
Defining and Measuring Risk 

֙Risk is the chance that an unexpected 
outcome will occur. 

֙A probability distribution is a listing of all 
possible outcomes with a probability 
assigned to each. 
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Probability Distributions 

֙ It either will rain, or it will not rain; there 
are only two possible outcomes. 

Outcome Probability  

Rain   0.40  =  40% 

No Rain   0.60  =  60% 

 1.00     100% 
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Probability Distributions 

֙ Martin Products and U. S. Electric 
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 Rate of Return on Stock if 
 State of the Probability of This the Economic State Occurs 

 Economy State Occurring Martin Prod. U.S. Electric 

Boom 0.2 110% 20% 

Normal 0.5 22 16 

Recession 0.3 ς60 10 

 1.0 



Expected Rate of Return 

֙Rate of return expected to be realized from 
an investment during its life. 

֙Mean value of the probability distribution 
of possible returns. 

֙Weighted average of the outcomes, where 
the weights are the probabilities. 
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Expected Rate of Return 
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Total Risk (Stand-Alone Risk):  
The Standard Deviation (s) 
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Standard Deviation (s): 
Martin Products 
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 110% ς 15% = 95 9,025 0.2 9,025 x 0.2 = 1,805.0 

 22 ς 15 = 7 49 0.5 49 x 0.5 = 24.5 

 ς60 ς 15 = ς75    5,625    0.3 5,625 x 0.3 = 1,687.5 

        ±ŀǊƛŀƴŎŜ Ґ ˋ2 = 3,517.0 

 ri   ri  -  (ri -   )
2  (ri -   )

2Pri 
 (1)  ς  (2) = (3) (4) (5) (4) x (5)  = (6) 

Ĕr Ĕr Ĕr Ĕr

{ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ Ґ ˋ Ґ  



Estimated Standard Deviation, s 
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Measuring Risk: Coefficient of 
Variation 

֙Calculated as the standard deviation 
divided by the expected return. 

֙Useful where investments differ in risk and 
expected returns. 
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Risk Aversion and Required 
Returns 

֙Risk-averse investors require higher rates of 
return to invest in higher-risk securities. 

֙Risk Premium (RP): 

Ç The portion of the expected return that can be 
ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀƴ ƛƴǾŜǎǘƳŜƴǘΩǎ ǊƛǎƪƛƴŜǎǎΦ 

Ç The difference between the expected rate of 
return on a given risky asset and that on a less 
risky asset. 
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Risk-Free Return, rRF = r* + Inflation Premium = r* + IP 

Payment for Risk = Risk Premium = RP 
 

Risk 

Return 
(r) 

rRF 

r = rRF + RP 

rLow 

rAvg 

rHigh 

Below Average Risk Average Risk Above Average Risk 

Risk/Return Relationship 



Portfolio Returns 

֙Expected return on a portfolio,  
  

 

Ĕ r p

The weighted average expected return on the 
stocks held in the portfolio. 
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Portfolio Returns 

֙Realized rate of return,  

Ç The return that is actually earned. 

Ç Actual return usually differs from expected 
return. 

© 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted in a license 
distributed with a certain product or service or otherwise on a password-protected website for classroom use.  

13 



Portfolio Risk 

֙Correlation Coefficient, r 

Ç Measures the degree of relationship between 
two variables. 

Ç Positively correlated stocks (r > 0) have rates 
of return that move in the same direction. 

Ç Negatively correlated stocks (r < 0) have rates 
of return that move in opposite directions. 
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Portfolio Risk 

֙Risk Reduction 

Ç Combining stocks that are not perfectly 
correlated will reduce the portfolio risk 
through diversification. 

Ç The riskiness of a portfolio is reduced as the 
number of stocks in the portfolio increases. 

Ç The smaller the positive correlation, the lower 
the risk. 

