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	1. Financial Management, 15.414
Prof.  Jonathan Lewellen
MOT Program, Summer 2003
 


	2. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Preliminaries
Reading
x Brealey and Myers, Principles of Corporate Finance
x Class notes
x Reading packet + handouts
Web pages
x Course server
x Data: wrds.wharton.upenn.edu
2
 


	3. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Preliminaries
Teaching assistant
x Recitations: Monday, Wednesday
Grades
x Assignments (45%) and final exam (40%)
x Class participation (15%)
x Add’l practice problems on syllabus (not graded)
3
 


	4. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Today
Introduction
Overview of the course
4
 


	5. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Introduction
Corporate finance
x Investment policy
How the firm spends its money (real and financial assets)
x Financing and payout policy
How the firm obtains funds (debt, equity, …) and dispurses of
excess cash
5
 


	6. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Balance sheet view of the firm
Assets Liabilities and Equity
Current
Assets
Fixed Assets
assets
2. Intangible
1. Tangible fixed
fixed assets
Current Liabilities
Long-Term Debt
Shareholders’
Equity
6
 


	7. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Introduction
But we also need to understand …
x Capital markets
How securities (stocks, bonds, options, …) are traded
Pricing
Risk and return
Market efficiency
International markets
7
 


	8. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Financial markets
Financial
Fi
Curr Debt
Individuals
Fixed Equity
assets Financial
i i
rms Markets
assets
Government
Intermed ar es
8
 


	9. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Size and stock returns
0.40
0.60
0.80
1.00
1.20
1.40
Avg
returns
(%
monthly)
Small 2 3 4 5 6 7 8 9 Big
Firms sorted by market value (deciles)
9
 


	10. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Accruals and stock returns
0.20
0.40
0.60
0.80
1.00
1.20
Avg
returns
(%
monthly)
Low 2 3 4 5 6 7 8 9 High
Firms sorted by last year's operating accruals (deciles)
10
 


	11. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Introduction
Finance is really about value
x Firms
x Projects and real investments
x Securities
Central question
How can we create value through investment and financing
decisions?
11
 


	12. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Merck
Medco acquisition (1993)
Strategic considerations
Positioning
Does the acquisition generate competitive advantages?
Sustainability
Are the competitive advantages sustainable through time?
Financial considerations
Investment
Does the acquisition generate value for Merck?
Financing
What is the best way to finance it?
12
 


	13. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Types of questions
Investment decisions
At the end of 2001, GM had $18.6 billion in cash. Should it invest
in new projects or return the cash to shareholders? If it decides to
return the cash, should it declare a dividend or repurchase stock?
If it decides to invest, what is the most valuable investment? What
are the risks?
13
 


	14. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
General Dynamics
1980s were generally good
x Strong sales growth ($4.7 billion to $10.2 billion)
x Reasonable profitability
x RD and capital investment
Beginning of 1990
x End of the Cold War
x Likely decline in defense spending
x Strategy??
14
 


	15. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
General Dynamics
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
RD + CapExp Net Inc
$
15
 


	16. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Value of $100 invested Jan. ‘80
$500
$400
$300
$200
$100
$0
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Market
GD
17
 


	17. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
General Dynamics
Investment, 1980 – 1990
RD + capital expenditures $3.7 billion
If invested at 10% $5.5 billion
Ending market value $1.0 billion
Value destroyed $4.5 billion
Earnings in 1990 = $578 million
Investment in 1990 = $711 million
18
 


	18. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
General Dynamics
1991 – 1993
William Anders, CEO
Divestitures and layoffs
Sales, $10.2 to $3.2 billion
Employees, 54,050 to 26,800 (cont. operations)
Investment cuts
RD, $390 to $33 million
Cap exp, $321 to $14 million
Cash payouts
$3.4 billion to shareholders
19
 


	19. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
GD: 1987 – 1997
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
RD + CapExp
Net Inc
$
20
 


	20. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Value of $100 invested Jan. ‘91
$700
$600
$500
$400
$300
$200
$100
$0
1987 1988 1989 1990 1991 1992 1993 1994
GD
Market
21
 


	21. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Types of questions
Financing decisions
In 1998, IBM announced that it would repurchase $2.5 billion in
stock. Its price jumped 7% after the announcement. Why? How
would the market have reacted if IBM increased dividends
instead? Suppose Intel made the same announcement. Would
we expect the same price response?
Your firm needs to raise capital to finance growth. Should you
issue debt or equity or obtain a bank loan? How will the stock
market react to your decision? If you choose debt, should the
bonds be convertible? callable? Long or short maturity? If you
choose equity, what are the trade-offs between common and
preferred stock?
22
 


	22. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Types of questions
Financial markets
In the 5 years from Jan. 1995 to Dec. 1999, the U.S. stock market
increased in value by 227%. DY on the SP 500 dropped from
2.90% to 1.17%, and the P/E ratio increased from 14.9 to 32.4.
Why? What does this tell us about future returns? How should it
affect our financing and investment decisions?
From 1946 – 1999, small firms returned 17.8% and large firms
returned 12.8%. From 1963 – 1999, stocks with low B/M ratios
returned 13.8% and those with high B/M ratios returned 19.6%.
What explains the differences? How can we measure a stock’s
risk? What does this mean for financing and investment
decisions?
23
 


	23. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
SP 500 dividend yield, 1871 – 1999
14%
12%
10%
8%
6%
4%
2%
0%
1871 1887 1903 1919 1935 1951 1967 1983 1999
24
 


	24. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
SP price-earnings ratio, 1871 – 1999
35
28
21
14
7
0
1871 1887 1903 1919 1935 1951 1967 1983 1999
25
 


	25. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
The course
Broad and fairly quick survey
Managerial focus (general managers)
Empirically-oriented
26
 


	26. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
Outline
Part1. Valuation
Basic principles
Capital budgeting and real options
Firm valuation
Part 2. Risk and return
Diversification
Measuring risk: CAPM and APT
Estimating discount rates
Market efficiency
Part 3. Financing and dividend policy
Debt vs. equity
Dividends and stock repurchases
27
 


	27. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 1
A few powerful themes
i. Value maximization
ii. Cash flows
iii. Risk, return, and diversification
iv. Market efficiency
v. Information asymmetries and signaling
28
 


	28. Principles of valuation
Class  2
Financial Management, 15.414
 


	29. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Today
Principles of valuation
• Present value
• Opportunity cost of capital
Reading
• Brealey and Myers, Chapters 2 and 3
2
 


	30. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Valuation
Applications
• Real assets (capital budgeting)
• Bonds (financing decisions)
• Stocks and firms (financing decisions, MA, …)
Common feature
Invest cash today in exchange for expected, but generally risky,
cashflows in the future.
Time 0 1 2 3 4 L
Cost CF0 L
Payoff CF1 CF2 CF3 CF4 L
3
 


	31. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Examples
In May 2000, the U.S. Treasury issued 30-year bonds with a
coupon rate of 6 1/4 percent, paid semiannually. The principal will
be repaid in May 2030, and a bond with a face value of $1000
pays $31.25 every six months until then.
You work for Boeing. The CEO asks you to recommend whether
or not to proceed with development of a new regional jet. You
expect development to take 2 years, cost roughly $750 million,
and you hope to get unit costs down to $32 million. You forecast
that Boeing can sell 30 planes each year at an average price of
$41 million.
Firms in the SP 500 are expected to earn, collectively, $32 this
year and to pay dividends of $18. Dividends and earnings have
historically grown about 3.2% annually in real terms (6.6% in
nominal terms) since 1926.
4
 


	32. 0
MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Valuation
Asset
CF0 CF2 CF6
1 yr 2 yr … … … 6 yr
What determines the value of the asset? What factors are
important?
5
 


	33. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Valuation
Suppose CFt is riskless
Time value of money
A $1 received in the future is always worth less than $1
received today.
If the interest rate is r, then the ‘present value’ of a riskless
cashflow CFt received in t years is:
Present value = t
t
)
r
1
(
CF
+
6
 


	34. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
PV of $1 received in year t
$1.0
$0.8
$0.6
$0.4
$0.2
$0.0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
r = 0.04 r = 0.08 r = 0.12
Year when $1 is received
7
 


	35. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Time value of money
You have $1 today and the interest rate on riskfree investments
(Treasury bills) is 5%.
How much will you have in …
1 year … $1 × 1.05 = $1.05
2 years … $1 × 1.05 × 1.05 = $1.103
t years … $1 × 1.05 × 1.05 × … × 1.05 = $1.05t
These cashflows are equivalent to each other. They all have
the same value.
⇒ $1 today is equivalent to $(1+r)t
in t years
⇒ $1 in t years is equivalent to $1 / (1+r)t
today
8
 


	36. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Example
Your firm spends $800,000 annually for electricity at its Boston
headquarters. A sales representative from Johnson Controls wants
to sell you a new computer-controlled lighting system that will reduce
electrical bills by roughly $90,000 in each of the next three years. If
the system costs $230,000, fully installed, should you go ahead with
the investment?
Lighting system
Year 0 1 2 3
Cashflow -230,000 90,000 90,000 90,000
$270,000
9
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Example, cont.
Assume the cost savings are known with certainty and the interest
rate is 4%.
Year 0 1 2 3
Cashflow -230,000 90,000 90,000 90,000
÷ 1.04 1.042
1.043
PV -230,000 86,538 83,210 80,010
Net present value
NPV = -230,000 + 86,538 + 83,210 + 80,010 = $19,758
$249,758
Go ahead.
10
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Example, cont.
Perspective 2
Instead of investing $230,000 in the lighting system, you put it in the
bank. Is this investment better or worse than investing in the lighting
system?
Year 1 2
Beg. balance 230,000 149,200 65,168
End. balance (r = 0.04) 239,200 155,168 67,775
Withdrawal 90,000 90,000 67,775
Balance forward 149,200 65,168
The project creates value because it has a higher return than
other riskfree investments.
11
3
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Fundamental principle
The value of any asset or investment equals the
of the expected cashflows:
NPV = CF0 + ...
CF
CF
CF
CF
CF
5
5
4
4
3
3
2
2
1
+
+
+
+
+
+
+
+
+
+
net present value
r)
(1
r)
(1
r)
(1
r)
(1
r)
(1
Risk should be incorporated into r
The discount rate for the investment equals the rate of return
that could be earned on an investment in the financial markets
with similar risk.
r = ‘opportunity cost of capital’ or ‘required rate of return’
A project creates value only if it generates a higher return than
similar investments in the financial market.
12
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Example
Lighting system, cont.
Electricity prices can fluctuate, so you’re not sure how much the
firm will save by investing in the lighting system. Your best guess
is that the firm will save $90,000 in each of the next three years,
but the savings could be higher or lower. Risk is comparable to
an investment in utility stocks, which have an expected rate of
return of 7%.
000
,
90
NPV = -230,000 +
000
,
90
+
07
.
1 2
+
000
,
90
= $6,188
07
.
1 07
.
1 3
Go ahead. The project is now less valuable, but it still creates
value since NPV  0.
13
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Applications
(1) Diversifying investments
It’s 1990 and you work for ATT. Your boss, Robert Allen, asks
you to evaluate a possible merger with NCR, a large computer
manufacturer.
As part of the analysis, you need to come up with an appropriate
discount rate for valuation. Investors generally require a 10%
return on investments in ATT.
What is the cost of capital for the merger?
10% represents the cost of capital for investments in telecom
services. It is not appropriate for an investment in the computer
industry. Need to estimate the cost of capital required by
computer firms.
14
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Applications
(2) Multiple divisions
You work for a large, diversified company. Last year,
approximately 30% of profits came from auto parts, 30% came
from electronics, and 40% came from financial services.
Your boss asks you to evaluate a proposed growth opportunity in
financial services. You estimate the firm’s cost of capital is 11%.
Is this the appropriate discount rate to use for the proposed
investment?
No. 11% is really an average cost of capital for the firm. Each
division should use a separate discount rate, reflecting the risk of
that division. Estimate by comparing to firms in each of the three
industries.
15
 


