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This book describes the theory and practice of

corporate finance. We hardly need to explain why
financial managers have to master the practical aspects
of their job, but we should spell out why down-to-
earth managers need to bother with theory.

Managers learn from experience how to cope with
routine problems. But the best managers are also able
to respond to change. To do so you need more than
time-honored rules of thumb; you must understand
why companies and financial markets behave the way
they do. In other words, you need a theory of finance.

Does that sound intimidating? It shouldn’t. Good
theory helps you to grasp what is going on in the
world around you. It helps you to ask the right ques-
tions when times change and new problems need to
be analyzed. It also tells you which things you do oz
need to worry about. Throughout this book we show
how managers use financial theory to solve practical
problems.

Of course, the theory presented in this book is not
perfect and complete—no theory is. There are some
famous controversies where financial economists can-
not agree. We have not glossed over these disagree-
ments. We set out the arguments for each side and tell
you where we stand.

Much of this book is concerned with understand-
ing what financial managers do and why. But we also
say what financial managers should do to increase
company value. Where theory suggests that finan-
cial managers are making mistakes, we say so, while
admitting that there may be hidden reasons for their
actions. In brief, we have tried to be fair but to pull
no punches.

This book may be your first view of the world of mod-
ern finance theory. If so, you will read first for new ideas,
for an understanding of how finance theory translates
into practice, and occasionally, we hope, for entertain-
ment. But eventually you will be in a position to make
financial decisions, not just study them. At that point
you can turn to this book as a reference and guide.

Changes in the Tenth Edition

We are proud of the success of previous editions of
Principles, and we have done our best to make the
tenth edition even better.

Preface

What is new in the tenth edition? First, we have
rewritten and refreshed several basic chapters. Content
remains much the same, but we think that the revised
chapters are simpler and flow better. These chapters
also contain more real-world examples.

+ Chapter 1 is now titled “Goals and Governance of
the Firm.” We introduce financial management by
recent examples of capital investment and financ-
ing decisions by several well-known corporations.
We explain why value maximization makes sense
as a financial objective. Finally, we look at why
good governance and incentive systems are needed
to encourage managers and employees to work
together to increase firm value and to behave
ethically.

+ Chapter 2 combines Chapters 2 and 3 from the
ninth edition. It goes directly into how pres-
ent values are calculated. We think that it is bet-
ter organized and easier to understand in its new
presentation.

+ Chapter 3 introduces bond valuation. The material
here has been reordered and simplified. The chap-
ter focuses on default-free bonds, but also includes
an introduction to corporate debt and default risk.
(We discuss corporate debt and default risk in more
detail in Chapter 23.)

+ Short-term and long-term financial planning are
now combined in Chapter 29. We decided that
covering financial planning in two chapters was
awkward and inefficient.

+ Chapter 28 is now devoted entirely to financial
analysis, which should be more convenient to
instructors who wish to assign this topic early in
their courses. We explain how the financial state-
ments and ratios help to reveal the value, profit-
ability, efficiency, and financial strength of a real
company (Lowe’s).

The credit crisis that started in 2007 dramatically
demonstrated the importance of a well-functioning
financial system and the problems that occur when it
ceases to function properly. Some have suggested that
the crisis disproved the lessons of modern finance.
On the contrary, we believe that it was a wake-up
call—a call to remember basic principles, including the
importance of good systems of governance, proper

vii
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Preface

management incentives, sensible capital structures,
and effective risk management.

We have added examples and discussion of the
crisis throughout the book, starting in Chapter 1
with a discussion of agency costs and the importance
of good governance. Other chapters have required
significant revision as a result of the crisis. These
include Chapter 12, which discusses executive com-
pensation; Chapter 13, where the review of market
efficiency includes an expanded discussion of asset
price bubbles; Chapter 14, where the section on
financial institutions covers the causes and progress
of the crisis; Chapter 23, where we discuss the AIG
debacle; and Chapter 30, where we note the effect of
the crisis on money-market mutual funds.

The first edition of this book appeared in 1981. Basic
principles are the same now as then, but the last three
decades have also generated important changes in the-
ory and practice. Research in finance has focused less
on what financial managers should do, and more on
understanding and interpreting what they do in prac-
tice. In other words, finance has become more positive
and less normative. For example, we now have careful
surveys of firms’ capital investment practices and pay-
out and financing policies. We review these surveys and
look at how they cast light on competing theories.

Many financial decisions seem less clear-cut than
they were 20 or 30 years ago. It no longer makes sense
to ask whether high payouts are always good or always
bad, or whether companies should always borrow less
or more. The right answer is, “It depends.” Therefore
we set out pros and cons of different policies. We ask
“What questions should the financial manager ask
when setting financial policy?” You will, for example,
see this shift in emphasis when we discuss payout deci-
sions in Chapter 16.

This edition builds on other changes from earlier
editions. We recognize that financial managers work
more than ever in an international environment and
therefore need to be familiar with international dif-
ferences in financial management and in financial
markets and institutions. Chapters 27 (Managing
International Risks) and 33 (Governance and Cor-
porate Control around the World) are exclusively
devoted to international issues. We have also found
more and more opportunities in other chapters to draw
cross-border comparisons or use non-U.S. examples.
We hope that this material will both provide a better
understanding of the wider financial environment and
be useful to our many readers around the world.

As every first-grader knows, it is easier to add than
to subtract. To make way for new topics we have

needed to make some judicious pruning. We will not
tell you where we have cut out material, because we
hope that the deletions will be invisible.

Making Learning Easier

Each chapter of the book includes an introductory
preview, a summary, and an annotated list of sug-
gested further reading. The list of possible candidates
for further reading is now voluminous. Rather than
trying to list every important article, we have largely
listed survey articles or general books. More specific
references have been moved to footnotes.

Each chapter is followed by a set of basic questions,
intermediate questions on both numerical and
conceptual topics, and a few challenge questions.
Answers to the odd-numbered basic questions appear
in an appendix at the end of the book.

We have added a Real-Time Data Analysis section
to chapters where it makes sense to do so. This section
now houses some of the Web Projects you have seen
in the previous edition, along with new Data Analy-
sis problems. These exercises seek to familiarize the
reader with some useful Web sites and to explain how
to download and process data from the Web. Many of
the Data Analysis problems use financial data that the
reader can download from Standard & Poor’s Educa-
tional Version of Market Insight, an exclusive part-
nership with McGraw-Hill.

The book also contains 10 end-of-chapter mini-
cases. These include specific questions to guide the
case analyses. Answers to the mini-cases are available
to instructors on the book’s Web site.

Spreadsheet programs such as Excel are tailor-made
for many financial calculations. Several chapters now
include boxes that introduce the most useful financial
functions and provide some short practice questions.
We show how to use the Excel function key to locate
the function and then enter the data. We think that
this approach is much simpler than trying to remem-
ber the formula for each function.

Many tables in the text appear as spreadsheets. In
these cases an equivalent “live” spreadsheet appears
on the book’s Web site. Readers can use these live
spreadsheets to understand better the calculations
behind the table and to see the effects of changing the
underlying data. We have also linked end-of-chapter
questions to the spreadsheets.

We conclude the book with a glossary of financial
terms.

The 34 chapters in this book are divided into 11
parts. Parts 1 to 3 cover valuation and capital invest-
ment decisions, including portfolio theory, asset



pricing models, and the cost of capital. Parts 4 to 8
cover payout policy, capital structure, options (includ-
ing real options), corporate debt, and risk manage-
ment. Part 9 covers financial analysis, planning, and
working-capital management. Part 10 covers mergers
and acquisitions, corporate restructuring, and corpo-
rate governance around the world. Part 11 concludes.

We realize that instructors will wish to select topics
and may prefer a different sequence. We have there-
fore written chapters so that topics can be introduced
in several logical orders. For example, there should
be no difficulty in reading the chapters on financial
analysis and planning before the chapters on valua-
tion and capital investment.
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Pedagogical Features

Chapter Overview
Each chapter begins with a brief
narrative and outline to explain
the concepts that will be covered
in more depth. Useful Web sites
related to material for each Part are
provided on the book’s Web site at
www.mhhe.com/bma.

Finance in Practice
Boxes
Relevant news articles from finan-
cial publications appear in vari-
ous chapters throughout the text.
Aimed at bringing real-world flavor
into the classroom, these boxes pro-
vide insight into the business world
today.