Ç The greater the negative correlation, the lower 
the risk. 
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Firm-Specific Risk versus Market 
Risk 

֙Firm-Specific Risk: 

Ç ¢Ƙŀǘ ǇŀǊǘ ƻŦ ŀ ǎŜŎǳǊƛǘȅΩǎ Ǌƛǎƪ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
random outcomes generated by events, or 
behaviors, specific to the firm.  

Ç Firm-specific risk can be eliminated through 
proper diversification. 

Ç Also called diversifiable risk or unsystematic 
risk. 
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Firm-Specific Risk versus Market 
Risk 

֙Market Risk: 

Ç ¢Ƙŀǘ ǇŀǊǘ ƻŦ ŀ ǎŜŎǳǊƛǘȅΩǎ Ǌƛǎƪ ǘƘŀǘ Ŏŀƴƴƻǘ ōŜ 
eliminated through  diversification because it 
is associated with economic, or market factors 
that systematically affect all firms. 

Ç Also called nondiversifiable risk or systematic 
risk. 
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Firm-Specific Risk versus Market 
Risk 

֙Relevant risk = market risk: 

Ç The risk associated with a security that cannot 
be diversified away 

Ç ¢Ƙƛǎ Ǌƛǎƪ ǊŜŦƭŜŎǘǎ ŀ ǎŜŎǳǊƛǘȅΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ 
the total risk of a portfolio. 

֙ Irrelevant risk = firm-specific risk: 
Ç The risk associated with a security that can be 

diversified away. 
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The Concept of Beta 

֙Beta Coefficient, b: 

Ç A measure of the extent to which the returns on 
a given stock move with the stock market, 
ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘǎ ŀƴ άŀǾŜǊŀƎŜέ ǎǘƻŎƪΦ 

Ç The entire market is extremely well diversified 
(theoretically perfectly diversified), because it 
includes all investments. 
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The Concept of Beta (cont.) 

֙b = 0.5: stock is only half as volatile, or risky, 
as the average stock. 

֙b = 1.0: stock has the same risk as the 
average stock (same as the market). 

֙b = 2.0: stock is twice as risky as the average 
stock. 
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Portfolio Beta Coefficients 

֙The beta of any set of securities is the 
weighted average of the individual 
ǎŜŎǳǊƛǘƛŜǎΩ ōŜǘŀǎ 
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Risk Premium for a Stock 

© 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted in a license 
distributed with a certain product or service or otherwise on a password-protected website for classroom use.  

23 

Risk premium for Stock j = RPj = RPM Ȅ ʲj  

 = (rM ς rRF) j̡ 

RPM  = Market (average stock) risk premium 

rM  = Market (average stock) return 

rRF = Risk-free rate of return 



The Required Rate of Return for a 
Stock, rj 
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Required return = Risk-free return + Premium for risk 

    rj = rRF + RPj  

     = rRF + (RPM) j̡ 

     = rRF + (rM ς rRF) ɓj 

 

 



Capital Asset Pricing Model 
(CAPM) 
֙ A model used to determine the required return 

on an asset, which is based on the proposition 
ǘƘŀǘ ŀƴȅ ŀǎǎŜǘΩǎ ǊŜǉǳƛǊŜŘ ǊŀǘŜ ƻŦ ǊŜǘǳǊƴ ǎƘƻǳƭŘ 
equal the risk-free return plus a risk premium that 
ǊŜŦƭŜŎǘǎ ǘƘŜ ŀǎǎŜǘΩǎ nondiversifiable risk. 
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        Risk premium for 
        systematic risk 

    rj = rRF + (rM ς rRF) ̡ j 

 

Required return = Risk-free return + 



Security Market Line (SML): 

֙A graph of the CAPM 

֙The line that shows the relationship 
between risk as measured by beta and the 
required rate of return for individual 
securities. 

© 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted in a license 
distributed with a certain product or service or otherwise on a password-protected website for classroom use.  

26 



27 
© 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted in a license 
distributed with a certain product or service or otherwise on a password-protected website for classroom use.  