	43. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Applications
(3) International investments
You work for Novartis AG, a large Swiss pharmaceutical
company. Your investor base is predominately Swiss (79%).
The company is evaluating a possible expansion into the U.S.
drug market. How should the company estimate the cost of
capital for the project?
Does currency risk matter? Does the location of shareholders
matter?
The cost of capital is determined by the return on similar
investments, in this case an investment in a U.S. drug company.
Location / currency risk shouldn’t matter.
16
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Complications
Compounding intervals
Inflation
Taxes
Currencies
Term structure of interest rates
Forecasting cashflows
Choosing the right discount rate (easy only if riskfree)
17
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Aside: Shortcut formulas
Present value
CF1 CF2 CF3 CF4 CF5
PV = + + + + +...
r)
(1 r)
(1 2
r)
(1 3
r)
(1 4
r)
(1 5
+ + + + +
Simplifying formulas
• Annuity
Level cashflow for a given number of years
• Perpetuity
Level cashflow stream forever
• Growing perpetuity
Cashflows grow by a fixed percent forever
18
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Shortcut formulas
Annuity (level cashflow for t years)
1



1
r)
r(1 t 

+

PV = C× −
r
Perpetuity (level cashflow forever)
C
PV =
r
Growing perpetuity (growing cashflow forever)
C
PV =
r − g
19
 


	47. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 2
Example
Firms in the SP 500 are expected to pay, collectively, $20 in
dividends next year. If growth is constant, what should the level of
the index be if dividends are expected to grow 5% annually? 6%
annually? Assume r = 8%.
Growing perpetuity
20.0 21.0 22.05 20
g=5%: PV =
(1.08)
+
(1.08)2
+
(1.08)3
+ ... =
08
.
0 − 05
.
0
= $667
20.0 21.2 22.47 20
g=6%: PV =
(1.08)
+
(1.08)2
+
(1.08)3
+ ... =
08
.
0 − 06
.
0
= $1,000
20
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Example
You just moved to Boston and, after seeing the affordable prices,
decide to buy a home. If you borrow $800,000, what is your monthly
mortgate payment? The interest rate on a 30-year fixed-rate
mortgage is 5.7% (or 0.475% monthly, 5.7% / 12)
Annuity
 1 1 
PV = 800,000 = C × −




(1.00475)
0.00475 360
0.00475
172.295
C = 800,000 / 172.295 = $4,643.20
21
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Complication 1
Inflation
How does inflation affect DCF analysis?
NPV = CF0 +
CF1
+
CF2 CF3 CF4 CF5
+ + + + ...
r)
(1 r)
(1 2
r)
(1 3
r)
(1 4
r)
(1 5
+ + + + +
Discounting rule
Treat inflation consistently: Discount real cashflows at the
real interest rate and nominal cashflows at the nominal
interest rate.
22
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Complication 1, cont.
Terminology
Cashflows
Nominal = actual cashflows
Real = cashflows expressed in today’s purchasing power
real CFt = nominal CFt / (1 + inflation rate)t
Discount rates
Nominal = actual interest rate
Real = interest rates adjusted for inflation
1 + real int. rate = (1 + nominal int. rate) / (1 + inflation rate)
Approximation: real int. rate ≈ nominal int. rate − inflation rate
23
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Example
This year you earned $100,000. You expect your earnings to grow
about 2% annually, in real terms, for the remaining 20 years of
your career. Interest rates are currently 5% and inflation is 2%.
What is the present value of your income?
Real interest rate = 1.05 / 1.02 – 1 = 2.94%
Real cashflows
Year 1 2 … 20
Cashflow 102,000 104,040 … 148,595
÷ 1.0294 1.02942
… 1.029420
PV 99,086 98,180 … 83,219
Present value = $1,818,674
24
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Complication 2
Compounding frequency
On many investments or loans, interest is credited or charged
more often than once a year.
Examples
Bank accounts – daily
Mortgages and leases – monthly
Bonds – semiannually
Implication
Effective annual rate (EAR) can be much different than the stated
annual percentage rate (APR)
25
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Example
Car loan
‘Finance charge on the unpaid balance, computed daily, at the
rate of 6.75% per year.’
If you borrow $10,000 to be repaid in one year, how much would
you owe in a year?
Daily interest rate = 6.75 / 365 = 0.0185%
Day 1: balance = 10,000.00 × 1.000185 = 10,001.85
Day 2: balance = 10,001.85 × 1.000185 = 10,003.70
M
Day 365: balance = 10,000.00 × (1.000185)365
= 10,698.50
EAR = 6.985%
26
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Complication 2, cont.
Effective annual rate
EAR = (1 + APR / k)k
− 1
APR = quoted annual percentage rate
k = number of compounding intervals each year
What happens as k gets big?
In the limit as k → ∞, interest is ‘continuously compounded’
EAR = eAPR
− 1
‘e’ is the base of the natural logarithm ≈ 2.7182818
27
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Complication 2, cont.
Discounting rule
In applications, interest is normally compounded at the same
frequency as payments.
If so, just divide the APR by number of compounding
intervals.
Bonds
Make semiannual payments, interest compounded semiannually
Discount semiannual cashflows by APR / 2
Mortgages
Make monthly payments, interest compounded monthly
Discount monthly cashflows by APR / 12
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Complication 3
Currencies
How do we discount cashflows in foreign currencies?
PV = CF0 +
CF1
+
CF2 CF3 CF4 CF5
+ + + + ...
r)
(1 r)
(1 2
r)
(1 3
r)
(1 4
r)
(1 5
+ + + + +
Discounting rule
Discount each currency at its own interest rate: discount $’s
at the U.S. interest rate, ₤’s at the U.K. interest rate, ….
This gives PV of each cashflow stream in its own currency.
Convert to domestic currency at the current exchange rate.
29
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Currencies, cont.
Logic
You have $1 now. How many pounds can you convert this to in
one year? The current exchange rate is 1.6 $/₤ and the U.K.
interest rate is 5%.
Today: $1 = ₤0.625
One year: ₤0.625 × 1.05 = ₤0.6563
Implication: $1 today is worth 0.6563 pounds in one year.
The discounting rule simply reverses this procedure. It starts with
pounds in one year, then converts to $ today.
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Example
Your firm just signed a contract to deliver 2,000 batteries in each of
the next 2 years to a customer in Japan, at a per unit price of ¥800.
It also signed a contract to deliver 1,500 in each of the next 2 years
to a customer in Britain, at a per unit price of ₤6.2. Payment is
certain and occurs at the end of the year.
The British interest rate is r₤ = 5% and the Japanese interest rate is
r¥ = 3.5%. The exchange rates are s¥/$ = 118 and s$/₤ = 1.6.
What is the value of each contract?
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Example
Japan
• CFt = 2,000 × 800 = ¥1,600,000
• PV contract =
000
,
600
,
1
+
000
,
600
,
1
= ¥3,039,511
1035
. 1035
. 2
• PV contract = 3,039,511 × (1 / 118¥/$) = $25,759
Britain
• CFt = 1,500 × 6.2 = ₤9,300
• PV contract =
300
,
9
+
300
,
9
= ₤17,293
105
. 105
. 2
• PV contract = 17,293 × 1.6$/₤ = $27,668
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Today
Evaluating projects
• Measuring cashflows
• Taxes, depreciation, and working capital
Reading
• Brealey and Myers, Chapters 6 and 12.1 – 12.3
• Myers (1984)
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Capital budgeting
What projects should the firm take?
• Marketing and advertising
• RD
• Choices among different production processes
• Expanding into new products, industries, or markets
• Investments in new technology
• Acquisitions
3
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Example
Boeing is evaluating whether or not to proceed with development of
a new regional jet. The firm expects development to take 2 years,
cost roughly $750 million, and it hopes to get unit costs down to $32
million. Boeing forecasts that it can sell 30 planes each year at an
average price of $41 million.
How would you evaluate this project?
4
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Review
Valuation
The value of any asset or project equals the net present value of
its expected cashflows
• NPV = CF0 + ...
CF
CF
CF
CF
CF
5
5
4
4
3
3
2
2
1
+
+
+
+
+
+
+
+
+
+
• r = opportunity cost of capital
Rate of return required on investments in the financial market with
similar risk
• A project creates value (NPV  0) only if it has a higher return
than other investments with the same risk
r)
(1
r)
(1
r)
(1
r)
(1
r)
(1
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Evaluating projects
Forecasting cashflows
What cashflows are relevant?
What are the differences between earnings and cashflows?
How uncertain are the cashflow forecasts? How sensitive is
NPV to our assumptions?
How can we take into account strategic concerns?
6
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Measuring cashflows
Incremental cashflows
The difference between the firm’s overall cashflows with and
without the project, including any competitive or strategic side
effects
Considerations
• Sunk cost • Project interactions
• Opportunity costs • Inflation
• Average vs. marginal costs • Investments in working capital
• Depreciation • Taxes
• Real options • Projects with different lives
7
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Measuring cashflows 1
Ignore sunk costs
A sunk cost is a cashflow that must be incurred whether or not the
project is accepted.
Example
Motorola has the opportunity to supply 5,000 cell phones to the
Summer Olympics. The accounting department estimates that
each phone costs $15 to make, of which $5 represents overhead
and $10 represents labor and materials. What is the cost of the
sponsorship deal?
8
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Measuring cashflows 2
Remember opportunity costs
Any cashflow that the firm gives up if it takes the project.
Example
Modigliani Import Co. owns an empty warehouse in Boston. The
warehouse cost $200,000 to build and has a current value of
$250,000. MIC would like to import a new line of Italian lamps,
which will be stored in the warehouse. What is the cost of the
warehouse space?
9
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Opportunity costs, cont.
Example 2
Boeing is evaluating a new regional jet. If it proceeds with
development, the firm will have to invest $200 million next year in
RD. The cash is currently invested in short-term securities
yielding 2%.
An accounting executive argues that the project should be
charged for lost interest, amounting to $4 million per year ($200
million × 0.02). Is he right?
10
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Measuring cashflows 3
Marginal costs
Decisions should be based on marginal, not average, costs.
Example
Boeing is negotiating with Air Canada over the price of 20 new
737s. Air Canada offers $40 million per plane. Based on past
data, Boeing estimates that the average cost of a new 737 is $30
million in labor and materials. How valuable is the Air Canada
offer?
11
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Measuring cashflows 4
Project interactions
Recognize project interactions / strategic issues in the cashflow
forecasts
Loss leaders, cannibalization of existing product lines, …
Example
Wegmans, a supermarket chain based in Rochester, NY, is
thinking about installing movie rental centers in its stores. Each
rental center costs $80,000 to build, and Wegmans forecasts that
profits will be $7,000 in perpetuity. If the discount rate is 10%,
should Wegmans go ahead with the plan?
12
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Project interactions, cont.
Example 2
Boeing is evaluating a new regional jet. The firm expects
development to take 2 years and cost roughly $750 million.
Boeing forecasts sales of 30 planes per year and expects profits
of $9 million on each sale.
Example 3
Baldwin, a profitable widget maker, has developed a product
called the Turbo-Widget (TW). Baldwin has invested $300,000 in
RD to develop TWs, and expects that TWs will capture a large
share of the market.
13
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Measuring cashflows 5
Inflation
Discount nominal cashflows using nominal rates; discount real
cashflows using real rates.
Warnings
• Discount rates are typically nominal rates ⇒ cashflow forecasts
should be nominal, too.
• Some cashflows are inherently nominal (e.g., depreciation tax
shields).
• Forecasting nominal growth → forecasting real growth +
inflation.
14
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Measuring cashflows 6
Working capital
Short-term assets and liabilities that the firm generates in the
course of doing business.
Current assets – inventory, accounts receivable, cash
Current liabilities – accounts payable
Net working capital = CA – CL
Investments in NWC are costly. An increase in NWC
represents a cash outflow; a decrease in NWC represents a
cash inflow.
15
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Working capital
Assets Liabs. and equity
Current assets
cash
accounts receivable
inventory
Long-term assets
equipment
buildings
land
intangibles
Current liabilities
accounts payable
Long-term debt
bank loans
bonds
Equity
common stock
retained earnings
16
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Example
GM has just designed a new Saturn. It forecasts sales of 200,000
cars per year at an average price of $18,000. Costs are expected to
be $17,000 / car. The model will sell for 4 years and GM expects an
inventory of 40,000 cars.
What are the cashflows?
Operating profits ($ million)
Year 1 2 3
Sales $3,600 $3,600 $3,600 $3,600
Cost of goods sold 3,400 3,400 3,400 3,400
Profit $200 $200 $200 $200
[Sales = 200,000 × 18,000; COGS = 200,000 × 17,000]
17
4
 