Numbered Examples
New to this edition! Numbered
and titled examples are called-out
within chapters to further illustrate
concepts. Students can learn how to
solve specific problems step-by-step
as well as gain insight into general
principles by seeing how they are
applied to answer concrete ques-
tions and scenarios.

VALUE

of the Firm

are and what they are seeking to accomplish.

) This book is about how corporations make financial
decisions. We start by explaining what these decisions

Corporations invest in real assets, which generate cash
inflows and income. Some of the assets are tangible

CHAPTER

Goals and Governance

of these things, it does cover the concepts that govern
good financial decisions, and it shows you how to use
the tools of the trade of modern finance.

We start this chapter by looking at a fundamental
trade-off. The corporation can either invest in new

D Stock markets allow investors to bet on their favor-
ite stocks. Prediction markets allow them to bet on
almost anything else. These markets reveal the collec-
tive guess of traders on issues as diverse as New York
City snowfall, an avian flu outbreak, and the occur-
rence of a major earthquake.

Prediction markets are conducted on the major
futures exchanges and on a number of smaller online
exchanges such as Intrade (www.intrade.com) and
the Iowa Electronic Markets (www.biz.niowa.edu/
iem). Take the 2008 presidential race as an example.
On the Towa Electronic Markets you could bet that
Barack Obama would win by buying one of his con-

tracts. Each Obama contract paid $1 if he won the

FINANCE IN PRACTICE

Prediction Markets

and selling, the market price of a contract revealed the
collective wisdom of the crowd.

Take a look at the accompanying figure from the
Towa Electronic Markets. It shows the contract prices
for the two contenders for the White House between
June and November 2008. Following the Republican
convention at the start of September, the price of a
McCain contract reached a maximum of $.47. From
then on the market suggested a steady fall in the prob-
ability of a McCain victory.

Participants in prediction markets are putting their
money where their mouth is. So the forecasting accu-
racy of these markets compares favorably with those of
major polls. Some businesses have also formed inter-

DGV IJNFIE @ Winning Big at the Lottery

PV = 11.828 X 25-year annuity factor

1 1
=11.828 X| — ———¢
|:r (1 +r)25:|

When 13 lucky machinists from Ohio pooled their money to buy Powerball lottery tickets,
they won a record $295.7 million. (A fourteenth member of the group pulled out at the
last minute to put in his own numbers.) We suspect that the winners received unsolicited
congratulations, good wishes, and requests for money from dozens of more or less worthy
charities. In response, they could fairly point out that the prize wasn’t really worth $295.7
million. That sum was to be repaid in 25 annual installments of $11.828 million each.
Assuming that the first payment occurred at the end of one year, what was the present value
of the prize? The interest rate at the time was 5.9%.

These payments constitute a 25-year annuity. To value this annuity we simply multiply
$11.828 million by the 25-year annuity factor:




Excel Treatment

Useful Spreadsheet

Functions Boxes
New to this edition! These boxes
provide detailed examples of how
to use Excel spreadsheets when
applying financial concepts. Ques-
tions that apply to the spreadsheet
follow for additional practice.

USEFUL SPREADSHEET FUNCTIONS

Internal Rate of Return

D Spreadsheet programs such as Excel provide built-in
functions to solve for internal rates of return. You can
find these functions by pressing fx on the Excel toolbar.
If you then click on the function that you wish to use,
Excel will guide you through the inputs that are required.
At the bottom left of the function box there is a Help
facility with an example of how the function is used.
Here is a list of useful functions for calculating
internal rates of return, together with some points to

Note the following:

* For these functions, you must enter the addresses
of the cells that contain the input values.

* The IRR functions calculate only one IRR even
when there are multiple IRRs.
SPREADSHEET QUESTIONS

The following questions provide an opportunity to
practice each of the above functions:

el bar R G e 1. (IRR) Check the IRRs on projects F and G in

Section 5-3.
(IRR) What is the IRR of a project with the fol-
lowing cash flows:

* IRR: Internal rate of return on a series of
regularly spaced cash flows.

* XIRR: The same as IRR, but for irregularly
spaced flows.

—~$5000 +$2200  +$4,650  +$3,330

"R m%@'ﬂukmzcl)
A ] B ¢c T o T ETF T 6 [ H

-4000 2000 4000 .
@rc) 3. (IRR) Now use the function to calculate the IRR

on Helmsley Iron’s mining project in Section 5-3.
There are really two IRRs to this project (why?).
How many IRRs does the function calculate?

Tl
b ol

T
i\

Values ALiCL ~ {4000,2000, 4000}
Guess B

= 0280775405

4. (XIRR) What is the IRR of a project with the fol-
lowing cash flows:

Returns the interna rate ofreturn for  serfes of cash flows,

Guess s 3 number that you guess s cose tothe resul of IRR; 0.1 (10 percent)
 omited,

Formula resul = 0280776406 —$215,000 ... +8185,000 ... +§85000 ... +$43,000
ot unctin = =)

(All other cash flows are 0.)

Excel Exhibits

Select exhibits are set as Excel Q@ = = = = ng,)ct oF
Spreadsheets and have been denoted Deviation Deviation Squared deviations
Wlth an iCOl’l rl-rhe are also available from from average | deviation |from average
: y Market | Anchovy Q average Anchovy Q | from average returns
on the bOOk’S Web site at Month | return return market return return market return| (cols 4 x 5)
1 -8% -11% -10 -13 100 130
www.mhhe.com/bma. > 4 - > - . =
3 12 19 10 17 100 170
4 -6 -13 -8 -15 64 120
5 2 3 0 1 0 0
6 8 6 6 4 36 24
Average 2 2 Total 304 456

Variance = 6,,2 = 304/6 = 50.67
Covariance = o;,, = 456/6 =76
Beta (8) = Gip/Om? = 76/50.67 = 1.5

D TABLE 7.7 Calculating the variance of the market returns and the covariance between the exce’
returns on the market and those of Anchovy Queen. Beta is the ratio of the variance to the Visit us at
covariance (i.e., p = o,,/02). www.mhhe.com/bma




End-of-Chapter Features

Problem Sets
New end-of-chapter prob-
lems are included for even
more hands-on practice. We
have separated the questions
by level of difficulty: Basic,
Intermediate, and Challenge.
Answers to the odd-numbered
basic questions are included
at the back of the book.

Excel Problems

Most chapters contain prob-
lems, denoted by an icon,
specifically linked to Excel
templates that are available
on the book’s Web site at
www.mhhe.com/bma.

BASIC

1.

2.

Suppose a firm uses its company cost of capital to evaluate all projects. Will it underesti-
mate or overestimate the value of high-risk projects?

A company is 40% financed by risk-free debt. The interest rate is 10%, the expected mar-
ket risk premium is 8%, and the beta of the company’s common stock is .5. What is the
company cost of capital? What is the after-tax WACC, assuming that the company pays
tax at a 35% rate?

. Look back to the top-right panel of Figure 9.2. What proportion of Amazon’s returns was

explained by market movements? What proportion of risk was diversifiable? How does the
diversifiable risk show up in the plot> What is the range of possible errors in the estimated
beta?

PROBLEM SETS

INTERMEDIATE

11.

The total market value of the common stock of the Okefenokee Real Estate Company is $6

million, and the total value of its debt is $4 million. The treasurer estimates that the beta

of the stock is currently 1.5 and that the expected risk premium on the market is 6%. The

Treasury bill rate is 4%. Assume for simplicity that Okefenokee debt is risk-free and the

company does not pay tax.

a. What is the required return on Okefenokee stock?

b. Estimate the company cost of capital.

c. What is the discount rate for an expansion of the company’s present business?

d. Suppose the company wants to diversify into the manufacture of rose-colored specta-
cles. The beta of unleveraged optical manufacturers is 1.2. Estimate the required return
on Okefenokee’s new venture.

12. Nero Violins has the following capital structure:

CHALLENGE

23.

24,

Suppose you are valuing a future stream of high-risk (high-beta) cash owusflows. High risk
means a high discount rate. But the higher the discount rate, the less the present value.
This seems to say that the higher the risk of cash outflows, the less you should worry about
them! Can that be right? Should the sign of the cash flow affect the appropriate discount
rate? Explain.