Required Rate 
of Return (%) 

Relevant Risk, ̡j 
0 0.5 1.0 1.5 2.0 

rHigh = 17 
 
 
 
 

rM = rA = 11 
 
 

rLow =   8 
 
 

rRF =   5 
 

Relatively Risky 
{ǘƻŎƪΩǎ wƛǎƪ 
Premium: 12% 

. 
SML: ri = rRF + (rM ς rRFύʲi 

Market (Average Stock) 
Risk Premium: 6% Safe Stock 

Risk  
Premium: 3% 

Risk-Free  
Rate: 5% 

. 

. 

Security Market Line (SML) 



The Impact of Inflation 

֙ rRF is the price of money to a riskless 
borrower. 

֙The nominal rate consists of:  
Ç a real (inflation-free) rate of return, and 

Ç an inflation premium (IP) 

֙An increase in expected inflation would 
increase the risk-free rate. 

֙The SML would experience a parallel, 
upward shift. 
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Changes in Risk Aversion 

֙The slope of the SML reflects the extent to 
which investors are averse to risk. 

֙An increase in risk aversion increases the 
risk premium, which increases the slope of 
the SML. 
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/ƘŀƴƎŜǎ ƛƴ ŀ {ǘƻŎƪΩǎ .Ŝǘŀ 
Coefficient 

֙The Beta risk of a stock is affected by: 
Ç composition of its assets 

Ç use of debt financing 

Ç increased competition 

Ç expiration of patents 

֙Any change in the required return (from 
change in beta or in expected inflation) 
affects the stock price. 
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Stock Market Equilibrium 

֙The condition under which the expected 
return on a security, r, is just equal to its 
required return, 

֙Actual market price equals its intrinsic 
value as estimated by the average investor, 
which leads to price stability; otherwise, 
buying or selling in the market makes the 
appropriate adjustment. 

rĔ
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Changes in Equilibrium Stock Prices 

֙Stock prices are not constant due to 
changes in: 

Ç Risk-free rate, rRF, 

Ç Market risk premium, rM ς rRF, 

Ç {ǘƻŎƪΩǎ beta coefficient, bs, 

Ç {ǘƻŎƪΩǎ expected growth rate, g, and 

Ç Changes in expected dividends,    . t
ĔD
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Physical Assets Versus Securities 

֙Riskiness of real assets is only relevant in 
ǘŜǊƳǎ ƻŦ ƛǘǎ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǎǘƻŎƪΩǎ ǊƛǎƪΦ 
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Word of Caution 

֙CAPM 
Ç Based on expected conditions 

Ç Only have historical data 

Ç As conditions change, future volatility might 
differ from past volatility 

Ç Estimates are subject to error 
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Different Types of Risk 

֙  Systemic Risks 

Ç Interest rates 

Ç Inflation 

Ç Maturity 

Ç Liquidity 

Ç Exchange rate 

Ç Political 
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Different Types of Risk (cont.) 

֙  Unsystemic Risks 

Ç Business 

Ç Financial 

Ç Default 

֙Combined Risks 

Ç Total 

Ç Corporate 
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What is Capital Budgeting? 

֙The process of planning and evaluating 
expenditures on assets whose cash flows 
are expected to extend beyond one year. 
Ç Analysis of potential additions to fixed assets. 

Ç Long-term decisions generally involve large 
expenditures. 

Ç ±ŜǊȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ŦƛǊƳΩǎ ŦǳǘǳǊŜΦ 
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Generating Ideas for Capital 
Projects 

֙.ƻǘƘ ŀ ŦƛǊƳΩǎ ƎǊƻǿǘƘ ŀƴŘ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ 
remain competitive depend on a constant 
flow of ideas for new products, ways to 
make existing products better, and ways to 
produce output at a lower cost. 