	77. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 3
Example, cont.
What are the cashflows?
Year 1 2 3
Sales $3,600 $3,600 $3,600 $3,600
COGS 3,400 3,400 3,400 3,400
Profit $200 $200 $200 $200
Beg. inventory 0 680 680 680
End. inventory 680 680 680
Change 680 0 0 -680
Cashflow -$480 $200 $200 $880
[Inventory = 40,000 × 17,000]
[Cashflow = Profit – ∆Inventory]
18
4
0
 


	78. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 3
Example, cont.
How costly is the investment in working capital? Assume a discount
rate of 8%.
Year 1 2 3 4
Beg. inventory 0 680 680 680
End. inventory 680 680 680 0
Cashflow -$680 0 0 $680
÷ 1.08 1.082
1.083
1.084
PV -$630 0 0 $500
PV = –630 + 500 = –$130 million
19
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Measuring cashflows 7
Depreciation
An accounting expense, not a cashflow
Notes
Tax consequences (‘depreciation tax shields’)
Accounting – fixed assets are capitalized, then depreciated
Finance – focus on cashflows
Sale of the equipment is a cashflow
Depreciation methods: straight-line and declining balance
Depreciation for tax and financial reporting can be different
20
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Example
GM must invest $248 million in new equipment and stamping
machines to produce the Saturn. The equipment will be used for the
full production cycle of the car, expected to be 4 years, and will have
a salvage value of $8 million at the end.
The tax rate is 40%.
What are depreciation expense and tax shields using straight-line
and double-declining balance methods?
21
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Example, cont.
Straight-line depreciation
Depreciable value = 248 million – 8 million = $240 million
Annual depreciation = 240 million / 4 = $60 million
Year 1 2 3 4
Beg. bk. value 248.0 188.0 128.0 68.0
Depreciation 60.0 60.0 60.0 60.0
End. bk. value 188.0 128.0 68.0 8.0
Cashflows
Purchase and sale -248.0 8.0
Depr. tax shields 24.0 24.0 24.0 24.0
Total CFs 224.0 24.0 24.0 32.0
[Assumes full year of depreciation 1st year]
[Tax shields = depreciation × tax rate]
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Example, cont.
Double-declining balance
If the useful life is k years, depreciate 2/k of the remaining book
value each year. In this example, GM would depreciate the equip-
ment 50% = 2/4 each year.
Year 1 2 3
Beg. bk. value
Depreciation
End. bk. value
Cashflows
Purchase and sale
Depr. tax shields
Total CFs
248.0 124.0
124.0 62.0
124.0 62.0
-248.0
49.6 24.8
-198.4 24.8
62.0
31.0
31.0
12.4
12.4
31.0
23.0
8.0
8.0
9.2
17.2
[Assumes full year of depreciation 1st year] [Tax shields = depreciation × tax rate]
23
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	83. Tax Depreciation
Schedules by
Recovery-Period
Class
MIT  SLOAN SCHOOL OF MANAGEMENT
15.414 Class 3
Depreciation, cont.
3.75
5.00
10.00
14.29
20.00
33.33
1
20-Year
15-Year
10-Year
7-Year
5-Year
3-Year
Year
2 44.45 32.00 24.49 18.00 9.50 7.22
3 14.81 19.20 17.49 14.40 8.55 6.68
4 7.41 11.52 12.49 11.52 7.70 6.18
5 11.52 8.93 9.22 6.93 5.71
6 5.76 8.93 7.37 6.23 5.28
7 8.93 6.55 6.23 4.89
8 4.45 6.55 5.90 4.52
9 6.55 5.90 4.46
10 6.55 5.90 4.46
4.46
2.99
16
4.46
5.90
15
4.46
5.90
14
4.46
5.90
13
4.46
5.90
12
4.46
5.90
3.29
11
Tax Depreciation
Schedules by
Recovery-Period
Class
17-20 4.46
21 2.25
24
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Example
Baldwin, a profitable widget maker, has developed an innovative
new product called the Turbo-Widget (TW). Baldwin has invested
$300,000 in RD to develop TWs, and expects that TWs will capture
a large share of the market.
Forecasts
Baldwin will have to invest $2 million in new equipment. The
machines have a 5-year useful life, with an expected salvage
value of $250,000. The machines will require a major overhaul
after 3 years, costing $100,000.
Over the five-year product life-cycle, unit sales are expected to be
5,000 units, 8,000 units, 12,000 units, 10,000 units, and 6,000
units. Prices in the first year will be $480, and then will grow 2%
annually.
25
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Turbo-Widgets, cont.
Sales and administrative costs will be $150,000 every year.
Production costs will be $500 / unit in the first year, but will decline
8% annually.
Baldwin must maintain approximately 2 weeks inventory of TWs,
or 4% (2 / 52) of forecasted annual sales. Inventory can be stored
in one of Baldwin’s existing warehouses. The firm estimates that
inventory will require 3,000 square feet and warehouse space
costs $80 / s.f. / year.
Customers don’t pay immediately. Baldwin expects to have 30-
days of sales outstanding as accounts receivable. Raw materials
must be paid for immediately.
The tax rate is 34% and the after-tax cost of capital is 12%.
26
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Turbo-Widgets
Checklist
• Sunk cost? • Project interactions?
• Opportunity costs? • Inflation
• Average vs. marginal costs • Investments in NWC
• Depreciation • Taxes
• Real options • Projects with different lives
27
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Turbo-Widgets
Equipment ($000)
Year 0 1 2 3 4 5
Beg. bk. value $2,000
Tax depr (%) 20.0 32.0 19.2 11.5 11.5 5.8
Tax depr ($) 400 640 384 230 230 115
End. bk. value 1,600 940 576 346 115 0
Cashflows
Buy and sale -2,000 165
Depr. tax shields 136 218 131 78 78 39
Maintenance -66
[After-tax gain from sale = 250,000 × 0.66]
[Depr. tax shield = Tax depr × 0.34]
[After-tax maintenance = 100,000 × 0.66]
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Turbo-Widgets
Operating income ($000)
Year 0 1 2 3 4 5
Unit sales 5 8 12 10 6
Price 480 490 499 509 520
Cost / unit 500 460 423 389 358
Revenues 2,400 3,917 5,993 5,094 3,117
COGS 2,500 3,680 5,078 3,893 2,149
Admin. expense 150 150 150 150 150
Depreciation 400 640 384 230 230 115
Op inc bef tax
Tax (34%)
-400
-136
-890
-303
-297
-101
535
182
821
279
703
239
Oper income -264 -587 -196 353 542 464
[Oper inc bef tax = Rev – COGS – admin exp – depreciation]
[Price grows 2% annually; cost per unit declines 8% annually]
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Turbo-Widgets
Working capital ($000)
Year 0 1 2 3 4 5
Sales 2,400 3,917 5,993 5,094 3,117
Acct receiv. 200 326 499 424 0
COGS 2,500 3,680 5,078 3,893 2,149
Inventory 100 147 203 156 86 0
NWC 100 347 529 655 510 0
∆ in NWC 100 247 182 126 -145 -510
[Acct rec = Sales / 12; in last year, receivables set to zero]
[Inventory = COGS next year × 0.04]
[NWC = Acct receivable + Inventory]
[∆ in NWC = NWC this year – NWC last year]
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Turbo-Widgets
Putting it all together ($000)
Year 0 1 2 3 4
Oper income -264 -587 -196 353 542 464
Depreciation 400 640 384 230 230 115
∆ in NWC 100 247 182 126 -145 -510
Equip. cashflow -2,000 -66 165
Cashflow -1,964 -194 6 391 917 1,255
[Cashflow = Op. income + depreciation – ∆NWC + equipment]
r = 12%
NPV = -$560,704
31
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Turbo-Widgets
Summary
Cashflows = Oper. income + depr – ∆NWC + Equipment
Changes in NWC represent cashflows, but have no tax
consequences
Remember cashflows from the sale of fixed assets
Only the gain or loss, relative to ending book value, is taxed
Depreciation is not a cashflow, but reduces taxes
32
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Sensitivity analysis
NPV as a function of r
-$561
-$830
-$664
-$498
-$332
-$166
$0
$166
0.06 0.08 0.10 0.12 0.14
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Sensitivity analysis
-$561
-$1,200
-$900
-$600
-$300
$0
$300
$600
0.02 0.04 0.06
NPV as a function of price growth
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Sensitivity analysis
-$560
-$1,000
-$800
-$600
-$400
-$200
$0
$200
$400
-0.11 -0.09 -0.07
NPV as a function of cost growth
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	95. Evaluating projects (3)
Class  5
Financial Management, 15.414
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15.414 Class 5
Today
Evaluating projects
• Real options
• Alternative investment criteria
Reading
• Brealey and Myers, Chapters 5, 10, and 11
 


	97. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 5
Evaluating projects
DCF analysis
NPV = CF0 + ...
CF
CF
CF
CF
CF
5
5
4
4
3
3
2
2
1
+
+
+
+
+
+
+
+
+
+
Forecast cashflows
Opportunity costs, inflation, working capital, taxes, depreciation
Discount at the opportunity cost of capital
Rate of return required by investors for projects with similar risk
r)
(1
r)
(1
r)
(1
r)
(1
r)
(1
Static-thinking trap
Decision is made today, then plan is followed
Real options
Recognize that decisions can be revised
3
 