An oil company executive is considering investing $10 million in one or both of two wells:
well 1 is expected to produce oil worth $3 million a year for 10 years; well 2 is expected to
produce $2 million for 15 years. These are real (inflation-adjusted) cash flows.

15.

16.

A 10-year German government bond (bund) has a face value of €100 and a coupon rate of

5% paid annually. Assume that the interest rate (in euros) is equal to 6% per year. What is

the bond’s PV?

A 10-year U.S. Treasury bond with a face value of $10,000 pays a coupon of 5.5% (2.75%

of face value every six months). The semiannually compounded interest rate is 5.2% (a six-

month discount rate of 5.2/2 = 2.6%).

a. What is the present value of the bond?

b. Generate a graph or table showing how the bond’s present value changes for semiannually
compounded interest rates between 1% and 15%.

eXcel

Visit us at
www.mhhe.com/bma

eXcel

Visit us at
www.mhhe.com/bma




Real-Time Data
Analysis Section

Featured among select chap-

ters, this section includes Web

exercises as well as Standard
& Poor’s questions. The
Web exercises give students
the opportunity to explore
financial Web sites on their
own to gain familiarity and
apply chapter concepts. The
Standard & Poor’s questions
directly incorporate the Edu-
cational Version of Market
Insight, a service based on
S&P’s renowned Compustat
database. These problems
provide an easy method of
including current, real-world
data into the classroom. An
access code for this S&P site
is provided free with the pur-
chase of a new book.

Mini-Cases
To enhance concepts dis-
cussed within a chapter, mini-
cases are included in select

chapters so students can apply

their knowledge to real-world
scenarios.

Xiv

[ ] [ ] [ ]
REAL-TIME You can download data for the following questions from the Standard & Poor’s Market
DATA ANALYSIS Insight Web site (www.mhhe.com/edumarketinsigh the “Monthly Adjusted Prices”
spreadsheet—or from finance.yahoo.com. Refer to the useful Spreadsheet Functions box
near the end of Chapter 9 for information on Excel functions.
STANDARD . .
RPOORS 1. Download to a spreadsheet the last three years of monthly adjusted stock prices for Coca-

Cola (KO), Citigroup (C), and Pfizer (PFE).

a. Calculate the monthly returns.

b. Calculate the monthly standard deviation of those returns (see Section 7-2). Use the
Excel function STDEVP to check your answer. Find the annualized standard deviation
by multiplying by the square root of 12.

. Use the Excel function CORREL to calculate the correlation coefficient between the
monthly returns for each pair of stocks. Which pair provides the greatest gain from
diversification?

o

d. Calculate the standard deviation of returns for a portfolio with equal investments in the
three stocks.

Download to a spreadsheet the last five years of monthly adjusted stock prices for each of
the companies in Table 7.5 and for the Standard & Poor’s Composite Index (S&P 500).

a. Calculate the monthly returns.

»

b. Calculate beta for each stock using the Excel function SLOPE, where the “y” range refers
to the stock return (the dependent variable) and the “x” range is the market return (the
independent variable).

c. How have the betas changed from those reported in Table 7.5?

&

A large mutual fund group such as Fidelity offers a variety of funds. They include sector
funds that specialize in particular industries and index funds that simply invest in the market
index. Log on to www.fidelity.com and find first the standard deviation of returns on the
Fidelity Spartan 500 Index Fund, which replicates the S&P 500. Now find the standard
deviations for different sector funds. Are they larger or smaller than the figure for the index
fund? How do you interpret your findings?

MINI-CASE ¢ <

Waldo County

Waldo County, the well-known real estate developer, worked long hours, and he expected his
staff to do the same. So George Chavez was not surprised to receive a call from the boss just as
George was about to leave for a long summer’s weekend.

Mr. County’s success had been built on a remarkable instinct for a good site. He would
exclaim “Location! Location! Location!” at some point in every planning meeting. Yet finance
was not his strong suit. On this occasion he wanted George to go over the figures for a new
$90 million outlet mall designed to intercept tourists heading downeast toward Maine. “First
thing Monday will do just fine,” he said as he handed George the file. “I’ll be in my house in
Bar Harbor if you need me.”

George’s first task was to draw up a summary of the projected revenues and costs. The
results are shown in Table 10.8. Note that the mall’s revenues would come from two sources:
The company would charge retailers an annual rent for the space they occupied and in addi-
tion it would receive 5% of each store’s gross sales.

Construction of the mall was likely to take three years. The construction costs could be
depreciated straight-line over 15 years starting in year 3. As in the case of the company’s other
developments, the mall would be built to the highest specifications and would not need to be
rebuilt until year 17. The land was expected to retain its value, but could not be depreciated
for tax purposes.




In this edition, we have gone to great lengths to
ensure that our supplements are equal in quality
and authority to the text itself.

FOR THE INSTRUCTOR

The following supplements are available to you via
the book’s Web site at www.mhhe.com/bma and are
password protected for security. Print copies are avail-
able through your McGraw-Hill/Irwin representative.

Instructor’s Manual

The Instructor’s Manual was extensively revised and
updated by Matthew Will of the University of India-
napolis. It contains an overview of each chapter, teach-
ing tips, learning objectives, challenge areas, key terms,
and an annotated outline that provides references to
the PowerPoint slides.

Test Bank

The Test Bank, also revised by Matthew Will, has been
updated to include hundreds of new multiple-choice
and short answer/discussion questions based on the
revisions of the authors. The level of difficulty varies,
as indicated by the easy, medium, or difficult labels.

Computerized Test Bank

McGraw-Hill’s EZ Test is a flexible and easy-to-use
electronic testing program. The program allows you
to create tests from book-specific items. It accom-
modates a wide range of question types and you can
add your own questions. Multiple versions of the test
can be created and any test can be exported for use
with course management systems such as WebCT,
BlackBoard, or PageOut. EZ Test Online is a new
service and gives you a place to easily administer
your EZ Test-created exams and quizzes online. The
program 1is available for Windows and Macintosh
environments.

PowerPoint Presentation

Matthew Will of the University of Indianapolis pre-
pared the PowerPoint presentation, which contains
exhibits, outlines, key points, and summaries in a
visually stimulating collection of slides. You can edit,
print, or rearrange the slides to fit the needs of your
course.

-Supplements

Solutions Manual
ISBN 9780077316457
MHID 0077316452

The Solutions Manual, carefully revised by George Geis
of the University of Virginia, contains solutions to all
basic, intermediate, and challenge problems found at the
end of each chapter. This supplement can be purchased by
your students with your approval or can be packaged with
this text at a discount. Please contact your McGraw-Hill/
Irwin representative for additional information.

Finance Video Series DVD
ISBN 9780073363653
MHID 0073363650

The McGraw-Hill/Irwin Finance Video Series is a
complete video library designed to be added points
of discussion to your class. You will find examples of
how real businesses face hot topics like mergers and
acquisitions, going public, time value of money, and
careers in finance.

FOR THE STUDENT

Study Guide
ISBN 9780077316471
MHID 0077316479

The Study Guide, meticulously revised by V. Sivarama
Krishnan of the University of Central Oklahoma, con-
tains useful and interesting keys to learning. It includes
an introduction to each chapter, key concepts, exam-
ples, exercises and solutions, and a complete chapter
summary.

Online Support
ONLINE LEARNING CENTER

www.mhhe.com/bma

Find a wealth of information online! This site contains
information about the book and the authors as well as
teaching and learning materials for the instructor and
student, including:

* Excel templates There are templates for select
exhibits (“live” Excel), as well as various end-of-
chapter problems that have been set as Excel spread-
sheets—all denoted by an icon. They correlate with
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Supplements

specific concepts in the text and allow students to
work through financial problems and gain experi-
ence using spreadsheets. Also refer to the valuable
Useful Spreadsheet Functions Boxes that are sprin-
kled throughout the text for some helpful prompts
on working in Excel.

* Online quizzes These multiple-choice questions
are provided as an additional testing and reinforce-
ment tool for students. Each quiz is organized
by chapter to test the specific concepts presented
in that particular chapter. Immediate scoring of
the quiz occurs upon submission and the correct
answers are provided.

» Standard & Poor’s Educational Version of Market
Insight McGraw-Hill is proud to partner with Stan-
dard & Poor’s by offering students access to the edu-
cational version of Market Insight. A passcode card
is bound into new books, which gives you access to
six years of financial data for over 1,000 real compa-
nies. Relevant chapters contain end-of-chapter prob-
lems that use this data to help students gain a better
understanding of practical business situations.