֙Procedures must be established for 
evaluating the worth of such projects. 
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Project Classifications 

֙Replacement Decisionsτwhether to 
purchase capital assets to take the place of 
existing assets primarily to maintain 
existing operations. 

֙Expansion Decisionsτwhether to purchase 
additional capital projects to increase 
existing operations (grow the firm). 
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Project Classifications (cont.) 

֙ Independent Projectsτprojects whose cash 
flows are not affected by decisions made 
about other projects. 

֙Mutually Exclusive Projectsτa set of 
projects where the acceptance of one 
project means the others cannot be 
accepted. 
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The Post-Audit 

֙Compares actual results with those 
ǇǊŜŘƛŎǘŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎǇƻƴǎƻǊǎ ŀƴŘ 
explains why any differences occurred 

֙Two main purposes: 
Ç To improve forecasts 

Ç To improve operations 
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Similarities between Capital Budgeting and 
Asset Valuation 

1. Estimate the cash flows expected from the 
project. 

2. Evaluate the riskiness of cash flows.  

3. Compute the present value of the expected cash 
Ŧƭƻǿǎ ǘƻ ƻōǘŀƛƴ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ŀǎǎŜǘΩǎ ǾŀƭǳŜ ǘƻ 
the firm. 

4. Compare the present value (PV) of the future 
expected cash flows (CF) with the initial 
investment. If (PV of CF) > (Initial Investment), 
purchase the asset. 
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Net Present Value: Sum of the PVs of Inflows 
and Outflows 

NPV Decision Rule:  
 A project is acceptable if NPV > $0 
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Net Cash Flows for  
Project S and Project L 
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Expected After-Tax 
Net Cash Flows,xxx    

Year (t) Project S Project L  
 0 $(3,000) $(3,000) 
 1 1,500 400 
 2 1,200 900 
 3 800 1,300 
 4 300 1,500 

tCF
Ø



Cash Flow Timelines for  
Project S and Project L 
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Project S: 0 1 2 3 4 

Net cash flow (3,000) 1,500 1,200 800 300 

Net cash flow (3,000) 400 900 1,300 1,500 

Project L: 0 1 2 3 4 



²Ƙŀǘ ƛǎ tǊƻƧŜŎǘ {Ωǎ bt±Κ 
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 (3,000.00) 1,500 1,200 800 300 

 1,363.64 

 991.74 

 601.05 

    204.90 

 NPVS = 161.33 

0 1 2 3 4
  

r =  10% 

Cash Flows: 

Project S is acceptable, because its NPV is positive. 



Rationale for the NPV method: 

֙NPV  =  (PV future CFs) ς Cost   

 = Net gain in wealth (value) 

֙Accept project if NPV > 0. 

֙Choose between mutually exclusive 
projects on basis of higher NPV. 

֙Which adds most value? 
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Using NPV method: Which project(s) 
should be accepted? 

֙NPVS = 161.33 and NPVL = 108.67 

֙ If Projects S and L are mutually exclusive, 
accept Project S because NPVS > NPVL  

֙ If Projects S and L are independent, accept 
both, because both have NPV > 0. 
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Internal Rate of Return (IRR) 

֙ IRR is the rate of return that will be earned 
if a project is purchased and held for its 
entire life. 

֙ IRR Decision Rule: A project is acceptable if 
Lww Ҕ όŦƛǊƳΩǎ ǊŜǉǳƛǊŜŘ ǊŀǘŜ ƻŦ ǊŜǘǳǊƴΣ Ǌύ 
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Calculating IRR 

A project is acceptable if IRR > r 
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Calculating the IRR for Project S 
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Calculating the IRR for Project S 
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Rationale for the IRR Method 

֙LŦ όǇǊƻƧŜŎǘΩǎ ǊŀǘŜ ƻŦ ǊŜǘǳǊƴΣ Lwwύ Ҕ όŦƛǊƳΩǎ 
required rate of return, r), then some 
ǊŜǘǳǊƴ ƛǎ ƭŜŦǘ ƻǾŜǊ ǘƻ ōƻƻǎǘ  ǎǘƻŎƪƘƻƭŘŜǊǎΩ 
returns. 

