

• Cross section of within industry BM sorted portfolio 
returns

• Not across industry BM sorted portfolio returns
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Projects Vs. Firms: Across Industry BM Effect

• Sort firms into three groups based on their BM ratio within 
each of the 10 industries

• Form value weighted portfolio of firms within each of the 30 
industry/BM sorted groups

• Pick one of the three portfolios within each industry so as to 
maximize the standard deviation of the BM ratios for the 10 
industry portfolios
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Projects Vs. Firms: Across Industry BM Effect …

Industry N of firms Beta Vwret1 BM

1 33.76 1.00 1.36% 1.87

2 12.74 1.27 1.33% 1.68

3 88.63 1.18 1.30% 0.88

4 14.58 1.12 1.93% 2.12

5 19.77 1.50 1.68% 1.56

6 5.42 1.19 1.42% 2.19

7 38.11 1.03 1.12% 0.44

8 31.57 1.06 1.20% 0.34

9 13.82 0.81 0.81% 0.52

10 96.07 1.19 1.27% 2.85
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Projects Vs. Firms: Across Industry BM Effect …

• Time Series Regression Analysis of Ten Industry Portfolios with 
maximum BM ratio dispersion, 1932-2007

CAPM
Average absolute error 22bp/m

FF3
Average absolute error 19 bp/m

GRS statistics 3.03 GRS statistics 2.65

p-value 0.001 p-value 0.003

• The FF 3 factor model leads to little improvement over the CAPM
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Projects Vs. Firms: Across Industry BM Effect …

Model 1 Model 2 Average Factor 
ReturnIntercept 0.0006

(0.23)
[0.23]

0.0073
(2.35)
[2.31]

MKT 0.0088
(2.76)
[2.40]

0.0008
(0.22)
[0.20]

0.0067

SMB - 0.0010
(0.30)
[0.28]

0.0021

HML - 0.0062
(2.57)
[2.28]

0.0042

Adj R2 45.16% 51.65%

• The FF 3 factor model leads to little improvement over the CAPM
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Projects Vs. Firms: Within Industry BM Effect

• Sort firms into deciles based on their BM ratio within each of 
the 10 industries

• Merge firms a given BM deciles within each industry with firms 
in the corresponding BM deciles in the other industries

• Gives 10 industry within industry BM ratio sorted portfolios
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Projects Vs. Firms: Within Industry BM Effect …

BM nos Beta BM Vwret1

High 109.79 1.11 1.81 1.32%
2 114.68 1.05 1.23 1.14%
3 115.58 1.05 1.03 1.09%
4 114.86 1.04 0.88 1.06%
5 113.56 1.02 0.78 1.10%
6 116.68 1.04 0.68 0.96%
7 115.86 1.04 0.59 1.03%
8 114.58 1.06 0.50 1.00%
9 115.68 1.08 0.40 0.91%

Low 110.82 1.11 0.22 0.92%
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Projects Vs. Firms: Within Industry BM Effect …

• Time Series Regression Analysis of Ten within Industry BM sorted 
Portfolios, 1932-2007

CAPM
Average absolute error 13 bp/m

FF3
Average absolute error 6bp/m

GRS statistics 2.30 GRS statistics 0.90

p-value 0.015 p-value 0.525

• The FF 3 factor model leads to large improvement over the CAPM

• Evidence against the CAPM, but not the FF3 model

43



Projects Vs. Firms: Within Industry BM Effect …

Model 1 Model 2 Average Factor 
ReturnIntercept 0.078

1.77
1.77

0.0069
1.42
1.41

MKT -0.0025
-0.51
-0.48

-0.0017
-0.33
-0.31

0.0067

SMB - 0.0021
0.47
0.45

0.0021

HML - 0.025
0.87
0.80

0.0042

Adj R2 3.13% 54.39%

• The FF 3 factor model leads to large improvement over the CAPM
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Projects Vs. Firms: Within Industry BM Effect …

• Sort firms in each industry into terciles based on DE and BM, and 
combined across industries.  Within industry BM effect concentrated 
among firms in the highest leverage (DE) tercile