* Interactive FinSims This valuable asset con-
sists of multiple simulations of key financial top-
ics. Ideal for students to reinforce concepts and
gain additional practice to strengthen skills.

MCGRAW-HILL CONNECT FINANCE
Less Managing. More Teaching. Greater Learning.
McGraw-Hill Connect Finance
Connect is an online assignment and
Learn ~  assessment solution that con-
% ’Succeed nects students with the tools
and resources they’ll need to
achieve success.
McGraw-Hill Connect Finance helps prepare students
for their future by enabling faster learning, more effi-
cient studying, and higher retention of knowledge.

McGraw-Hill Connect Finance Features
Connect Finance ofters
wr'tr]ectw a number of power-
% ful tools and features
|FINANCE to make managing
assignments  easier,
so faculty can spend more time teaching. With Connect
Finance, students can engage with their coursework any-
time and anywhere, making the learning process more
accessible and efficient. Connect Finance offers the fea-

tures described here.

Simple Assignment Management

With Connect Finance creating assignments is easier
than ever, so you can spend more time teaching and
less time managing. The assignment management
function enables you to:

+ Create and deliver assignments easily with selectable
end-of-chapter questions and test bank items.

« Streamline lesson planning, student progress report-
ing, and assignment grading to make classroom
management more efficient than ever.

+  Go paperless with the eBook and online submission
and grading of student assignments.

Automatic Grading

When it comes to studying, time is precious. Cormnect
Finance helps students learn more efficiently by providing
feedback and practice material when they need it, where
they need it. When it comes to teaching, your time also
is precious. The grading function enables you to:

+ Have assignments scored automatically, giving stu-
dents immediate feedback on their work and side-
by-side comparisons with correct answers.

+ Access and review each response, manually change
grades, or leave comments for students to review.

+ Reinforce classroom concepts with practice tests
and instant quizzes.

Instructor Library

The Connect Finance Instructor Library is your reposi-
tory for additional resources to improve student
engagement in and out of class. You can select and use
any asset that enhances your lecture.

Student Study Center

The Connect Finance Student Study Center is the place
for students to access additional resources. The Stu-
dent Study Center:

+ Offers students quick access to lectures, practice
materials, eBooks, and more.

« Provides instant practice material and study ques-
tions, easily accessible on-the-go.

+ Gives students access to the Personal Learning Plan

described below.

Personal Learning Plan

The Personal Learning Plan (PLP) connects each stu-
dent to the learning resources needed for success in
the course. For each chapter, students:

« Take a practice test to initiate the Personal Learning
Plan.



+ Immediately upon completing the practice test, see
how their performance compares to the chapter
objectives to be achieved within each section of the
chapters.

+ Receive a Personal Learning Plan that recommends
specific readings from the text, supplemental study
material, and practice work that will improve
their understanding and mastery of each learning
objective.

Student Progress Tracking

Connect Finance keeps instructors informed about how
each student, section, and class is performing, allowing
for more productive use of lecture and office hours.
The progress-tracking function enables you to:

+ View scored work immediately and track individual
or group performance with assignment and grade
reports.

+ Access an instant view of student or class perfor-
mance relative to learning objectives.

Lecture Capture through Tegrity Campus

For an additional charge Lecture Capture offers new
ways for students to focus on the in-class discussion,
knowing they can revisit important topics later. This
can be delivered through Connect or separately. See
below for more details.

McGraw-Hill Connect Plus Finance
McGraw-Hill = rein-
% mmect vents the textbook
[FINANCE learning experience
for the modemn stu-
dent with Connect Plus Finance. A seamless integration
of an eBook and Connect Finance, Connect Plus Finance
provides all of the Connect Finance features plus the
following:

+ An integrated eBook, allowing for anytime, any-
where access to the textbook.

+ Dynamic links between the problems or questions
you assign to your students and the location in the
eBook where that problem or question is covered.

+ A powerful search function to pinpoint and con-
nect key concepts in a snap.

In short, Connect Finance offers you and your students

powerful tools and features that optimize your time

and energies, enabling you to focus on course content,

Supplements

teaching, and student learning. Connect Finance also
offers a wealth of content resources for both instruc-
tors and students. This state-of-the-art, thoroughly
tested system supports you in preparing students for
the world that awaits.

For more information about Connect, please visit
www.mcgrawhillconnect.com, or contact your local
McGraw-Hill sales representative.

TEGRITY CAMPUS: LECTURES 24/7

. Tegrity Campus is a
%Gegﬂty COMPUS gervice that makes
class time available
24/7 by automatically capturing every lecture in a
searchable format for students to review when they
study and complete assignments. With a simple one-
click start-and-stop process, you capture all computer
screens and corresponding audio. Students can replay
any part of any class with easy-to-use browser-based
viewing on a PC or Mac.

Educators know that the more students can see,
hear, and experience class resources, the better they
learn. In fact, studies prove it. With Tegrity Campus,
students quickly recall key moments by using Tegrity
Campus’s unique search feature. This search helps
students efficiently find what they need, when they
need it, across an entire semester of class recordings.
Help turn all your students’ study time into learning
moments immediately supported by your lecture.

To learn more about Tegrity watch a two-minute
Flash demo at http://tegritycampus.mhhe.com.

MCGRAW-HILL CUSTOMER CARE CONTACT
INFORMATION

At McGraw-Hill, we understand that getting the most
from new technology can be challenging. That’s why
our services don’t stop after you purchase our prod-
ucts. You can e-mail our Product Specialists 24 hours a
day to get product-training online. Or you can search
our knowledge bank of Frequently Asked Questions
on our support Web site.

For Customer Support, call 800-331-5094, e-mail
hmsupport@mcgraw-hill.com, or visit www.mhhe.
com/support. One of our Technical Support Analysts
will be able to assist you in a timely fashion.
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VALUE

CHAPTER

Goals and Governance

of the Firm

D This book is about how corporations make financial
decisions. We start by explaining what these decisions
are and what they are seeking to accomplish.

Corporations invest in real assets, which generate cash
inflows and income. Some of the assets are tangible
assets such as plantand machinery; others are intangible
assets such as brand names and patents. Corporations
finance these assets by borrowing, by retaining and
reinvesting cash flow, and by selling additional shares
of stock to the corporation’s shareholders. Thus the
corporation’s financial manager faces two broad financial
questions: First, what investments should the corporation
make? Second, how should it pay for those investments?
The investment decision involves spending money; the
financing decision involves raising it.

A large corporation may have hundreds of thousands
of shareholders. These shareholders differ in many
ways, such as their wealth, risk tolerance, and investment
horizon. Yet we will see that they usually endorse the
same financial goal: they want the financial manager
to increase the value of the corporation and its current
stock price.

Thus the secret of success in financial management
is to increase value. That is easy to say, but not very
helpful. Instructing the financial manager to increase
value is like advising an investor in the stock market to
“buy low, sell high.” The problem is how to do it.

There may be a few activities in which one can
read a textbook and then just “do it,” but financial
management is not one of them. That is why finance is
worth studying. Who wants to work in a field where there
is no room for judgment, experience, creativity, and a
pinch of luck? Although this book cannot guarantee any

of these things, it does cover the concepts that govern
good financial decisions, and it shows you how to use
the tools of the trade of modern finance.

We start this chapter by looking at a fundamental
trade-off. The corporation can either invest in new
assets or it can give the cash back to the shareholders,
who can then invest that cash in the financial markets.
Financial managers add value whenever the company
can earn a higher return than shareholders can earn for
themselves. The shareholders’ investment opportunities
outside the corporation set the standard for investments
inside the corporation. Financial managers therefore
refer to the opportunity cost of the capital that
shareholders contribute to the firm.

The success of a corporation depends on how well
it harnesses all its managers and employees to work
to increase value. We therefore take a first look at how
good systems of corporate governance, combined with
appropriate incentives and compensation packages,
encourage everyone to pull together to increase value.

Good governance and appropriate incentives also
help block out temptations to increase stock price by
illegal or unethical means. Thoughtful shareholders do
not want the maximum possible stock price. They want
the maximum honest stock price.