 

Example: IRR = 13% > r = 10%; profitable 
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Decisions on Projects S and L per 
IRR 

֙ If Project S and Project L are independent, 
accept both.  IRRS = 13.1% > IRRL = 11.4% > 
r = 10%. 

֙ If Project S and Project L are mutually 
exclusive, based on IRR, Project S is more 
acceptable because IRRS > IRRL  
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NPV Profiles for Project S and 
Project L 
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Discount Rate NPVS NPVL 

 0% $800.00 $1,100.00 
 5 454.89 554.32 
 10 161.33 108.67 
 15 (  90.74) (259.24) 
 20 (309.03) (565.97) 
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Two Reasons NPV Profiles Cross: 

֙Size (scale) differences:  Smaller project 
frees up funds at t = 0 for investment.  The 
higher the opportunity cost, the more 
valuable these funds; thus, high r favors 
small projects. 

֙Timing differences:  Project with faster 
payback provides more CF in early years for 
reinvestment.   

 
© 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted in a license 
distributed with a certain product or service or otherwise on a password-protected website for classroom use.  

57 



Reinvestment Rate Assumptions 

֙NPV assumes reinvest at r. 

֙ IRR assumes reinvest at IRR. 

֙Reinvest at opportunity cost, r, is more 
realistic, so NPV method is better.   

֙NPV should be used to choose between 
mutually exclusive projects; ensures value 
is maximized. 
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Modified Internal Rate of Return 

֙ A better indicator of relative profitability; better for use in 
capital budgeting 

W֙hat is 'Modified Internal Rate Of Return - MIRR' 

ÇModified internal rate of return (MIRR) assumes that 
positive cash flows are reinvested at the firm's cost of 
capital, and the initial outlays are financed at the firm's 
financing cost. By contrast, the traditional internal rate of 
return (IRR) assumes the cash flows from a project are 
reinvested at the IRR. The MIRR more accurately reflects 
the cost and profitability of a project. 

M֙IRR Rule:  A project is acceptable if MIRR > r 
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Traditional Payback Period 

֙The length of time it takes to recover the 
original cost of an investment from its 
expected cash flows 
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Traditional Payback Period (cont.) 

֙PB Decision Rule: A project is acceptable if  
PB < n*  

֙n* = years determined by the firm 
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Payback Period (PB) for Project S 
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Discounted Payback Period (DPB) 

֙The traditional payback period does not 
consider the time value of money; the 
discounted payback period does. 

֙DPB = the length of time it takes for a 
ǇǊƻƧŜŎǘΩǎ ŘƛǎŎƻǳƴǘŜŘ όt± ƻŦύ ŎŀǎƘ Ŧƭƻǿǎ ǘƻ 
repay the cost of the investment. 

֙DPB Decision Rule:  A project is acceptable 
ƛŦ 5t. ғ tǊƻƧŜŎǘΩǎ ǳǎŜŦǳƭ ƭƛŦŜΦ 
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Discounted Payback Period (DPB) 
for Project S 
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  0 1 2 3 4 

Net cash flow (3,000) 1,500.00 1,200.00 800.00 300.00 
Discounted CF (3,000) 1,363.64 991.74 601.05 204.90 
Cumulative DCF (3,000) (1,636.36) (644.62) (43.57) 161.33 

S

43.57
DPB 3 3.2 years

204.90
= + =

DPBS = 3.2 

DPBS < 4 years, thus the project is acceptable. 



Capital Budgeting Methods Used in 
Practice 

֙Companies use more sophisticated capital 
budgeting techniques today than in the 
past (20 ς 30 years ago).  

֙Companies use multiple capital budgeting 
techniques when making investment 
decisions. 
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Cash Flow Estimation 

֙Most important and most difficult step in 
the analysis of a capital project is 
forecasting future cash flows. 