	98. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 5
Example
Southern Company is evaluating its alternatives for complying with
the Clean Air Act. It can: (1) continue to burn HS coal and buy
allowances; (2) install scrubbers and sell allowances; (3) switch to
LS coal. Phase I of the Clean Air Act takes effect in 1995 and Phase
II begins in 2000.
4
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Evaluating projects
Real options
Option to expand / make follow-up investments
Option to abandon unprofitable projects
Option to wait before investing
Option to change production methods
Key elements
Information will arrive in the future
Decisions can be made after receiving this information
5
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Example 1
Your firm has just developed a new handheld PDA, code-named the
Model A.
To produce Model A, the firm would need to invest $20 million in
new plant and equipment.
The firm would sell Model A for a per unit profit of $200. Sales are
expected to be 30,000 in year 1, 40,000 in year 2, and 50,000 in
year 3.
Net working capital and taxes are zero, and r = 12%.
Model B will replace Model A in year 4, with the same price and
unit costs. Sales are forecasted to be 60,000 in year 4, 80,000 in
year 5, and 100,000 in year 6. Model B would require $30 million
in new plant and equipment.
6
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PDA, cont.
Should your firm proceed with the Model A?
Model A
30 × 200 40 × 200 50 × 200
NPV = − 000
,
20 + + + = −$1,148
12
.
1 12
.
1 2
12
.
1 3
Model B
60 × 200 80 × 200 100 × 200
NPVyr 3 = − 000
,
30 + + + = $7,705
12
.
1 12
.
1 2
12
.
1 3
NPVToday = 7,705 / 1.123
= $5,484
Combined NPV = –1,148 + $5,484 = $4,336 ⇒ Proceed.
7
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PDA, cont.
What if Model B requires an investment of $40 million?
Model A
30 × 200 40 × 200 50 × 200
NPV = − 000
,
20 + + + = −$1,148
12
.
1 12
.
1 2
12
.
1 3
Model B
60 × 200 80 × 200 100 × 200
NPVyr 3 = − 000
,
40 + + + = −$2,295
12
.
1 12
.
1 2
12
.
1 3
NPVToday = −2,295 / 1.123
= −$1,634
Combined NPV = −1,148 – $1,634 = –$2,782 ⇒ Reject?
8
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PDA, cont.
What’s missing?
Information will arrive about Model B’s sales or costs before a
decision has to be made.
Sales …
In year 3, sales for Model A are expected to be 50,000. But they
might be either 25,000 or 75,000.
If sales are 25,000 in year 3
Forecast for Model B is 30,000, 40,000, 50,000
If sales are 75,000 in year 3
Forecast for Model B is 90,000, 120,000, 150,000
9
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PDA, cont.
Model B decision
If sales in year 3 are 25,000
NPVyr 3 = − 000
,
40 +
12
.
1
200
30 ×
+ 2
12
.
1
200
40 ×
+ 3
12
.
1
200
50 ×
= −$21,148
If sales in year 3 are 75,000
90 × 200 120 × 200 150 × 200
NPVyr 3 − 000
,
40 + + + = $16,556
=
12
.
1 12
.
1 2
12
.
1 3
Continue only if year 3 sales are good
Expected NPVyr 3 = .5 × 0 + .5 × 16,556 = $8,278
Abandonment option
10
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PDA, cont.
Should the firm proceed with the Model A?
Model A
NPV = −$1,148
Model B
Expected NPVyr 3 = $8,278
NPVToday = $8,278 / 1.123
= $5,892
Combined NPV = −1,148 + $5,892 = $4,744 ⇒ Proceed.
11
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Example 2
You have the opportunity to purchase a copper mine for $400,000.
The mine contains 1 million kgs of copper for sure. If you buy the
mine, you can extract the copper now or wait one year. Extraction
takes one year and costs $2 / kg.
The current price of copper is $2.2 / kg. The price is expected to
increase 5% for the next two years.
If the discount rate is 10%, should you buy the mine?
12
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Copper mine, cont.
Copper prices
The current price of copper is $2.2 / kg.
The price is expected to increase 5% next year, but the actual
change might be either a 20% drop or a 30% increase. After that,
the price will increase by 5% for certain.
P1 = 2.86
P0 = 2.2 Exp[P1] = .5×2.86 + .5×1.76 = $2.31
P1 = 1.76
Exp[P2] = $2.31 × 1.05 = $2.4255
13
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Copper mine, cont.
Static NPV
Extract immediately
Costs = $2,000,000
Exp[Revenues] = 2.31 × 1 million = $2,310,000
NPV = −400,000 + (2,310,000 − 2,000,000) / 1.1 = −$118,182
Extract in one year
Costs = $2,000,000
Exp[Revenues] = 2.4255 × 1 million = $2,425,500
NPV = −400,000 + (2,425,500 − 2,000,000) / 1.12
= −$48,347
14
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Copper mine, cont.
Where’s the real option?
We are not committed to extracting in one year. We can make the
decision once we see copper prices.
Extraction costs = 2.0 / kg.
Copper prices
If P1 = 2.86 ⇒ P2 = 2.86 × 1.05 = $3.003
If P1 = 1.76 ⇒ P2 = 1.76 × 1.05 = $1.848
Decision
Extract only if P1 = $2.86
CF2 = (3.003 – 2.000) × 1 million = $1,003,000
15
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Copper mine, cont.
Dynamic NPV
Extract in one year
If P1 = 1.76 ⇒ NPVyr 1 = 0
If P1 = 2.86 ⇒ NPVyr 1 = 1,003,000 / 1.1 = $911,818
Expected NPVyr 1 = .5 × 0 + .5 × 911,818 = $455,909
NPVtoday = –400,000 + 455,909 / 1.1 = $14,463.
16
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Copper mine, cont.
Decision tree
Extract
P1 = 1.76, PV = -618
Extract now P1 = 2.86, PV = 382
PV = -526
If buy Extract
Wait P1 = 1.76 Don’t
PV = -400
P1 = 2.86 PV = 429
Don’t
PV = -400
17
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Copper mine, cont.
-$1,000
-$800
-$600
-$400
-$200
$0
$200
$400
$600
1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80
Value as a function of P2 (1000s)
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Copper mine, cont.
A caution
Should we use the same discount rate for years 1 and 2?
During extraction
In year 2, project risk is very low looking forward
Profits of $1,003,000 for sure
Real option
In year 1, project risk is very high
Project has value of either $0 or $911,818 at end of year
Rule: use a higher discount rate to value the option
But how high?
Black-Scholes option pricing formula
19
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Copper mine, cont.
A note on volatility
Copper prices have become more volatile: They are still expected
to increase 5% next year, but the actual change might be either a
40% drop or a 50% increase (compared with a change of –20% or
30% before).
How would this affect NPV?
If P1 = 3.30 ⇒ P2 = 3.465 ⇒ CF2 = $1,465,000
If P1 = 1.32 ⇒ P2 = 1.382 ⇒ CF2 = $0 (why?)
Expected NPVyr 1 = .5 × 0 + .5 × (1,465,000 / 1.1) = $665,909
NPVtoday = –400,000 + 665,909 / 1.1 = $205,372
20
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Example 3
Boeing is evaluating whether or not to proceed with development of
a new regional jet. The firm expects development to take 2 years,
cost roughly $750 million, and it hopes to get unit costs down to $36
million. Boeing forecasts that it can sell 30 planes each year at an
average price of $41 million.
Where are the real options?
Option to abandon project after 1st or 2nd year of RD
Option to expand production
Option to shut down production if costs rise or prices fall
What’s wrong with simple NPV?
200 550 150 150 150
NPV = − − + + + + ...
1+ r (1+ r)2
(1+ r)3
(1+ r)4
(1+ r)5
21
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Example 4
Microsoft has just developed the Xbox, and it must now decide
whether to proceed with production. If it does, Microsoft would have
to invest $700 million in new PPE immediately. If the Xbox is
successful, Microsoft will earn cash profits of $350 million annually.
If the Xbox fails, it will lose $200 million annually. The outcomes are
equally likely.
Where are the real options?
22
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Real options
Summary
Options are pervasive
We often have the option to revise our decisions when new
information arrives.
Options can have enormous value
Static NPV analysis that ignores imbedded options can lead to
bad decisions.
NPV is still correct when applied correctly
We don’t need to get fancy
Formal option pricing models, like Black-Scholes, can some-
times be used. But the basic point is much simpler.
23
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Investment criteria
Graham and Harvey (2000)
Survey of CFOs finds that 75% of firms use NPV ‘always’ or
‘almost always.’
Alternatives
Payback period
Accounting rates of return (ROA or ROI)
Internal rate of return (IRR)
24
 