This chapter introduces three themes that return
again and again, in various forms and circumstances,
throughout the book:

1. Maximizing value.

2. The opportunity cost of capital.

3. The crucial importance of incentives and
governance.
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Part One Value

Corporate Investment and Financing Decisions

To carry on business, a corporation needs an almost endless variety of real assets. These
assets do not drop free from a blue sky; they need to be paid for. To pay for real assets, the
corporation sells claims on the assets and on the cash flow that they will generate. These
claims are called financial assets or securities. Take a bank loan as an example. The bank
provides the corporation with cash in exchange for a financial asset, which is the corpora-
tion’s promise to repay the loan with interest. An ordinary bank loan is not a security,
however, because it is held by the bank and not sold or traded in financial markets.

Take a corporate bond as a second example. The corporation sells the bond to investors
in exchange for the promise to pay interest on the bond and to pay off the bond at its matu-
rity. The bond is a financial asset, and also a security, because it can be held by and traded
among many investors in financial markets. Securities include bonds, shares of stock, and
a dizzying variety of specialized instruments. We describe bonds in Chapter 3, stocks in
Chapter 4, and other securities in later chapters.

This suggests the following definitions:

Investment decision = purchase of real assets
Financing decision = sale of financial assets

But these equations are too simple. The investment decision also involves managing
assets already in place and deciding when to shut down and dispose of assets if profits
decline. The corporation also has to manage and control the risks of its investments. The
financing decision includes not just raising cash today but also meeting obligations to
banks, bondholders, and stockholders that contributed financing in the past. For example,
the corporation has to repay its debts when they become due. If it cannot do so, it ends up
insolvent and bankrupt. Sooner or later the corporation will also want to pay out cash to
its shareholders.!

Let’s go to more specific examples. Table 1.1 lists nine corporations. Four are U.S. corpo-
rations. Five are foreign: GlaxoSmithKline’s headquarters are in London, LVMH’s in Paris,
Shell’s in The Hague, Toyota’s in Nagoya, and Lenovo’s in Beijing. We have chosen very
large public corporations that you are probably already familiar with. You probably have
traveled on a Boeing jet, shopped at Wal-Mart, or used a Wells Fargo ATM, for example.

Investment Decisions

The second column of Table 1.1 shows an important recent investment decision for each
corporation. These investment decisions are often referred to as capital budgeting or capi-
tal expenditure (CAPEX) decisions, because most large corporations prepare an annual
capital budget listing the major projects approved for investment. Some of the investments
in Table 1.1, such as Wal-Mart’s new stores or Union Pacific’s new locomotives, involve
the purchase of tangible assets—assets that you can touch and kick. Corporations also need
to invest in intangible assets, however. These include research and development (R&D),
advertising, and marketing. For example, GlaxoSmithKline and other major pharmaceu-
tical companies invest billions every year on R&D for new drugs. These companies also
invest to market their existing products.

!'We have referred to the corporation’s owners as “shareholders” and “stockholders.” The two terms mean exactly the same thing
and are used interchangeably. Corporations are also referred to casually as “companies,” “firms,” or “businesses.” We also use these
terms interchangeably.

2LVMH Moét Hennessy Louis Vuitton (usually abbreviated to LVMH) markets perfumes and cosmetics, wines and spirits, watches
and other fashion and luxury goods. And, yes, we know what you are thinking, but LVMH really is short for Moét Hennessy
Louis Vuitton.
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for 2008)
Boeing ($61 billion)

Royal Dutch Shell ($458 billion)

Toyota (¥26,289 billion)

GlaxoSmithKline (£24 billion)

Wal-Mart ($406 billion)

Union Pacific ($18 billion)

Wells Fargo ($52 billion)

LVMH (€17 billion)

Recent Investment Decision

Began production of its 787 Dreamliner
aircraft, at a forecasted cost of more than
$10 billion.

Invested in a $1.5 billion deepwater oil and
gas field in the Gulf of Mexico.

In 2008 opened new engineering and safety
testing facilities in Michigan.

Spent £3.7 billion in 2008 on research and
development of new drugs.

In 2008 announced plans to invest over a
billion dollars in 90 new stores in Brazil.

Acquired 315 new locomotives in 2007.

Acquired Wachovia Bank in 2008 for
$15.1 hillion.

Acquired the Spanish winery Bodega
Numanthia Termes.

Recent Financing Decision

The cash flow from Boeing’s operations
allowed it to repay some of its debt and
repurchase $2.8 billion of stock.

In 2008 returned $13.1 billion of cash
to its stockholders by buying back their
shares.

Returned ¥431 billion to shareholders
in the form of dividends.

Financed R&D expenditures largely with
reinvested cash flow generated by sales
of pharmaceutical products.

In 2008 raised $2.5 billion by an issue
of 5-year and 30-year bonds.

Largely financed its investment in
locomotives by long-term leases.

Financed the acquisition by an exchange
of shares.

Issued a six-year bond in 2007, raising
300 million Swiss francs.

Expanded its chain of retail stores to cover
over 2,000 cities.

Lenovo ($16 billion) Borrowed $400 million for 5 years from

a group of banks.

D TABLE 1.1 Examples of recent investment and financing decisions by major public corporations.

Today’s capital investments generate future returns. Often the returns come in the dis-
tant future. Boeing committed over $10 billion to design, test, and manufacture the Dream-
liner. It did so because it expects that the plane will generate cash returns for 30 years or
more after it first enters commercial service. Those cash returns must recover Boeing’s huge
initial investment and provide at least an adequate profit on that investment. The longer
Boeing must wait for cash to flow back, the greater the profit that it requires. Thus the
financial manager must pay attention to the timing of project returns, not just their cumula-
tive amount. In addition, these returns are rarely certain. A new project could be a smashing
success or a dismal failure.

Of course, not every investment has such distant payoffs as Boeing’s Dreamliner. Some
investments have only short-term consequences. For example, with the approach of the
Christmas holidays, Wal-Mart spends about $40 billion to stock up its warehouses and
retail stores. As the goods are sold over the following months, the company recovers this
investment in inventories.

Financial managers do not make major investment decisions in solitary confinement.
They may work as part of a team of engineers and managers from manufacturing, market-
ing, and other business functions. Also, do not think of the financial manager as making
billion-dollar investments on a daily basis. Most investment decisions are smaller and sim-
pler, such as the purchase of a truck, machine tool, or computer system. Corporations
make thousands of these smaller investment decisions every year. The cumulative amount
of small investments can be just as large as that of the occasional big investments, such as
those shown in Table 1.1.
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Financing Decisions

The third column of Table 1.1 lists a recent financing decision by each corporation. A corpo-
ration can raise money (cash) from lenders or from shareholders. If it borrows, the lenders con-
tribute the cash, and the corporation promises to pay back the debt plus a fixed rate of interest.
If the shareholders put up the cash, they get no fixed return, but they hold shares of stock and
therefore get a fraction of future profits and cash flow. The shareholders are equity investors,
who contribute equity financing. The choice between debt and equity financing is called the
capital structure decision. Capital refers to the firm’s sources of long-term financing.

The financing choices available to large corporations seem almost endless. Suppose the
firm decides to borrow. Should it borrow from a bank or borrow by issuing bonds that can
be traded by investors? Should it borrow for 1 year or 20 years? If it borrows for 20 years,
should it reserve the right to pay off the debt early if interest rates fall? Should it borrow
in Paris, receiving and promising to repay euros, or should it borrow dollars in New York?
As Table 1.1 shows, the French company LVMH borrowed Swiss francs, but it could have
borrowed dollars or euros instead.

Corporations raise equity financing in two ways. First, they can issue new shares of
stock. The investors who buy the new shares put up cash in exchange for a fraction of the
corporation’s future cash flow and profits. Second, the corporation can take the cash flow
generated by its existing assets and reinvest the cash in new assets. In this case the corpora-
tion is reinvesting on behalf of existing stockholders. No new shares are issued.

What happens when a corporation does not reinvest all of the cash flow generated by its
existing assets? It may hold the cash in reserve for future investment, or it may pay the cash
back to its shareholders. Table 1.1 shows that in 2008 Toyota paid cash dividends of ¥431
billion, equivalent to about $4.3 billion. In the same year Shell paid back $13.1 billion to
its stockholders by repurchasing shares. This was in addition to $9.8 billion paid out as cash
dividends. The decision to pay dividends or repurchase shares is called the payout decision.
We cover payout decisions in Chapter 16.

