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Risk and the Cost of Capital 

Lecture 4 

Chapters 9.1-9.3 
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How Firms Calculate the Cost of Capital 

Source: J. R. Graham and C. R. Harvey, J. of Fin. Econ. (2001) 
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9.1. Company Cost of Capital: Illustration 

COC)(Company 
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Different projects in a firm have different COC: 
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Example 

ÅSuppose the stock of Stansfield Enterprises has a 

beta of 2.5. The firm is 100-percent equity financed.  

ÅAssume a risk-free rate of 5% and a market risk 

premium of 10%. 

ÅWhat is the appropriate discount rate for an 

expansion of this firm? 

 

Å (Answer: use the CAPM, obtain 30%). 
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Using the SML to Estimate the Risk-Adjusted Discount 
Rate for Projects 
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Capital Structure 

Capital Structure - the mix of debt & equity within a 

company. 

Debt D and equity E add up to assets, which are equal 

to the total value of the firm V. 

V = D + E 

 

ÅExtending the CAPM to calculate the cost of equity 

capital used to finance projects: 

 

requity = rf + bequity ( rm - rf )   
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Capital Structure  

and the Companyôs COC (cost of capital) 
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where the CAPM is used to obtain  

requity = rf + bequity ( rm - rf ) 

IMPORTANT 

E, D, and V are 

all market values 

Denote the COC for the firm as r assets or rA.  

 

It is a weighted average of costs of debt and equity: 
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Capital Structure and COC 
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Return(%) 

bdebt bassets bequity 

Rdebt=8 

Rassets=12.2 

Requity=15 

Note that because bE > bD (equity is riskier than debt), we have RE > RD . 

Second, note that RA is a weighted average of RE and RD and, therefore, 

must lie between them. 
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The Firm versus the Project. Example 

 Suppose the Conglomerate Company has no debt, and its cost of capital, 

based on the CAPM, is 17%. The risk-free rate is 4%, the market risk 

premium is 10%, and the firm’s beta is 1.3.  

 (verifying the COC): 17% = 4% + 1.3 ×  [14% – 4%]   

 

This is a breakdown of the company’s investment projects: 

9 

1/3 Automotive retailer b = 2.0 

1/3 Computer Hard Drive Mfr. b = 1.3 

1/3 Electric Utility b = 0.6 

average b of assets = 1.3  (i.e., the firmôs beta) 

When evaluating a new electrical generation investment, 

which cost of capital should be used? 
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Investments & Project Risk 
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r = 4% + 0.6× (14% ï 4% ) = 10%   

10% reflects the opportunity cost of capital on an investment in 
electrical generation, given the unique risk of the project. 

10% 

24% 
Investments in hard 

drives or auto retailing 

have higher discount 

rates than utilities. 
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Investments & Project Risk: What happens if the firmôs 

OCC is used in place of project-specific OCC? 
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Estimating b with regression 
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Simply run a linear regression. Then 
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Measuring Betas (9.2) 

The 95% confidence interval for the beta is 

 

 

 

where the standard error of beta is 

 

              (we will not have to use this formula) 
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Goodness of Fit:  

the Coefficient of Determination R2 

The proportion of the variation in Y explained by the 

variation in X is referred to as goodness of fit, measured 

by R2 : the coefficient of determination 

     .      .          . 
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Low R2   High R2   
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How to Use R2: Example 

We estimated the CAPM, and the R2  is 0.13. 

This means that 13% of the variation in the stockôs return R can 

be explained by RM. 

In other words, 13% of total risk is market risk; the remaining 

87% is firm-specific risk. 

Note that when we apply R2, we must measure risk by variance, 

rather than standard deviation.  

Intuitively, the formula for R2 is based on squared residuals, and 

variance is also the sum of squared deviations from the mean. 