	119. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 5
Investment criteria
Properties of NPV
Cashflows
NPV is based on cashflows and explicitly measures value. It is
flexible enough to take into account strategic issues.
Timing and risk
NPV recognizes that cash received in the future is worth less
than cash today, and that risky cashflows are worth less than
safe cashflows.
Objective
NPV is objective. Take all projects with NPV  0 because these
create value.
25
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Alternative 1
Payback period
How long it takes to recover the firm’s original investment (or how
long the project takes to pay for itself).
Example
Payback is 3 years for all of the following investments:
Project CF0 CF1 CF2 CF3 CF4
A -100 20 30 50 60
B -100 50 30 20 60
C -100 50 30 20 600
Issues
Ignores cashflows after the payback period, crude timing adjust-
ment, no risk adjustment
26
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Alternative 2
Accounting rate of return
Defined in various ways. Accounting profits divided by some
measure of investment.
ROA, ROE, ROI: return on assets, equity, or investment
Issues
Ignores timing
Accounting earnings ≠ cashflows
Arbitrary changes in accounting can affect profitability
Incentive distortions if used for compensation
27
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Example
GM has just designed a new Saturn.
Sales are expected to be 200,000 cars annually at a price of
$18,000. Costs are expected to be $17,000 / car.
GM expects to invest $400 million in working capital.
GM must invest $400 million in new equipment and stamping
machines. The equipment will be used for the full production
cycle of the car, expected to be 4 years, and will have a salvage
value of $60 million at the end.
The tax rate is 40% and r = 10%.
28
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Example, cont.
Book value of assets ($ million)
Year 0 1 2 3 4
Beg equip 400 315 230 145
Beg NWC 400 400 400 400
Beg assets 800 715 630 545
Depreciation 85 85 85 85
End equip 400 315 230 145 0
End NWC 400 400 400 400 0
End assets 800 715 630 545 0
Average BV 400 758 673 588 273
Average BV = (Beg BV + End BV) / 2
29
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Example, cont.
Income and cashflows ($ million)
Year 0 1 2 3
Sales 3,600 3,600 3,600 3,600
COGS 3,400 3,400 3,400 3,400
Depreciation 85 85 85 85
EBIT 115 115 115 115
Taxes 46 46 46 46
Oper income 69 69 69 69
Cashflow -800 154 154 154 614
Cashflow = Oper income + depr – ∆NWC + equipment
30
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Example, cont.
ROA / ROI
Year 0 1 2 3 4
Oper income 69 69 69 69
Avg assets 400 758 673 588 273
ROA 9.1% 10.3% 11.7% 25.3%
ROA1 = average ROA = 14.1%
ROA2 = avg oper income / avg assets = 12.1%
ROA3 = avg oper income / initial investment = 8.6%
NPV ≈ $0
31
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Alternative 3
Internal rate of return
IRR is the discount rate that gives NPV = 0. Intuitively, IRR is the
return on the project.
Accept projects with an IRR above the discount rate.
Example
Saturn cashflows
Year 0 1 2 3 4
Cashflow -800 154 154 154 614
What is the IRR? 10.11%
32
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IRR, cont.
-100
-50
0
50
100
150
200
3% 4% 5% 6% 7% 8% 9% 10%
$
NPV as a function of r
IRR: r that makes NPV = 0
11% 12% 13% 14% 15%
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IRR, cont.
IRR vs. NPV
Generally, if IRR is greater than the hurdle rate, then NPV is
positive.
Issues
Some projects have no IRR
Multiple IRRs
Lending or borrowing?
Mutually exclusive investments
34
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IRR, cont.
Problem 1: Some projects do not have an IRR
CF0 = -105,000, CF1 = 250,000, CF2 = -150,000
NPV as a function of r
-$6,000
-$5,000
-$4,000
-$3,000
-$2,000
-$1,000
$0
$1,000
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
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IRR, cont.
Problem 2: Some projects have multiple IRRs
CF0 = -100,000, CF1 = 233,000, CF2 = -135,000
NPV as a function of r
-$2,000
-$1,500
-$1,000
-$500
$0
$500
$1,000
0% 3% 6% 9% 12% 15% 18% 21% 24% 27% 30%
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IRR, cont.
Example 2
CF0 = -20,100, CF1 = 160,000, CF2 = -302,900, CF3 = 166,000
Three IRRs: r = 8.6%, 38.5%, and 449%
NPV as a function of r
-$2,000
-$1,000
$0
$1,000
$2,000
$3,000
$4,000
0% 7% 14% 21% 28% 35% 42% 49% 56%
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IRR, cont.
Problem 3: The IRR rule must be reversed for a project with
an initial cash inflow, CF0  0.
CF0 = 100,000, CF1 = –120,000
NPV as a function of r
-$25,000
-$20,000
-$15,000
-$10,000
-$5,000
$0
$5,000
$10,000
0% 3% 6% 9% 12% 15% 18% 21% 24% 27% 30%
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IRR, cont.
Problem 4: Mutually exclusive projects
To choose among mutually exclusive projects, do not compare the
IRRs. The project with the higher IRR does NOT have to have the
higher NPV.
Two reasons not to use IRR
If the scale of the projects is different
Project A: CF0 = -1, CF1 = 2
Project B: CF0 = -10, CF1 = 15
If the timing of the cashflows is different
Example on next page
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IRR, cont.
If you can invest in only one of the following projects, which would
you choose?
Project A
CF0 = -10,000 CF1 = 10,000 CF2 = 1,000 CF3 = 1,000
IRR = 16.0%
Project B
CF0 = -10,000 CF1 = 1,000 CF2 = 1,000 CF3 = 12,000
IRR = 13.4%
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IRR, cont.
-$2,000
-$1,000
$0
$1,000
$2,000
$3,000
4% 8% 12% 16% 20%
Project A Project B
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Today
Firm valuation
• Dividend discount model
• Cashflows, profitability, and growth
Reading
• Brealey and Myers, Chapter 4
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Firm valuation
The WSJ reports that FleetBoston has a DY of 4.6% and a P/E
ratio of 16, IBM has a DY of 0.8% and a P/E ratio of 27, and Intel
has a DY of 0.3% and a P/E ratio of 46. What explains the
differences? What do the financial ratios tell us about the
prospects of each firm?
Your firm has the opportunity to acquire a smaller competitor. You
forecast that the target will earn $78 million this year, $90 million
next year, and $98 million in the following year. The target
reinvests 75% of its earnings and long-term growth is expected to
be 6% for the foreseeable future. Is the growth rate adequate
given its payout policy? How much would you be willing to pay for
the firm?
3
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SP price-earnings ratio, 1871 – 1999
35
28
21
14
7
0
1871 1887 1903 1919 1935 1951 1967 1983 1999
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Firm valuation
Similar to projects
DCF analysis
Forecast cashflows (inflation, working capital, taxes, …)
Discount at the opportunity cost of capital
Additional issues
Assets or equity value?
Is growth sustainable? How does growth affect cashflow?
Firms have no end date. Do we have to forecast cashflows
forever?
5
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Balance sheet view of the firm
Assets Liabilities and Equity
Cash
flows
from
assets
Current
Assets
Fixed Assets
1. Tangible fixed
assets
2. Intangible
fixed assets
Current Liabilities
Long-Term Debt
Shareholders’
Equity
Cash
flows to
debt
and
equity
Total value = Total value
6
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Approach 1
Asset value
PV of assets = H
H
H
2
2
1 FCF
...
FCF
r
1
FCF
+
+
+
+
+
+
+
+ r)
(1
value
Term.
r)
(1
r)
(1
Free cashflow
Cash generated by the assets after all reinvestment
FCF = EBIT (1 – τ) + depreciation – ∆NWC – CAPX
Terminal value
Firm value at the end of the forecast horizon
Equity
Equity value = Assets – Debt
7
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Approach 2
Equity value
PV of equity = H
H
H
2
2
1 Div
...
Div
r
1
Div
+
+
+
+
+
+
+
+ r)
(1
value
Term.
r)
(1
r)
(1
Equity is a claim to future dividends
Divt = expected dividend
Terminal value
Equity value at the end of the forecast horizon
Assets
Asset value = Equity + Debt
Most useful if payout policy is stable
Not for high growth firms
8
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Approach 3
Equity value
PV of equity = stock price (Look in the WSJ!)
Why does this approach make sense?
If the market is efficient, stock price is the best estimate of value
Why shouldn’t we always use it?
Private companies (no stock price)
Private information
Acquisitions create value not yet reflected in stock prices (?)
Sometimes the market gets it wrong
But, typically not a bad benchmark
9
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Takeover announcements
Stock price of target firm
10
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Capital gains vs. dividends
What about capital gains?
Buy stock today ⇒ future cashflow of Div1 + P1
P0 =
E[Div ] + E[P ]
1 1
1+ r
P1 =
E[Div ] + E[P2 ]
2
1+ r
E[Div2 ] E[P2 ]
Substitute P1 into first formula: P0 =
E[Div1]
+ +
1+ r r)
(1 2
r)
(1 2
+ +
If prices are rational, then repeating for P2, P3, …, gives the
dividend discount formula
11
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Approach 2 – Dividends
Equity value
PV of equity =
Div1
+
Div2 DivH value
Term.
+ ... + +
1+ r r)
(1 2
r)
(1 H
r)
(1 H
+ + +
Special cases
No growth
Mature firms, few new investment opportunities
Ex. Kodak, ATT
Sustainable growth
Firms with moderate growth that is expected to persist
Ex. IBM, Procter and Gamble
12
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Case 1: No growth
No net investment
Reinvestment covers depreciation
Firm pays out all its earnings: Divt = EPSt
Equity value, dividends, earnings aren’t expected to grow
Div0 = E[Divt] = E[Div2] = …
Div0 Div0 Div0 Div0
Price = + + + L
1+ r r)
(1 2
r)
(1 3
r)
(1 4
+ + +
Price =
r
Div0
=
r
EPS0
13
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Example
It’s 2001 and you’re attempting to value ATT’s equity. The long-
distance market is mature and new competition makes growth
difficult. In fact, ATT has experienced little growth over the last few
years, which you believe will continue.
Dividends
Year 1996 1997 1998 1999 2000
DPS 0.88 0.88 0.88 0.88 0.88
No growth formula:
If r = 7%: price = 0.88 / 0.07 = $12.57 (actual price = $17.25)
If r = 5%: price = 0.88 / 0.05 = $17.60
14
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ATT earnings and dividends
-$2.0
-$1.0
$0.0
$1.0
$2.0
$3.0
1985 1987 1989 1991 1993 1995 1997 1999
EPS
DPS
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Case 2: Sustainable growth
Growth opportunities
Positive net investment (reinvestment  depreciation)
Firm pays out only a portion of its earnings (Divt  EPSt)
Equity, dividends, earnings are all expected to grow
Exp[Div]: Div0×(1+g), Div0×(1+g)2
, …
Div0(1+ g) g)
(1
Div 2
g)
(1
Div 3
+ L
Price = + 0 +
+ 0 +
1+ r r)
(1 2
r)
(1 3
+ +
Price =
g
r
Div1
−
=
g
r
g)
1
(
Div0
−
+
×
16
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Example
Firms in the SP 500 are expected to pay, collectively, around $20
in dividends next year. Dividends have grown 5.57% annually since
1950. If the historical pattern continues, what is the value of index if
the discount rate is 8%?
Constant growth
20.0 21.11 22.29 20
Value = + + + ... =
(1.08) (1.08)2
(1.08)3
08
.
0 − 0557
.
0
= 823.05
Current index level = 989.28
17
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Forecasting growth
How quickly will the firm grow?
Payout ratio = DPS / EPS
Plowback ratio = 1 – payout ratio = retained earnings / EPS
If growth is financed internally:
∆Equityt-1 to t = retained earnings = EPS × plowback ratio
Growth rate = ∆Equityt-1 to t / Equityt-1
EPS×plowback
=
Equity
= ROE × plowback
Growth rate = g = ROE × plowback ratio
18
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Forecasting growth
Observations
Growth is faster if ROE is high
Growth is faster if plowback is high
Growth ≠ good investments
If margins and payout are constant, equity, dividends, and
earnings all grow at the same rate
EPSt = ROE × equityt-1 ⇒ EPS growth = equity growth
DPSt = payout × EPSt ⇒ DPS growth = EPS growth
19
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Example
Since 1950, firms in the SP 500 have, on average, paid out 50.4%
of their earnings as dividends. They have also been profitable, with
an ROE of 11.7% annually. If these trends continue, how quickly will
the firms grow? What will happen to growth if the payout ratio drops
to 30% (including repurchases)?
Growth = plowback × ROE
If payout 50.4%
Growth = (1 – 0.504) × 11.7 = 5.8% (historical = 5.6%)
If payout 30%
Growth = (1 – 0.300) × 11.7 = 8.2% (if ROE doesn’t change)
20
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Example
By 2003, ATT’s situation had changed. Demand for long-distance
and broadband is expanding. ATT decides to reinvest half its
earnings, equal to $1.50 / share in 2002. Analysts forecast that
ATT would earn an ROE of 15% on its investments. If investors
required a 10% rate of return, what is the value of ATT’s stock at
the end of 2002?
What information do we need?
ROE = 15%
g = 7.5%
Plowback ratio = 50%
Div2002 = 0.75
EPS2002 = 1.50
21
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Example, cont.
Equity value
Div2002 = 0.75 → Div2003 = 0.75 × 1.075 = 0.806
Price = $0.806 / (0.10 – 0.075)
= $32.24
Growth opportunities increase ATT’s stock price from $15.00 to
$32.24, or 215%.
ATT No growth Growth
EPS $1.50 $1.50
Div $1.50 $0.75
Plowback 0% 50%
Growth 0% 7.5%
Price $15.00 $32.24
22
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ATT, forecasted dividends
$4
$3
$2
$1
$0
0 2 4 6 8 10 12 14 16 18 20
No growth Growth = 7.5%
Years in the future
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Example, cont.
Suppose that ATT could earn only 6% ROE on its investments.
What would be ATT’s stock price?
ROE = 6%
g = 3%
Plowback ratio = 50%
Div2002 = 0.75
EPS2002 = 1.50
Stock price
Div2002 = 0.75 → Div2003 = 0.75 × 1.03 = 0.773
Price = $0.773 / (0.10 – 0.03) = $11.04
Growth drops the stock price from $15 to 11.04. Growth ≠ growth
opportunities!
24
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Stock prices and plowback ratio
$18
Price (left axis) Growth (right axis)
6%
$15 5%
$12 4%
$9 3%
$6 2%
$3 1%
$0 0%
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Plowback
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Growth
Approach 2
Begin with a mature, no growth firm
No reinvestment. Value derived from existing assets.
Div0 EPS0
Price = =
r r
Add in growth opportunities
EPS0
Price = + NPVGO
r
NPVGO = ‘net present value of growth opportunities’.
Price equals the value of existing assets plus the value of
growth opportunities.
26
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Example
IBM’s stock price is $97.14. Last year, IBM earned $4.6 / share and
paid dividends of $0.55. What fraction of IBM’s value comes from
growth opportunities if r = 10%? How quickly must IBM grow to
justify its price?
Price = EPS / r + NPVGO
= 4.6 / .10 + NPVGO → NPVGO = 97.14 – 46 = $51.14
FractionNPVGO = 51.14 / 97.14 = 53%
Growth
Price = Div / (r – g) → g = r – Div / Price
Growth = 0.10 – 0.55 / 97.14 = 9.4%
27
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Today
Firm valuation
x Free cashflows
x Profitability, financial ratios, and terminal value
Reading
x Brealey and Myers, Chapter 12.4 – 12.6
x Wilson Lumber Co.
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Firm valuation
Two approaches
Focus on cashflows to equityholders
Equity = PV of dividends
Useful with moderate growth, constant payout ratio
Focus on cashflows generated by assets
Assets = PV of free cashflows
More general, because cashflows may not be paid out
Equity = assets – debt
3
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Balance sheet
Assets Liabilities and Equity
Current
Assets
Fixed Assets
assets
2. Intangible
1. Tangible fixed
fixed assets
Current Liabilities
Long-Term Debt
Shareholders’
Equity
Value = PV(FCFs) Value = Debt + PV(divs)
4
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FCF approach
Asset value
PV of assets =
FCF1
1r