In some ways financing decisions are less important than investment decisions. Finan-
cial managers say that “value comes mainly from the asset side of the balance sheet.” In
fact the most successful corporations sometimes have the simplest financing strategies.
Take Microsoft as an example. It is one of the world’s most valuable corporations. At the
end of 2008, Microsoft shares traded for $19.44 each. There were about 8.9 billion shares
outstanding. Therefore Microsoft’s overall market value—its market capitalization or market
cap—was $19.44 X 8.9 = $173 billion. Where did this market value come from? It came
from Microsoft’s product development, from its brand name and worldwide customer
base, from its research and development, and from its ability to make profitable future
investments. The value did 7ot come from sophisticated financing. Microsoft’s financing
strategy is very simple: it carries no debt to speak of and finances almost all investment by
retaining and reinvesting cash flow.

Financing decisions may not add much value, compared with good investment deci-
sions, but they can destroy value if they are stupid or if they are ambushed by bad news.
For example, when real estate mogul Sam Zell led a buyout of the Chicago Tribune in 2007,
the newspaper took on about $8 billion of additional debt. This was not a stupid decision,
but it did prove fatal. As advertising revenues fell away in the recession of 2008, the Tribune
could no longer service its debt. In December 2008 it filed for bankruptcy with assets of
$7.6 billion and debts of $12.9 billion.

Business is inherently risky. The financial manager needs to identify the risks and make
sure they are managed properly. For example, debt has its advantages, but too much debt
can land the company in bankruptcy, as the Chicago Tribune discovered. Companies can
also be knocked off course by recessions, by changes in commodity prices, interest rates and
exchange rates, or by adverse political developments. Some of these risks can be hedged or
insured, however, as we explain in Chapters 26 and 27.
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What Is a Corporation?

We have been referring to “corporations.” Before going too far or too fast, we offer some
basic definitions. Details follow as needed in later chapters.

A corporation is a legal entity. In the view of the law, it is a legal person that is owned by
its shareholders. As a legal person, the corporation can make contracts, carry on a business,
borrow or lend money, and sue or be sued. One corporation can make a takeover bid for
another and then merge the two businesses. Corporations pay taxes—but cannot vote!

In the U.S., corporations are formed under state law, based on articles of incorporation
that set out the purpose of the business and how it is to be governed and operated.® For
example, the articles of incorporation specify the composition and role of the board of
directors. A corporation’s directors choose and advise top management and are required
to sign off on some corporate actions, such as mergers and the payment of dividends to
shareholders.

A corporation is owned by its shareholders but is legally distinct from them. Therefore
the shareholders have limited liability, which means that shareholders cannot be held
personally responsible for the corporation’s debts. When the U.S. financial corporation
Lehman Brothers failed in 2008, no one demanded that its stockholders put up more
money to cover Lehman’s massive debts. Shareholders can lose their entire investment in
a corporation, but no more.

Corporations do not have to be prominent, multinational businesses like those listed in
Table 1.1. You can organize a local plumbing contractor or barber shop as a corporation if
you want to take the trouble.* But usually corporations are larger businesses or businesses
that aspire to grow.

When a corporation is first established, its shares may be privately held by a small group
of investors, perhaps the company’s managers and a few backers. In this case the shares are
not publicly traded and the company is closely held. Eventually, when the firm grows and
new shares are issued to raise additional capital, its shares are traded in public markets such
as the New York Stock Exchange. Such corporations are known as public companies. Most
well-known corporations in the U.S. are public companies with widely dispersed sharehold-
ings. In other countries, it is more common for large corporations to remain in private
hands, and many public companies may be controlled by just a handful of investors. The
latter category includes such well-known names as Fiat, Porsche, Benetton, Bosch, IKEA,
and the Swatch Group.

A large public corporation may have hundreds of thousands of shareholders, who own
the business but cannot possibly manage or control it directly. This separation of ownership
and control gives corporations permanence. Even if managers quit or are dismissed and
replaced, the corporation survives. Today’s stockholders can sell all their shares to new
investors without disrupting the operations of the business. Corporations can, in principle,
live forever, and in practice they may survive many human lifetimes. One of the oldest
corporations is the Hudson’s Bay Company, which was formed in 1670 to profit from the
fur trade between northern Canada and England. The company still operates as one of
Canada’s leading retail chains.

The separation of ownership and control can also have a downside, for it can open the
door for managers and directors to act in their own interests rather than in the stockholders’
interest. We return to this problem later in the chapter.

3In the U.S., corporations are identified by the label “Corporation,” “Incorporated,” or “Inc.,” as in US Airways Group, Inc. The
U.K. identifies public corporations by “plc” (short for “Public Limited Corporation”). French corporations have the suffix “SA”
(“Société Anonyme”). The corresponding labels in Germany are “GmbH” (“Gesellschaft mit beschrinkter Haftung”) or “AG”
(“Aktiengesellschaft”).

4 Single individuals doing business on their own behalf are called sole proprietorships. Smaller, local businesses can also be

organized as partnerships or professional corporations (PCs). We cover these alternative forms of business organization in
Chapter 14.

S
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1-2 | The Role of the Financial Manager and the Opportunity Cost of Capital

What do financial managers do for a living? That simple question can be answered in
several ways. We can start with financial managers’ job titles. Most large corporations have
a chief financial officer (CFO), who oversees the work of all financial staff. The CFO is
deeply involved in financial policy and financial planning and is in constant contact with
the Chief Executive Officer (CEO) and other top management. The CFO is the most
important financial voice of the corporation, and explains earnings results and forecasts to
investors and the media.

Below the CFO are usually a treasurer and a controller. The treasurer is responsible for
short-term cash management, currency trading, financing transactions, and bank relation-
ships. The controller manages the company’s internal accounting systems and oversees
preparation of its financial statements and tax returns. The largest corporations have dozens
of more specialized financial managers, including tax lawyers and accountants, experts in
planning and forecasting, and managers responsible for investing the money set aside for
employee retirement plans.

Financial decisions are not restricted to financial specialists. Top management must sign
off on major investment projects, for example. But the engineer who designs a new produc-
tion line is also involved, because the design determines the real assets that the corporation
holds. The engineer also rejects many designs before proposing what he or she thinks is the
best one. Those rejections are also investment decisions, because they amount to decisions
not to invest in other types of real assets.

In this book we use the term financial manager to refer to anyone responsible for an
investment or financing decision. Often we use the term collectively for all the managers
drawn into such decisions.

Let’s go beyond job titles. What is the essential role of the financial manager? Figure 1.1
gives one answer. The figure traces how money flows from investors to the corporation and
back to investors again. The flow starts when cash is raised from investors (arrow 1 in the
figure). The cash could come from banks or from securities sold to investors in financial
markets. The cash is then used to pay for the real assets (investment projects) needed for
the corporation’s business (arrow 2). Later, as the business operates, the assets generate cash
inflows (arrow 3). That cash is either reinvested (arrow 4a) or returned to the investors who
furnished the money in the first place (arrow 44). Of course, the choice between arrows 44
and 42 is constrained by the promises made when cash was raised at arrow 1. For example,
if the firm borrows money from a bank at arrow 1, it must repay this money plus interest
at arrow 44.

D FIGURE 1.1 ) i
Flow of cash between financial markets and ., -g— - .
the firm’s operations. Key: (1) Cash raised by AL st' Fmalr(m c;al
selling financial assets to investors; (2) cash operations markets
) . o . (a bundle (4a) (investors
invested in the firm’s operations and used to R

of real holding

purchase real assets; (3) cash generated by the

assets, financial
firm’s operations; (4a) cash reinvested; (4b) J —P —pp 'Mana

cash returned to investors.

3) (4b) assets)
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You can see examples of arrows 44 and 4% in Table 1.1. GlaxoSmithKline financed its
drug research and development by reinvesting earnings (arrow 44). Shell decided to return
cash to shareholders by buying back its stock (arrow 45). Shell could have chosen instead
to pay the money out as additional cash dividends.

Notice how the financial manager stands between the firm and outside investors. On the
one hand, the financial manager helps manage the firm’s operations, particularly by help-
ing to make good investment decisions. On the other hand, the financial manager deals
with investors—not just with shareholders but also with financial institutions such as banks
and with financial markets such as the New York Stock Exchange.