Here, if the volatility of returns R is 10%, then the variance of returns is         

s2 = 100,  and market risk is  100*0.13=13. 
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 Theoretically, the calculation of beta is straightforward 
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Measuring Betas  

GE 

Price data: July 1996 ï June 2001 

b = 1.17 

 

In this regression R2 = .13 

i.e. 13% of total risk 

(measured by variance when 

we apply R2) is market risk 
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General Electric (GE) 

Price data: July 2001 ï June 2006 

b= .83 

 

R2 = .17 
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Estimates of Beta for Selected Canadian Stocks 

Stock Betaô07 Betaô09 

Research in Motion 3.04 1.93 

Bank of Nova Scotia 0.28 1.27 

Bombardier 1.48 1.40 

Maple Leaf Foods 0.25 0.45 

Rogers Communications 1.17 1.23 

Canadian Utilities 0.08 -0.04 

19 
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Estimating Betas 

ÅWhat is the disadvantage of using too few 
observations (short time series) when estimating 
betas? 
ÁSmall samples can lead to inaccurate estimates. 

ÅWhat is the disadvantage of using too many 
observations (over long periods of time) when 
estimating betas? 
ÁFirms may expand, diversify, or change their industries over time, 

thereby making observations from the distant past out-of-date (so 
that new betas change). 

 

ÅThe problem is that we need years of data to estimate true 
expected returns based on observed average returns. 
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Methods of Estimating Time-Varying Betas 

Å―Rolling window‖ regressions on subperiods. 

ÁE.g. the ―window‖ is 3 months of daily returns. 

   3mo 

b1       b2         b3 
 

ÁResulting betas are imprecise because each beta is 

estimated on only 3 months of returns (63 observations). 

ÅKalman Filter 

ÁAlgorithm that uses all available sample data  
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Estimating Time-Varying Betas with Kalman Filter 

Fannie Mae & Freddie Mac example 
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Using Industry Beta 
Example: Estimated Betas of Railroads (Tab. 10.1) 

Beta equity

Standard 

Error

Burlington Northern Santa Fe 0.83 0.19

Canadian Pacific 0.9 0.31

CSX 0.99 0.2

Kansas City Southern 1.02 0.24

Norfolk Southern 0.78 0.26

Union Pacific 0.69 0.18

Industry portfolio 0.87 0.16

SE of the industry beta is much smaller than SEs of each company’s betas. 

It is frequently argued that one can estimate a firm’s beta 

better by involving the whole industry. 
The advantage is that the estimate of the industry portfolio beta is 

more precise than estimates of individual betas. 
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Using an Industry Beta 

Å If you believe that the operations of the firm are similar 

to the operations of the rest of the industry, you should 

use the industry beta. 

Å If you believe that the operations of the firm are 

fundamentally different from the operations of the rest of 

the industry, you should use the firm’s beta. 

ÅOne must verify that the leverage of the firm is not too 

different from other firms comprising the industry. 
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Financial Leverage Makes Equity Riskier: 

Example 

Consider Grand Sport, Inc., which is currently all-equity and has a 

beta of 0.90. The firm has decided to lever up to a capital structure 

of 50% debt and 50% equity. Assume a zero beta for debt.  

1) What is its new asset beta? 

Answer tip: the firm will remain in the same industry. 

 

2) What is the new equity beta? 
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Beware of Fudge Factors (9.3) 

Å A common bad practice is to make arbitrary adjustments 

to the discount rate to reflect worries about the future, 

that is to use a fudge factor to adjust discount rates. 

 

Examples of uncertain events affecting CFs: 

1) A new drug may not get the governmental approval (and 

cannot be sold)  

2) Unexpected weather condition would hurt the crop. 

3) Risk of a revolution or other uncontrollable events for 

business owners in some parts of the world 
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Example: Fudge factor vs. CF adjustment 

ÅA project is forecasted to produce a  $1M cash 

flow in one year. Let the COC be 10%. Then,  

 PV = C1 / (1+0.1) = $909,100 

 

ÅWhat if we are worried that we get nothing ($0) 

next year because of new circumstances? 

ÅOne can argue that the discount rate should be 

set higher (say, at 12%) because the 10% rate 

does not seem to account for all the risks. 

ÁThe extra 2% is the fudge factor ï it is arbitrary, not 

justified by any model or calculation. 
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Example (cont.) ï Adjusting the Cash Flows 

Å Initial forecast 

 CF Prob 
Prob.-

Weighted 

CF 

Expected

CF 

1.2 .25 .3 

1.0 1.0 .5 .5 

0.8 .25 .2 
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Example (cont.) ï Adjusting the Cash 

Flows 

ÅNew forecast 

 

 

 

 

ÅNew PV, at 10% 

 

PV = .9 / 1.1  

=$0.818 M 

CF Prob 
Prob.-

Weighted 

CF 

Expected

CF 

1.2 .225 .27 

0.9 

1.0 .45 .45 

0.8 .225 .18 

0 .1 0 
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Determinants of Beta 

ÅFinancial Risk 

ÁFinancial Leverage  
•As firms borrow, they face fixed costs (interest payments) that have a 

priority over payments to equity investors; earnings to equity investors 

become riskier. 