FCF2
r)
(1 2

... 
FCFH
r)
(1 H


value
Term.
r)
(1 H

Free cashflow
Cash generated by the assets after all reinvestment
FCF = EBIT (1 – W) + depreciation – 'NWC – CAPX
FCF = EBIT (1 – W) – 'Net assets
FCF = Operating cashflow (before interest) – CAPX
5
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Working capital
Assets Liabs. and equity
Current assets
cash
accounts receivable
inventory
Long-term assets
equipment
buildings
land
intangibles
Current liabilities
accounts payable
bank loans
bonds
Equity
common stock
retained earnings
Net assets = Total assets – current liabilities (excl. s-t debt)
Long-term debt
6
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Sustainable growth
Growth
16%
12%
8%
4%
0%
1.0% 5.0% 9.0% 13.0% 17.0% 21.0% 25.0%
Cash deficits
g  g*
Plowback
30%
Plowback
70%
Cash surpluses
g  g*
Return on equity
14
 


	170. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 7
Sustainable growth
Forecasting
Long-run growth = sustainable growth
Faster in the short run, but not forever
Forecast must be internally consistent
Growth forecasts should be consistent with payout policy and
profitability
CitiBank financial goals, 1988
Growth: 15%
ROE: 18%
Payout: 30%
Leverage ratio (debt / assets): 95%
Are these goals feasible?
15
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Time Warner, 1989
Warner Communications ($ million)
Cashflow projections
1989 1990 1991 1992 1993 1994
Oper. income $770 893 1,145 1,320 1,482 1,655
Taxes -193 -246 -458 -528 -593 -662
After-tax income 577 647 687 792 889 993
Depreciation 228 245 270 271 271 273
Deferred taxes -7 0 172 198 222 248
CAPX -336 -225 -180 -177 -183 -188
' in NWC 5 -80 -80 -80 -80 -80
Miscellaneous -416 -15 -5 -3 -3 -3
Free cashflow $52 572 863 1,001 1,117 1,243
Source: Lazard Freres (advisor to Warner)
16
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Time Warner
Firm valuation
Discount rate = 11.5%
FCF1 FCF2 FCF3 FCFH value
Term.
Firm value =   ...  
1r (1 r)2
(1r)3
(1 r)H
(1r)H
52 572 863 1,243 T.V.
=   ...  
1.115 1.1152
1.1153
1.1156
1.1156
Equity value = Firm value – Debt ($970 million)
Terminal value three ways
Constant growth
Multiples (financial ratios of comparable firms)
NPVGO
17
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Terminal value 1
Constant growth
Forecasted growth after 1994 = 5%
243
,
1 u 05
.
1
Terminal value =
FCF1995
 = $20,079 million
r  g 115
.
0  05
.
0
Is the forecast internally consistent?
Projected earnings = $993; projected book equity = $5,055
Reinvestment = CAPX – Depr. + 'NWC
= 188 – 273 + 80 = –$5 million
g* = ROE u plowback = (993 / 5,055) u (-5 / 993) = 0%
18
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Time Warner, 1989
Warner Communications ($ million)
Cashflow projections
1989 1990 1991 1992 1993 1994
Oper. income $770 893 1,145 1,320 1,482 1,655
Taxes -193 -246 -458 -528 -593 -662
After-tax income 577 647 687 792 889 993
Depreciation 228 245 270 271 271 273
Deferred taxes -7 0 172 198 222 248
CAPX -336 -225 -180 -177 -183 -188
' in NWC 5 -80 -80 -80 -80 -80
Miscellaneous -416 -15 -5 -3 -3 -3
Free cashflow $52 572 863 1,001 1,117 1,243
Source: Lazard Freres (advisor to Warner)
19
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Terminal value 2
Financial ratios
Multiples of comparable firms
P/E ratio
Price-to-cashflow
Price-to-sales
Market-to-book equity
Determinants of P/E and M/B
1 ª price º
P/E  u«
r ¬price NPVGO¼
»
Higher if NPVGO is large
payout
M/B =
(r /ROE) plowback
20
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P/E ratios, Dec. 1998
350
300
250
200
150
100
50
0
0 4 9 13 18 22 27 31 36 40 45 49
All U.S. stocks
Histogram
P/E ratio
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B/M ratios, Dec. 1998
800
700
600
500
400
300
200
100
0
-0.5 -0.1 0.3 0.7 1.1 1.5 1.9 2.3 2.7 3.1
Histogram
All U.S. stocks
B/M ratio
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Terminal value 2
Financial ratios
P/E ratio
Comparables P/E = 18
Earnings1994 = 993 Ÿ Terminal value = 18 u 993 = $17,874
M/B ratio
BV
Comparables M/B = 2.79
1994 = 5,055 Ÿ Terminal value = 2.79 u 5,055 = $14,103
23
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Terminal value 3
Zero NPVGO
How much will Warner be worth if its competitive advantage is
eliminated by 1994?
(Sustainability question in strategy)
NPVGO = 0 Ÿ Value = EPS / r
Earnings1994 = 993
Terminal value = 993 / 0.115 = $8,635
24
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Time Warner
Debt = $970 million
52 572 863 1,243 T.V.
Firm value =   ...  
1.115 1.1152
1.1153
1.1156
1.1156
Terminal Firm Equity Per
Approach Value Value Value Share
Constant growth $20,079
P/E 17,874
M/B 14,103
Zero NPVGO 8,635
$13,522 $12,552 $65.89
12,374 11,404 59.86
10,412 9,442 49.56
7,566 6,596 34.62
Actual offer = $70 / share
25
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Time Inc. stock price, 1989
$190
180
170
160
150
140
130
120
110
100
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Today
Risk and return
• Statistics review
• Introduction to stock price behavior
Reading
• Brealey and Myers, Chapter 7, p. 153 – 165
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Road map
Part 1. Valuation
Part 2. Risk and return
Part 3. Financing and payout decisions
3
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Cost of capital
DCF analysis
NPV = CF0 +
CF1
+
CF2 CF3 CF4 CF5
+ + + + ...
r)
(1 r)
(1 2
r)
(1 3
r)
(1 4
r)
(1 5
+ + + + +
r = opportunity cost of capital
The discount rate equals the rate of return that investors demand
on investments with comparable risk.
Questions
How can we measure risk?
How can we estimate the rate of return investors require for
projects with this risk level?
4
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Examples
In November 1990, ATT was considering an offer for NCR, the
5th largest U.S. computer maker. How can ATT measure the
risks of investing in NCR? What discount rate should ATT use to
evaluate the investment?
From 1946 – 2000, small firms returned 17.8% and large firms
returned 12.8% annually. From 1963 – 2000, stocks with high
M/B ratios returned 13.8% and those with low M/B ratios returned
19.6%. What explains the differences? Are small firms with low
M/B ratios riskier, or do the patterns indicate exploitable mispricing
opportunities? How should the evidence affect firms’ investment
and financing choices?
5
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Background
The stock market
Primary market
New securities sold directly to investors (via underwriters)
Initial public offerings (IPOs)
Seasoned equity offerings (SEOs)
Secondary market
Existing shares traded among investors
Market makers ready to buy and sell (bid vs. ask price)
Market vs. limit orders
NYSE and Amex: Floor trading w/ specialists
NASDAQ: Electronic market
Combined: 7,022 firms, $11.6 trillion market cap (Dec 2002)
6
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Background
Terminology
Realized return
P
rt =
Dt + Pt − Pt 1
-
= t
t
P
P
P
P
D −
+
1
-
t
1
-
t
1
-
t
(DY + cap gain)
t 1
-
Expected return = best forecast at beginning of period
E[rt] =
E[D ] + E[P − P 1
-
t ]
P
t t
1
-
t
Risk premium, or expected excess return
Risk premium = E[rt] – rf
7
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Statistics review
Random variable (x)
Population parameters
mean = µ = E[x]
variance = σ2
= E[(x – µ)2
], standard deviation = σ
skewness = E[(x – µ)3
] / σ3
Sample of N observations
1
sample mean = x = ∑i
xi
N
sample variance = s2
=
N
1
-1
∑i
(xi − x)2
, standard deviation = s
sample skewness
8
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Example
0.45
0.36
0.27
0.18
0.09
0.00
-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
µ = 0, σ = 1, skew = 0
µ = 0, σ = 2, skew = 0
[Probability density function: shows probability that x falls in an given range]
9
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Example
0.24
0.18
0.12
0.06
0.00
-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0
µ = 0, σ = 2, skew = 1.3
µ = 0, σ = 2, skew = 0
10
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Statistics review
Other statistics
Median
50th percentile: prob (x  median) = 0.50
Value-at-Risk (VaR)
How bad can things get over the next day (or week)?
1st or 5th percentile: prob (x  VaR) = 0.01 or 0.05
‘We are 99% certain that we won’t lose more than $Y in the next
24 hours’
11
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Example
0.24
0.18
0.12
0.06
0.00
-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0
µ = 0, σ = 2, skew = -1.3
mean median
5th pctile
12
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Statistics review
Normal random variables
Bell-shaped, symmetric distribution
x ~ N(µ, σ2
)
x is normally distributed with mean µ and variance σ2
‘Standard normal’
mean 0 and variance 1 [or N(0, 1)]
Confidence intervals
68% of observations fall within +/–1 std. deviation from mean
95% of observations fall within +/–2 std. deviations from mean
99% of observations fall within +/–2.6 std. deviations from mean
13
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Example
0.50
0.40
0.30
0.20
0.10
0.00
-4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0
N(0, 1)
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Statistics review
Estimating the mean
Given a sample x1, x2, …, xN
Don’t know µ, σ2
⇒ estimate µ by sample average x
estimate σ2
by sample variance s2
How precise is x?
std dev (x) ≈ s / N
95% confidence interval for µ
x – 2
s
N
x x + 2
s
N
15
 