The Investment Trade-off

Now look at Figure 1.2, which sets out the fundamental trade-off for corporate investment
decisions. The corporation has a proposed investment project (a real asset). Suppose it has
cash on hand sufficient to finance the project. The financial manager is trying to decide
whether to invest in the project. If the financial manager decides not to invest, the corpora-
tion can pay out the cash to shareholders, say as an extra dividend. (The investment and
dividend arrows in Figure 1.2 are arrows 2 and 4% in Figure 1.1.)

Assume that the financial manager is acting in the interests of the corporation’s owners,
its stockholders. What do these stockholders want the financial manager to do? The answer
depends on the rate of return on the investment project and on the rate of return that the
stockholders can earn by investing in financial markets. If the return offered by the invest-
ment project is higher than the rate of return that shareholders can get by investing on their
own, then the shareholders would vote for the investment project. If the investment project
offers a lower return than shareholders can achieve on their own, the shareholders would
vote to cancel the project and take the cash instead.

Figure 1.2 could apply to Wal-Mart’s decisions to invest in new retail stores, for example.
Suppose Wal-Mart has cash set aside to build 10 new stores in 2012. It could go ahead with
the new stores, or it could choose to cancel the investment project and instead pay the
cash out to its stockholders. If it pays out the cash, the stockholders could then invest for
themselves.

Suppose that Wal-Mart’s new-stores project is just about as risky as the U.S. stock mar-
ket and that investment in the stock market offers a 10% expected rate of return. If the
new stores offer a superior rate of return, say 20%, then Wal-Mart’s stockholders would be

Investment Financial Investment
opportunity Shareholders opportunity

(real asset) 1 manager 1 (financial asset)
Invest Alternative: Shareholders

pay dividend invest for themselves
to shareholders

D FIGURE 1.2
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keep and reinvest cash
or return it to inves-
tors. (Arrows represent
possible cash flows or
transfers.) If cash is
reinvested, the opportu-
nity cost is the expected
rate of return that
shareholders could have
obtained by investing in
financial assets.
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happy to let Wal-Mart keep the cash and invest it in the new stores. If the new stores offer
only a 5% return, then the stockholders are better off with the cash and without the new
stores; in that case, the financial manager should turn down the investment project.

As long as a corporation’s proposed investments offer higher rates of return than its
shareholders can earn for themselves in the stock market (or in other financial markets), its
shareholders will applaud the investments and its stock price will increase. But if the com-
pany earns an inferior return, shareholders boo, stock price falls, and stockholders demand
their money back so that they can invest on their own.

In our example, the minimum acceptable rate of return on Wal-Mart’s new stores is
10%. This minimum rate of return is called a hurdle rate or cost of capital. It is really an
opportunity cost of capital, because it depends on the investment opportunities available
to investors in financial markets. Whenever a corporation invests cash in a new proj-
ect, its shareholders lose the opportunity to invest the cash on their own. Corporations
increase value by accepting all investment projects that earn more than the opportunity
cost of capital.

Notice that the opportunity cost of capital depends on the risk of the proposed invest-
ment project. Why? It’s not just because shareholders are risk-averse. It’s also because share-
holders have to trade off risk against return when they invest on their own. The safest
investments, such as U.S. government debt, offer low rates of return. Investments with
higher expected rates of return—the stock market, for example—are riskier and sometimes
deliver painful losses. (The U.S. stock market was down 38% in 2008, for example.) Other
investments are riskier still. For example, high-tech growth stocks offer the prospect of
higher rates of return, but are even more volatile.

Notice too that the opportunity cost of capital is generally not the interest rate that the
company pays on a loan from a bank or on a bond. If the company is making a risky invest-
ment, the opportunity cost is the expected return that investors can achieve in financial
markets at the same level of risk. The expected return on risky securities is normally well
above the interest rate on corporate borrowing.

Managers look to the financial markets to measure the opportunity cost of capital for the
firm’s investment projects. They can observe the opportunity cost of capital for safe invest-
ments by looking up current interest rates on safe debt securities. For risky investments, the
opportunity cost of capital has to be estimated. We start to tackle this task in Chapter 7.

Estimating the opportunity cost of capital is one of the hardest tasks in financial man-
agement, even when the stock, bond, and other financial markets are behaving normally.
When these markets are misbehaving, precise estimates of the cost of capital can be tempo-
rarily out of the question.

Financial markets in the U.S. and most developed countries work well most of the time
but just like the little girl in the poem, “When they are good, they are very good indeed, but
when they are bad they are horrid.”® In 2008 financial markets were horrid. Security prices
bounced around like Tigger on stimulants, and for some types of investment the market
temporarily disappeared. Financial markets no longer offered a good yardstick for a proj-
ect’s value or the opportunity cost of capital. That was a year in which financial managers
really earned their keep.

We give more specific examples of investment decisions and the opportunity cost of
capital at the start of the next chapter.

> The poem is attributed to Longfellow:

There was a little girl,

Who had a little curl,

Right in the middle of her forehead.
When she was good,

She was very good indeed,

But when she was bad she was horrid.
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1-3 | Goals of the Corporation

Shareholders Want Managers to Maximize Market Value

Wal-Mart has over 300,000 shareholders. There is no way that Wal-Mart’s shareholders can
be actively involved in management; it would be like trying to run New York City by town
meetings. Authority has to be delegated to professional managers. But how can Wal-Mart’s
managers make decisions that satisfy all the shareholders? No two shareholders are exactly
the same. They differ in age, tastes, wealth, time horizon, risk tolerance, and investment
strategy. Delegating the operation of the firm to professional managers can work only if the
shareholders have a common objective. Fortunately there is a natural financial objective on
which almost all shareholders agree: Maximize the current market value of shareholders’
investment in the firm.

A smart and effective manager makes decisions that increase the current value of the
company’s shares and the wealth of its stockholders. This increased wealth can then be put
to whatever purposes the shareholders want. They can give their money to charity or spend
it in glitzy nightclubs; they can save it or spend it now. Whatever their personal tastes or
objectives, they can all do more when their shares are worth more.

Maximizing shareholder wealth is a sensible goal when the shareholders have access to
well-functioning financial markets.® Financial markets allow them to share risks and trans-
port savings across time. Financial markets give them the flexibility to manage their own
savings and investment plans, leaving the corporation’s financial managers with only one
task: to increase market value.

A corporation’s roster of shareholders usually includes both risk-averse and risk-tolerant
investors. You might expect the risk-averse to say, “Sure, maximize value, but don’t touch
too many high-risk projects.” Instead, they say, “Risky projects are OK, provided that
expected profits are more than enough to offset the risks. If this firm ends up too risky for
my taste, I'll adjust my investment portfolio to make it safer.” For example, the risk-averse
shareholders can shift more of their portfolios to safe assets, such as U.S. government
bonds. They can also just say good-bye, selling shares of the risky firm and buying shares
in a safer one. If the risky investments increase market value, the departing shareholders are
better off than if the risky investments were turned down.

A Fundamental Result

The goal of maximizing shareholder value is widely accepted in both theory and practice. It’s
important to understand why. Let’s walk through the argument step by step, assuming that
the financial manager should act in the interests of the firm’s owners, its stockholders.

1. Each stockholder wants three things:
a. To be as rich as possible, that is, to maximize his or her current wealth.

b. To transform that wealth into the most desirable time pattern of consumption
either by borrowing to spend now or investing to spend later.

c. To manage the risk characteristics of that consumption plan.

2. But stockholders do not need the financial manager’s help to achieve the best time
pattern of consumption. They can do that on their own, provided they have free

® Here we use “financial markets” as shorthand for the financial sector of the economy. Strictly speaking, we should say “access to
well-functioning financial markets and institutions.” Many investors deal mostly with financial institutions, for example, banks,
insurance companies, or mutual funds. The financial institutions then engage in financial markets, including the stock and bond
markets. The institutions act as financial intermediaries on behalf of individual investors.
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access to competitive financial markets. They can also choose the risk
characteristics of their consumption plan by investing in more- or less-risky
securities.

3. How then can the financial manager help the firm’s stockholders? There is only one
way: by increasing their wealth. That means increasing the market value of the firm
and the current price of its shares.

Economists have proved this value-maximization principle with great rigor and general-
ity. After you have absorbed this chapter, take a look at its Appendix, which contains a
further example. The example, though simple, illustrates how the principle of value maxi-
mization follows from formal economic reasoning.