•This increased earnings volatility increases the equity beta 

 

ÅBusiness Risk 

ÁCyclicality of Revenues  

ÁOperating Leverage 
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Cyclicality of Revenues 

ÅHighly cyclical firms—firms whose revenues and 

earnings are strongly correlated with the rest of 

the economy (the business cycle) 

ÅThey tend to have high equity betas. 

ÁEmpirical evidence suggests that retailers and 

automotive firms fluctuate with the business cycle. 

ÁTransportation firms and utilities are less dependent 

upon the business cycle. 

ÅCyclicality impacts beta, not necessarily the total 

risk 
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Operating Leverage 

ÅMeasure 1 (intuitive): Operating leverage is a measure 

proportional to the ratio ñfixed costs / variable costsò. 

ÁFixed costs are capital investments, such as land or buildings, 

and do not change if sales (revenue) change; the amount of 

variable costs (wages, raw materials) changes with sales .  

Á It is reasonable to think that sales (output) change proportionately 

to the variable costs (inputs). 

Å High operating leverage (relatively high fixed cost) is similar to high 

financial leverage (relatively high interest pmts). 

 

 

Å Measure 2: The degree of operating leverage  

 measures how sensitive a firm’s profit    

 is to the revenue growth (p. 248) 

 

Revenuesin  %Change

in  %Change EBIT
DOL=
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Operating Leverage : Example 

ÅEarnings = Revenue – FC – VC  

Å If FC are high relative to VC,  

 a small increase in revenue leads to a 

large increase in profits (earnings). 

 

 

This shows that earnings are more volatile if operating leverage is high. 

Next, we confirm that a higher operating leverage leads to a higher beta. 

Firm 1: Low Operating 

Leverage  

($10M FC, $90M VC) 

Firm 2: High Operating 

Leverage  

($90M FC, $10M VC) 

Initial Revenue $200M $200M 

Initial Earnings $200 - $10 - $90 = $100M $200 - $90 - $10 = $100M 

New Revenue 

(double) $400M $400M 

New Earnings $400 - $10 - $180 = $210M $400 - $90 - $20 = $290M 

Archimedes 
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Asset Beta, Revenue Beta (p. 222) 

PV(asset)

cost) PV(fixed
                                       

PV(asset)

cost) ePV(variabl

PV(asset)

)PV(revenue

cost fixed
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b

bbb
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cost variablecost fixedrevenueasset PV  PVPVPV --=

then 

Assume a zero fixed-cost beta. Also assume that betas of 

revenue and variable cost are equal (because they respond 

to the same risk factor) 
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Asset Betas 
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Upshot:  

•A higher portion of fixed costs in the project (higher operating leverage) 

increases its beta. 

•Beta of revenue reflects the cyclicality and can also increase the total beta of 

the project. 

After this simplification, we obtain the asset beta 
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HW problem (Chapter 9, Q18) 

 You run a perpetual encabulator machine, which generates revenues 
averaging $20 million per year. Raw material costs are 50 percent of 
revenues. These costs are variable ï they are always proportional to 
revenues. There are no other operating costs. The cost of capital is 9%. 
Your firmôs long-term borrowing rate is 6%.  

 

 Now you are approached by Studebaker Capital Corp., which proposes a 
fixed-price contract to supply raw materials at $10 million per year for 10 
years. 

 

a. What happens to the operating leverage and business risk of the 
encabulator machine if you agree to this fixed-price contact? 

b. Calculate the present value of the encabulator machine with and without 
the fixed-price contract? 

 

Hints: 1) the fixed-price contract means that you will have ―fixed cost‖ to pay.  

 2) After 10 yrs, you will only have the (perpetual) variable cost. Use a DCF 
annuity & horizon PV calculation. 
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ñEncabulatorò 
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