	197. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 9
Application
From 1946 – 2001, the average return on the U.S. stock market was
0.63% monthly above the Tbill rate, and the standard deviation of
monthly returns was 4.25%. Using these data, how precisely can we
estimate the risk premium?
Sample: x = 0.63%, s = 4.25%, N = 672 months
Std dev (x) = 4.25 / 672 = 0.164%
95% confidence interval
Lower bound = 0.63 – 2 × 0.164 = 0.30%
Upper bound = 0.63 + 2 × 0.164 = 0.96%
Annual (× 12): 3.6%  µ  11.5%
16
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Statistics review
Two random variables
How do x and y covary? Do they typically move in the same
direction or opposite each other?
Covariance = σx,y = E[(x – µx)(y – µy)]
If σx,y  0, then x and y tend to move in the same direction
If σx,y  0, then x and y tend to move in opposite directions
Correlation = ρx,y =
covariance
=
σ y
,
x
stdev ⋅ stdev σ
σ
x y x y
-1 ≤ ρx,y ≤ 1
17
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18
Correlation
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Properties of stock prices
Time-series behavior
How risky are stocks?
How risky is the overall stock market?
Can we predict stock returns?
How does volatility change over time?
19
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Stocks, bonds, bills, and inflation
Basic statistics, 1946 – 2001
Monthly, %
Series Avg Stdev Skew Min Max
Inflation 0.32 0.36 0.82 -0.84 1.85
Tbill (1 yr) 0.38 0.24 0.98 0.03 1.34
Tnote (10 yr) 0.46 2.63 0.61 -7.73 13.31
VW stock index 1.01 4.23 -0.47 -22.49 16.56
EW stock index 1.18 5.30 -0.17 -27.09 29.92
Motorola 1.66 10.02 0.01 -33.49 41.67
20
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Stocks, bonds, bills, and inflation, $1 in 1946
0.1
1
10
100
1000
10000
cpi tbill vw ew
10 note
Dec-45 Dec-53 Dec-61 Dec-69 Dec-77 Dec-85 Dec-93 Dec-01
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Tbill rates and inflation
20%
15%
10%
5%
0%
-5%
l i
Inf at on Tbill rate
Mar-51 Mar-60 Mar-69 Mar-78 Mar-87 Mar-96
22
 


	204. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 9
10-year Treasury note
15%
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U.S. stock market returns, 1946 – 2001
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Motorola monthly returns, 1946 – 2001
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U.S. monthly stock returns
32%
24%
16%
8%
0%
-27% -21% -15% -9% -3% 3% 9% 15% 21% 27%
Histogram
Return
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Motorola monthly returns
32%
24%
16%
8%
0%
-27% -21% -15% -9% -3% 3% 9% 15% 21% 27%
Histogram
Return
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Scatter plot, GM vs. SP 500 monthly returns
-25%
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-8%
0%
8%
17%
25%
-35% -25% -15% -5% 25% 35%
correlation = 0.622
5% 15%
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Scatter plot, SPt vs. SPt-1 daily
-2.0%
-1.0%
0.0%
1.0%
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-2.5% -1.5% -0.5% 0.5% 1.5% 2.5%
correlation = 0.084
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Scatter plot, SPt vs. SPt-1 monthly
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correlation = 0.057
5%
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Volatility of U.S. stock market
30%
25%
20%
15%
10%
5%
0%
Jan 26 Jan 36 Jan 46 Jan 56 Jan 66 Jan 76 Jan 86 Jan 96
[Monthly std dev = std dev of daily returns during the month × 21]
Monthly standard deviation
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Properties of stock prices
Cross-sectional behavior
What types of stocks have the highest returns?
What types of stocks are riskiest?
Can we predict which stocks will do well and which won’t?
32
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Size portfolios, monthly returns
0.40
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0.80
1.00
1.20
1.40
Avg
returns
(%
monthly)
Small 2 3 4 5 6 7 8 9 Big
Firms sorted by market value (deciles)
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Size portfolios in January
0%
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Firms sorted by market value (deciles)
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M/B portfolios, monthly returns
0.4%
0.6%
0.8%
1.0%
1.2%
1.4%
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Avg
returns
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monthly)
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Momentum portfolios, monthly returns
0.4%
0.6%
0.8%
1.0%
1.2%
1.4%
1.6%
Avg
returns
(%
monthly)
Low 2 3 4 5 6 7 8 9 High
Firms sorted by past 12-month return (deciles)
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Time-series properties
Observations
The average annual return on U.S. stocks from 1926 – 2001
was 11.6%. The average risk premium was 7.9%.
Stocks are quite risky. The standard deviation of monthly
returns for the overall market is 4.5% (15.6% annually).
Individual stocks are much riskier. The average monthly
standard deviation of an individual stock is around 17% (or 50%
annually).
Stocks tend to move together over time: when one stock
goes up, other stocks are likely to go up as well. The correlation
is far from perfect.
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Time-series properties
Observations
Stock returns are nearly unpredictable. For example,
knowing how a stock does this month tells you very little about
what will happen next month.
Market volatility changes over time. Prices are sometimes
quite volatile. The standard deviation of monthly returns varies
from roughly 2% to 20%.
Financial ratios like DY and P/E ratios vary widely over time.
DY hit a maximum of 13.8% in 1932 and a minimum of 1.17% in
1999. The P/E ratio hit a maximum of 33.4 in 1999 and a mini-
mum of 5.3 in 1917.
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Cross-sectional properties
Observations
Size effect: Smaller stocks typically outperform larger stocks,
especially in January.
January effect: Average returns in January are higher than in
other months.
M/B, or value, effect: Low M/B (value) stocks typically outper-
form high M/B (growth) stocks.
Momentum effect: Stocks with high returns over the past 3- to
12-months typically continue to outperform stocks with low past
returns.
39
 


	221. Diversification
Class 10
Financial Management,  15.414
 


	222. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 10
Today
Diversification
• Portfolio risk and diversification
• Optimal portfolios
Reading
• Brealey and Myers, Chapters 7 and 8.1
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Example
Fidelity Magellan, a large U.S. stock mutual fund, is considering an
investment in Biogen. Biogen has been successful in the past, but
the payoffs from its current RD program are quite uncertain. How
should Magellan’s portfolio managers evaluate the risks of investing
in Biogen?
Magellan can also invest Microsoft. Which stock is riskier, Microsoft
or Biogen?
3
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Biogen stock price, 1988 – 2001
120
100
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40
20
0
Jul-88 Jul-90 Jul-92 Jul-94 Jul-96 Jul-98 Jul-00
Average stock return = 3.22% monthly
Std deviation = 14.31% monthly
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Fidelity Magellan
0.0%
0.2%
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1.0%
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1.4%
1.6%
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return
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(Over past 10 years)
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Std dev
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Example
Exxon is bidding for a new oil field in Canada. Exxon’s scientist
estimate that there is a 40% chance the field contains 200 million
barrels of extractable oil and a 60% chance it contains 400 million
barrels.
The price of oil is $30 and Exxon would have to spend $10 / barrel to
extract the oil. The project would last 8 years.
What are the risks associated with this project? How should each
affect the required return?
6
 