֙CƛƴŀƴŎƛŀƭ ǎǘŀŦŦΩǎ ǊƻƭŜ ƛƴŎƭǳŘŜǎΥ 
Ç /ƻƻǊŘƛƴŀǘƛƴƎ ƻǘƘŜǊ ŘŜǇŀǊǘƳŜƴǘǎΩ ŜŦŦƻǊǘǎΦ 

Ç Ensuring that everyone uses the same set of 
economic assumptions. 

Ç Making sure that no biases are inherent in 
forecasts. 
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Relevant Cash Flows 

֙Cash Flow Versus Accounting Income 

Ç Evaluate only after-tax cash flows 

֙ Incremental Cash Flows 

Ç Evaluate only cash flows that change if 
the capital budgeting project is 
purchased. 
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Incremental Cash Flows 

֙An Incremental Cash Flow is the change in a 
ŦƛǊƳΩǎ ƴŜǘ ŎŀǎƘ Ŧƭƻǿ όƛƴŎǊŜŀǎŜ ƻǊ ŘŜŎǊŜŀǎŜύ 
associated with purchasing an investment 
(asset). 
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Problems in Determining 
Incremental Cash Flows 

֙ Sunk Costτa cash outlay that already has been 
incurred and will not be recovered if the project is 
purchased.  

֙ Opportunity Costτthe return on the best 
alternative use of an asset. 

֙ Externalitiesτthe effect that purchasing a project 
has on the cash flows in other parts of the firm 

֙ Shipping and Installation Costs 

֙ Inflation 
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Identifying Incremental Cash 
Flows 

֙ Initial Investment Outlayτthe incremental 
cash flows that occur only at the beginning 
ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ life. 

Ç Purchase price 

Ç Shipping and installation 

Ç Tax effect of selling an old asset 

Ç Change in investment in working capital  
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Identifying Incremental Cash 
Flows (cont.) 

֙Supplemental Operating Cash Flowτ
changes in cash flows that are sustained 
throughout the life of the asset; the cash 
flow effects are ongoing. 

Ç Change in net sales 

Ç Change in salaries and other operating 
expenses 

Ç Change in taxes  
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Identifying Incremental Cash 
Flows (cont.) 

֙Terminal Cash Flowτthe cash flows 
associated with the project that occur only 
ŀǘ ǘƘŜ ŜƴŘ ƻŦ ŀ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜ when the firm 
disposes of the project. 

Ç Salvage value 

Ç Tax effect of salvaging an asset 

Ç Change in net working capital 

Ç Lost opportunity to salvage a replaced asset 
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Supplemental Operating Cash 
Flow 
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Supplemental
Cash revenues  - Cash expenses  - Taxes

operating CF
NOI (1 T) Depr

( NOI Depr ) (1 T) T Depr

Ø =D D D

=D ³ - +D

= D +D ³ - + D

 ɲNOIt = change in net operating income that results 
from purchasing the project 

ɲDeprt = change in depreciation expense associated with 
the purchase of the project 

 T = marginal tax rate 
 
 



Capital Budgeting Project 
Evaluation 

֙Expansion Projectτdecision as to whether 
to add a project that is intended to increase 
sales; provides growth to the firm. 

֙Replacement Analysisτdecision as to 
whether to replace an existing, still 
productive asset with a new asset. 
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Expansion Project Analysisτ
Example: HEP Project ($000) 
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֙Purchase price  $(9,500) 

֙Shipping and installation  $(   500) 

֙Increase in net working capital  $(4,000) 

֙Estimated life      4 years 

֙Salvage  $ 2,000 

֙Increase in net sales  $30,000 

֙Variable cost ratio  60% 

֙Increase in overhead (excl. depr.)  $(5,000) 

֙Marginal tax rate          40% 

֙Depreciation method 5-year MACRS 