DE Beta Size BM
L M H L M H L M H

L 1.10 1.08 1.04 3,484.22 1,896.90 835.68 0.29 0.51 0.85
M 1.07 1.03 1.06 3,275.60 1,589.36 897.05 0.49 0.76 1.17
H 1.05 1.02 1.08 2,386.43 1,506.41 887.34 0.64 1.01 1.64

DE Capex Nayst
L 0.23 0.33 0.37 0.19 0.12 0.10 11.37 10.43 8.41
M 1.09 1.09 1.05 0.11 0.08 0.08 12.01 10.22 8.82
H 2.94 3.52 4.83 0.09 0.06 0.06 10.52 9.48 8.47

Grow Rdisp Vwret1
L 0.18 0.16 0.15 3.96 4.42 5.41 0.93% 0.89% 0.99%
M 0.14 0.13 0.13 4.17 4.63 5.83 1.04% 1.00% 1.02%
H 0.13 0.12 0.11 4.68 5.22 6.34 1.07% 1.20% 1.41%
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Projects Vs. Firms: Summary
• Across industry variation in BM ratio

• Range of average returns across ten industry 
portfolios with most BM variation

• 0.81% /m to 1.93%/m

• Neither CAPM nor FF3 Models can explain

• Within industry variation in BM ratio

• Range of average returns across ten within industry 
BM sorted portfolios

• 0.91% /m to 1.32%/m

• FF3 model can explain, but not the CAPM 

• Consistent with the view that BM effect captures within 
industry variations in Real Options effects
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BM Effect & Real Options: Further Evidence

• Proxies for importance of Real Options Effects

• Financial Leverage

• DE, Debt/Equity ratio

• Icov, Inverse of interest coverage (Interest/(OI+Dep)

• Long-term growth forecast for earnings

• Grow

• Size

• Market value of equity

• Capital Expenditure

• Capex
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BM Effect & Real Options: Further Evidence …

1932-2007
Betaaged - 0.02

(0.23)
- 0.03

(0.29)
0.03

(0.29)
0.02

(0.29)
0.02

(0.22)
Size - -0.08

(-1.87)
- -0.07

(-1.51)
-0.07

(-1.58)
-0.07

(-1.52)
-0.07

(-1.48)
DE - 0.09

(3.40)
- 0.03

(0.96)
0.03

(0.97)
0.03

(0.96)
0.04

(1.03)
Capex - -0.07

(-3.64)
- -0.07

(-3.76)
-0.07

(-3.70)
-0.07

(-3.80)
-0.07

(-3.71)
BM 0.15

(5.22)
- - 0.09

(2.46)
- - -

BMfitted - - 0.22
(4.14)

- - - -

BM*(Small Stock) - - - - 0.12
(3.04)

- -

BM*
(Large Stock)

- - - - 0.06
(1.40)

- -

BM*
(Low DE)

- - - - - 0.09
(1.79)

-

BM*
(High DE)

- - - - - 0.10
(2.32)

-

BM*
(Low Icov)

- - - - - - 0.06
(1.51)

BM*
(High Icov)

- - - - - - 0.13
(3.33)

Radj
2 1.75% 5.32% 1.94% 6.13% 6.21% 6.29% 6.31%

• Cross sectional regression of firm level stock returns on firm characteristics
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Summary & Conclusion
• Empirical evidence against the CAPM is impressive
• However, on closer examination

– Evidence stronger for firms that are likely to have 
more valuable Real Options

• Need to differentiate between 
– Projects and Options on Projects

• If Real Options are important we need to take them 
explicitly into account 
– Capital budgeting decisions
– Not through cost of capital
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Summary & Conclusion ….

• CAPM may be adequate for determining the expected 
return on an elementary project
– Need to augment time series methods with other 

information for estimating CAPM betas of projects
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A Skeptic’s View: 
Limited Value of a Cost of Capital Model

• Traditional View
– Financial capital in unlimited supply
– Managers should take all positive NPV projects

• Alternative View (Capital Rationing!)
– Organizational/Human capital in limited supply
– Firms in good situation 

• Choose a few “best” projects with large positive NPV
• Precise Estimates of Cost of Capital not Critical, as long as it is 

sufficiently large

– Firms facing extreme competition
• Take close to zero NPV projects
• Can not rely on “models” for cost of capital estimates
• Go to the “market” to find the cost of capital
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