	227. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 10
Plan
Portfolio mean and variance
Two stocks*
Many stocks*
How much does a stock contribute to the portfolio’s risk?
How much does a stock contribute to the portfolio’s return?
What is the best portfolio?
* Same analysis applies to portfolios of projects
7
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Portfolios
Two stocks, A and B
You hold a portfolio of A and B. The fraction of the portfolio
invested in A is wA and the fraction invested in B is wB.
Portfolio return = RP = wA RA + wB RB
What is the portfolio’s expected return and variance?
Portfolio
E[RP] = wA E[RA] + wB E[RB]
var(RP)= )
w
)
w
)
w B
A
B
A
B
2
B
A
2
A +
+ R
,
R
cov(
w
2
R
var(
R
var(
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Example 1
Over the past 50 years, Motorola has had an average monthly return
of 1.75% and a std. dev. of 9.73%. GM has had an average return
of 1.08% and a std. dev. of 6.23%. Their correlation is 0.37. How
would a portfolio of the two stocks perform?
E[RP] = wGM 1.08 + wMot 1.75
var(RP) = wGM
2
6.232
+ wMot
2
9.732
+ 2 wMot wGM (0.37×6.23×9.73)
wMot wGM E[RP] var(RP) stdev(RP)
0 1 1.08 38.8 6.23
0.25 0.75 1.25 36.2 6.01
0.50 0.50 1.42 44.6 6.68
0.75 0.25 1.58 64.1 8.00
1 0 1.75 94.6 9.73
1.25 -0.25 1.92 136.3 11.67
9
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GM and Motorola
Motorola
GM
0.5%
0.9%
1.3%
1.7%
2.1%
Mean
75% GM / 25% Mot
50% GM / 50% Mot
25% GM / 75% Mot
-25% GM / 125% Mot
2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%
Std dev
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Example 1, cont.
Suppose the correlation between GM and Motorola changes. What
if it equals –1.0? 0.0? 1.0?
E[RP] = wGM 1.08 + wMot 1.75
var(RP) = wGM
2
6.232
+ wMot
2
9.732
+ 2 wMot wGM (corr×6.23×9.73)
Std dev of portfolio
wMot wGM E[RP] corr = -1 corr = 0 corr = 1
0 1 1.08% 6.23% 6.23% 6.23%
0.25 0.75 1.25 2.24 5.27 7.10
0.50 0.50 1.42 1.75 5.78 7.98
0.75 0.25 1.58 5.74 7.46 8.85
1 0 1.75 9.73 9.73 9.73
11
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GM and Motorola: Hypothetical correlations
Mean
2.2%
1.8%
1.4%
1.0%
0.6%
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 16.0%
cor=-1
cor=-.5
cor=0 cor=1
Std dev
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Example 2
In 1980, you were thinking about investing in GD. Over the subse-
quent 10 years, GD had an average monthly return of 0.00% and a
std dev of 9.96%. Motorola had an average return of 1.28% and a
std dev of 9.33%. Their correlation is 0.28. How would a portfolio of
the two stocks perform?
E[RP] = wGD 0.00 + wMot 1.28
var(RP) = wGD
2
9.962
+ wMot
2
9.332
+ 2 wMot wGD (0.28×9.96×9.33)
wMot wGD E[RP] var(RP) stdev(RP)
0 1 0.00 99.20 9.96
0.25 0.75 0.32 71.00 8.43
0.50 0.50 0.64 59.57 7.72
0.75 0.25 0.96 64.92 8.06
1 0 1.28 87.05 9.33
13
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GD and Motorola
Motorola
GD
-1.0%
-0.5%
0.0%
0.5%
1.0%
1.5%
2.0%
4.0% 6.0% 8.0% 12.0% 14.0% 16.0%
Std dev
Mean
10.0%
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Example 3
You are trying to decide how to allocate your retirement savings
between Treasury bills and the stock market. The Tbill rate is 0.12%
monthly. You expect the stock market to have a monthly return of
0.75% with a standard deviation of 4.25%.
E[RP] = wTbill 0.12 + wStk 0.75
w
var(RP) = wTbill
2
0.02
+ wStk
2
4.252
+ 2 wTbill wstk (0.0×0.0×4.25)
Stk
2
4.252
wStk wTbill E[RP] var(RP) stdev(RP)
0 1 0.12 0.00 0.00
0.33 0.67 0.33 1.97 1.40
0.67 0.33 0.54 8.11 2.85
1 0 0.75 18.06 4.25
15
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Stocks and Tbills
1.0%
0.8%
0.6%
Mean
0.4%
0.2%
0.0%
0.0% 1.0% 2.0% 3.0% 4.0% 5.0% 6.0%
Std dev
Stock market
50/50 portfolio
Tbill
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Many assets
Many stocks, R1, R2, …, RN
You hold a portfolio of stocks 1, …, N. The fraction of your wealth
invested in stock 1 is w1, invested in stock 2 is w2, etc.
Portfolio return = RP = w1 R1 + w2 R2 + … + wN RN = ∑ R
w
i i i
Portfolio mean and variance
E[RP] = ]
i
i i
∑ (weighted average)
var(RP)= )
) j
i
j
i j
i
i
i
2
i ∑∑
∑ ≠
+
E[R
w
R
,
(R
cov
w
w
R
var(
w
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Many assets
Variance = sum of the matrix
)
)
)
)
)
)
)
)
)
N
2
N
N
2
N
2
N
1
N
1
N
2
N
2
2
2
2
2
1
2
1
N
1
N
1
2
1
2
1
1
2
1
L
M
O
M
M
M
L
L
L
var(R
w
R
,
cov(R
w
w
R
,
cov(R
w
w
N
Stk
R
,
cov(R
w
w
var(R
w
R
,
cov(R
w
w
2
Stk
R
,
cov(R
w
w
R
,
cov(R
w
w
var(R
w
1
Stk
N
Stk
2
Stk
1
Stk
The matrix contains N2
terms
N are variances
N(N-1) are covariances
In a diversified portfolio, covariances are more important
than variances. A stock’s variance is less important than its
covariance with other stocks.
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Fact 1: Diversification
Suppose you hold an equal-weighted portfolio of many stocks
(inves-ting the same amount in every stock). What is the variance of
your portfolio?
Portfolio of N assets, wi = 1/N
1 N-1
var(RP) =
N
variance
Avg. + ovariance
c
.
Avg
N
For a diversified portfolio, variance is determined by the
average covariance among stocks.
An investor should care only about common variation in
returns (‘systematic’ risk). Stock-specific risk gets
diversified away.
19
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Example
The average stock has a monthly standard deviation of 10% and the
average correlation between stocks is 0.40. If you invest the same
amount in each stock, what is variance of the portfolio? What if the
correlation is 0.0? 1.0?
cov(Ri, Rj) = correlation × stdev(Ri) × stdev(Rj)
= 0.40 × 0.10 × 0.10 = 0.004
var(RP) =
1
0.102
+
N -1
0.004 ⇒ 0.004 if N is large
N N
stdev(RP) ≈ 004
.
0 = 6.3%
20
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Diversification
12%
10%
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Std
dev
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portfolio
If correlation = 1.0
If correlation = 0.4
If correlation = 0.0
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Fact 2: Efficient portfolios
With many assets, any portfolio inside a bullet-shaped region is
feasible.
The minimum-variance boundary is the set of portfolios that
minimize risk for a given level of expected returns.*
The efficient frontier is the top half of the minimum-variance
boundary.
* On a graph, the minimum-variance boundary is an hyperbola.
22
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Example
You can invest in any combination of GM, IBM, and Motorola. Given
the following information, what portfolio would you choose?
Variance / covariance
Stock Mean Std dev GM IBM Motorola
GM 1.08 6.23 38.80 16.13 22.43
IBM 1.32 6.34 16.13 40.21 23.99
Motorola 1.75 9.73 22.43 23.99 94.63
E[RP] = (wGM × 1.08) + (wIBM × 1.32) + (wMot × 1.75)
var(RP) =(wGM
2
× 6.232
) + (wIBM × 6.342
) + (wMot
2
× 9.732
) +
(2 × wGM × wIBM × 16.13) + (2 × wGM × wMot × 22.43) +
(2 × wIBM × wMot × 23.99)
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Feasible portfolios
GM
IBM
Motorola
0.6%
0.9%
1.2%
1.5%
1.8%
2.1%
Mean
Efficient frontier
Minimum-variance
portfolio
3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0% 11.0% 12.0%
Std dev
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Fact 3
Tangency portfolio
If there is also a riskless asset (Tbills), all investors should
hold exactly the same stock portfolio!
All efficient portfolios are combinations of the riskless asset
and a unique portfolio of stocks, called the tangengy
portfolio.*
* Harry Markowitz, Nobel Laureate
25
 


	246. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 10
Combinations of risky and riskless assets
GM
IBM
Motorola
P
0.0%
0.6%
1.2%
1.8%
2.4%
Mean
Riskfree asset
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 16.0%
Std dev
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Optimal portfolios with a riskfree asset
Riskfree asset
portfolio
Motorola
IBM
GM
0.0%
0.6%
1.2%
1.8%
2.4%
Mean
Tangency
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 16.0%
Std dev
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Fact 3, cont.
With a riskless asset, the optimal portfolio maximizes the slope of
the line.
The tangency portfolio has the maximum Sharpe ratio of any
portfolio, where the Sharpe ratio is defined as
Sharpe ratio =
P
f
P r
]
E[R
σ
−
Put differently, the tangency portfolio has the best risk-return
trade-off of any portfolio.
Aside
‘Alpha’ is a measure of a mutual fund’s risk-adjusted performance. A
mutual fund should hold the tangency portfolio if it wants to maximize its
alpha.
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Summary
Diversification reduces risk. The standard deviation of a
portfolio is always less than the average standard deviation of the
individual stocks in the portfolio.
In diversified portfolios, covariances among stocks are more
important than individual variances. Only systematic risk
matters.
Investors should try to hold portfolios on the efficient
frontier. These portfolios maximize expected return for a given
level of risk.
With a riskless asset, all investors should hold the tangency
portfolio. This portfolio maximizes the trade-off between risk and
expected return.
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Today
The CAPM
• Measuring risk
• Systematic vs. diversifiable risk
• The trade-off between risk and return
Reading
• Brealey and Myers, Chapter 8.2 – 8.5
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Review
Diversification
Diversification reduces risk, as long as stocks aren’t perfectly
correlated with each other.
Portfolio variance depends primarily on the covariances among
stocks, not the individual variances. Risk common to all firms
cannot be diversified away.
Investors should try to hold portfolios that maximize expected
return for a given level of risk. The tangency portfolio is the
best portfolio.
3
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Diversification
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Optimal portfolios
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2.4%
1.8%
1.2%
0.6%
0.0%
0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0% 16.0%
Tangency
portfolio
Riskfree asset
GM
IBM
Motorola
Efficient frontier
Std dev
5
 


	255. MIT SLOAN SCHOOL  OF MANAGEMENT
15.414 Class 11
The CAPM
Capital Asset Pricing Model
Stock prices are affected by firm-specific and marketwide
risks. Investors care only about risk that is non-diversifiable.
A stock’s non-diversifiable risk is measured by beta, the
slope when the stock is regressed on the market:
Ri = α + β RM + ε
Expected, or required, returns are a linear function of betas:
E[Ri] = rf + βi E[RM – rf] Market risk premium
For example, a stock with β = 2 is twice as risky as the market, so
investors require twice the risk premium.
6
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CAPM: Security Market Line
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Beta
Regression slope
How sensitive is the stock to overall market movements?
How much does the stock go up or down when other stocks go
up or down?
Ri = α + β RM + ε
ε = firm-specific return
(‘diversifiable,’ ‘idiosyncratic,’ or ‘unsystematic’ risk)
β = sensitivity to market returns
(‘systematic,’ ‘non-diversifiable,’ or ‘macroeconomic’ risk)
R2
= explained variance
(fraction of variance explained by market returns)
8
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Regressions in Excel
9
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Gillette vs. Total U.S. market return
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NASDAQ vs. Total U.S. market return
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Betas, 1960 – 2001
Size-sorted portfolios
1960 – 1979
Decile β R2
1980 – 2001
Decile β R2
Smallest 1.58 0.60 Smallest 1.27 0.49
2 1.45 0.76 2 1.25 0.72
3 1.45 0.81 3 1.26 0.75
4 1.36 0.84 4 1.22 0.79
5 1.32 0.86 5 1.18 0.80
6 1.27 0.90 6 1.13 0.85
7 1.22 0.92 7 1.09 0.89
8 1.16 0.95 8 1.04 0.91
9 1.05 0.96 9 1.02 0.95
Largest 0.92 0.97 Largest 0.96 0.97
12
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CAPM
Key insight
For a diversified investor, beta measures a stock’s contri-
bution to portfolio risk. Beta, not variance, is the appropriate
measure of risk.
The required return on a stock equals:
E[Ri] = rf + βi E[RM – rf]
13
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Security Market Line
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Example 1
Using monthly returns from 1990 – 2001, you estimate that Microsoft
has a beta of 1.49 (std err = 0.18) and Gillette has a beta of 0.81 (std
err = 0.14). If these estimates are a reliable guide for their risks
going forward, what rate of return is required for an investment in
each stock?
E[Ri] = rf + βi E[RM – rf]
Tbill rate = 1.0%; market risk premium is around 4 – 6%.
Expected returns
Gillette: E[RGS] = 0.01 + (0.81 × 0.06) = 5.86%
Microsoft: E[RMSFT] = 0.01 + (1.49 × 0.06) = 9.94%
15
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Example 2
Over the past 40 years, the smallest decile of firms had an average
monthly return of 1.33% and a beta of 1.40. The largest decile of
firms had an average return of 0.90% and a beta of 0.94. Over the
same time period, the riskfree rate averaged 0.43% and the market
risk premium was 0.49%. Are the average returns consistent with
the CAPM?
E[Ri] = rf + βi E[RM – rf]
Tbill rate = 0.43%; market risk premium is 0.49%.
How far are average returns from the CAPM security market
line?
16
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Size portfolios, 1960 – 2001
Average returns vs. CAPM
Avg CAPM
Decile return β rf + βi E[RM – rf] Difference
Smallest 1.33 1.40 1.15 0.19
2 1.06 1.33 1.11 -0.06
3 1.13 1.34 1.12 0.01
4 1.14 1.28 1.09 0.05
5 1.14 1.24 1.07 0.07
6 1.10 1.19 1.04 0.06
7 1.04 1.14 1.02 0.02
8 1.10 1.09 0.99 0.11
9 1.00 1.03 0.97 0.03
Largest 0.90 0.94 0.93 -0.03
Difference = Avg. return – CAPM prediction
17
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Size portfolios, 1960 – 2001
0.60
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
Return
0.70 0.90 1.10 1.30 1.50 1.70
Beta
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Example 3
You are choosing between two mutual funds. Over the past 10
years, BlindLuck Value Fund had an average return of 12.8% and a
β of 0.9. EasyMoney Growth Fund had a return of 17.9% and a β of
1.3. The market’s average return over the same period was 14%
and the Tbill rate was 5%.
Which fund is better?
CAPM
Portfolio Avg return β rf + βi E[RM – rf] Dif
Market 14.0% 1.0
BlindLuck 12.8 0.9 13.1 -0.30
EasyMoney 17.9 1.3 16.7 1.20
[‘Dif’ is referred to as the fund’s ‘alpha’]
19
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