We have suggested that shareholders want to be richer rather than poorer. But some-
times you hear managers speak as if shareholders have different goals. For example, manag-
ers may say that their job is to “maximize profits.” That sounds reasonable. After all, don’t
shareholders want their company to be profitable? But taken literally, profit maximization
is not a well-defined financial objective for at least two reasons:

1. Maximize profits? Which year’s profits? A corporation may be able to increase
current profits by cutting back on outlays for maintenance or staff training, but
those outlays may have added long-term value. Shareholders will not welcome higher
short-term profits if long-term profits are damaged.

2. A company may be able to increase future profits by cutting this year’s dividend and
investing the freed-up cash in the firm. That is not in the shareholders’ best interest if
the company earns less than the opportunity cost of capital.

Should Managers Look After the Interests of Their Shareholders?

We have described managers as the agent of shareholders, who want them to maximize
their wealth. But perhaps this begs the question, Is it desirable for managers to act in
the selfish interests of their shareholders? Does a focus on enriching the shareholders
mean that managers must act as greedy mercenaries riding roughshod over the weak and
helpless?

Most of this book is devoted to financial policies that increase value. None of these poli-
cies requires gallops over the weak and helpless. In most instances, there is little conflict
between doing well (maximizing value) and doing good. Profitable firms are those with
satisfied customers and loyal employees; firms with dissatisfied customers and a disgruntled
workforce will probably end up with declining profits and a low stock price.

Most established corporations can add value by building long-term relationships with
their customers and establishing a reputation for fair dealing and financial integrity. When
something happens to undermine that reputation, the costs can be enormous. Here is an
example.

The Market-Timing Scandal In 2003 the mutual fund industry confronted a market-timing
scandal. Market timing exploits the fact that stock markets in different parts of the world
close at different times. For example, if there is a strong surge in U.S. stock prices while the
Japanese market is closed, it is likely that Japanese prices will increase when markets open in
Asia the next day. Traders who can buy mutual funds invested in Japanese stocks while their
prices are frozen will be able to make substantial profits. U.S. mutual funds were not sup-
posed to allow such trading, but some did. After it was disclosed that managers at Putnam
Investments had allowed market-timing trades for some of its investors, the company was
fined $100 million and obliged to pay $10 million in compensation. But the larger cost by
far was Putnam’s loss of reputation. When the scandal came to light, Putnam suffered huge
withdrawals of funds. Putnam mutual funds suffered outflows of $30 billion in just two
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months. If Putnam’s funds charged roughly 1% of invested assets as an annual management
fee (about the industry average), this loss of assets cost the company $300 million of revenue
per year.

When we say that the objective of the firm is to maximize shareholder wealth, we do not
mean that anything goes. The law deters managers from making blatantly dishonest decisions,
but most managers are not simply concerned with observing the letter of the law or with
keeping to written contracts. In business and finance, as in other day-to-day affairs, there are
unwritten rules of behavior. These rules make routine financial transactions feasible, because
each party to the transaction has to trust the other to keep to his or her side of the bargain.”

Of course trust is sometimes misplaced. Charlatans and swindlers are often able to hide
behind booming markets. It is only “when the tide goes out that you learn who’s been
swimming naked.”® The tide went out in 2008 and a number of frauds were exposed. One
notorious example was the Ponzi scheme run by the New York financier Bernard Madoff. ?
Individuals and institutions put about $65 billion in the scheme before it collapsed in 2008.
(It’s not clear what Madoff did with all this money, but much of it was apparently paid
out to early investors in the scheme to create an impression of superior investment per-
formance.) With hindsight, the investors should not have trusted Madoff or the financial
advisers who steered money to Madoff.

Madoff’s Ponzi scheme was (we hope) a once-in-a-lifetime event.!'® Most of the money
lost by investors in the crisis of ’08 was lost honestly. Few investors or investment managers
saw the crisis coming. When it arrived, there was little they could do to get out of the way.

Should Firms Be Managed for Shareholders or All Stakeholders?

It is often suggested that companies should be managed on behalf of all stakeholders, not just
shareholders. Other stakeholders include employees, customers, suppliers, and the com-
munities where the firm’s plants and offices are located.

Different countries take very different views on this question. In the U.S., U.K, and other
“Anglo-Saxon” economies, the idea of maximizing shareholder value is widely accepted as
the chief financial goal of the firm.

In other countries, workers’ interests are put forward much more strongly. In Germany,
for example, workers in large companies have the right to elect up to half the directors to
the companies’ supervisory boards. As a result they have a significant role in the gover-
nance of the firm and less attention is paid to the shareholders.!! In Japan managers usually
put the interests of employees and customers on a par with, or even ahead of, the interests
of shareholders. For example, Toyota’s business philosophy is “to realize stable, long-term
growth by working hard to strike a balance between the requirements of people and society,
the global environment and the world economy . . . to grow with all of our stakeholders,
including our customers, shareholders, employees, and business partners.”!?

7 See L. Guiso, L. Zingales, and P. Sapienza, “Trusting the Stock Market,” Journal of Finance 63 (December 2008), pp. 2557-600.
The authors show that an individual’s lack of trust is a significant impediment to participation in the stock market. “Lack of trust”
means a subjective fear of being cheated.

8 The quotation is from Warren Buffett’s annual letter to the shareholders of Berkshire Hathaway, March 2008.

% Ponzi schemes are named after Charles Ponzi who founded an investment company in 1920 that promised investors unbelievably
high returns. He was soon deluged with funds from investors in New England, taking in $1 million during one three-hour period.
Ponzi invested only about $30 of the money that he raised, but used part of the cash provided by later investors to pay generous
dividends to the original investors. Within months the scheme collapsed and Ponzi started a five-year prison sentence.

10Ponzi schemes pop up frequently, but none has approached the scope and duration of Madoff’s.

"' The following quote from the German banker Carl Fiirstenberg (1850-1933) offers an extreme version of how shareholders were
once regarded by German managers: “Shareholders are stupid and impertinent—stupid because they give their money to somebody
else without any effective control over what the person is doing with it and impertinent because they ask for a dividend as a reward
for their stupidity.” Quoted by M. Hellwig, “On the Economics and Politics of Corporate Finance and Corporate Control,” in
Corporate Governance, ed. X. Vives (Cambridge, U.K.: Cambridge University Press, 2000), p. 109.

12 Toyota Annual Report, 2003, p. 10.

11—
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Figure 1.3 summarizes the results of interviews with executives from large companies in
five countries. Japanese, German, and French executives think that their firms should be run
for all stakeholders, while U.S. and U.K. executives say that shareholders come first. When
asked about the trade-off between job security and dividends, most U.S. and U.K. execu-
tives believe dividends should come first. By contrast, almost all Japanese executives and the
majority of German and French executives believe that job security should come first.

As capital markets have become more global, there has been greater pressure for com-
panies in all countries to adopt wealth creation for shareholders as a primary goal. Some
German companies, including Daimler and Deutsche Bank, have announced their primary
goal as wealth creation for shareholders. In Japan there has been less movement in this
direction. For example, the chairman of Toyota has suggested that it would be irresponsible
to pursue shareholders’ interests. On the other hand, the aggregate market value of Toyota’s
shares is significantly greater than the market values of GM’s and Ford’s. So perhaps there
is not too much conflict between these goals in practice.

1-4 | Agency Problems and Corporate Governance

We have emphasized the separation of ownership and control in public corporations. The
owners (shareholders) cannot control what the managers do, except indirectly through the
board of directors. This separation is necessary but also dangerous. You can see the dan-
gers. Managers may be tempted to buy sumptuous corporate jets or to schedule business
meetings at tony resorts. They may shy away from attractive but risky projects because they
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are worried more about the safety of their jobs than about maximizing shareholder value.
They may work just to maximize their own bonuses, and therefore redouble their efforts to
make and resell flawed subprime mortgages.

Conflicts between shareholders’ and managers’ objectives create agency problems. Agency
problems arise when agents work for principals. The shareholders are the principals; the
managers are their agents. Agency costs are incurred when (1) managers do not attempt to
maximize firm value and (2) shareholders incur costs to monitor the managers and con-
strain their actions.

Agency problems can sometimes lead to outrageous behavior. For example, when Dennis
Kozlowski, the CEO of Tyco, threw a $2 million 40th birthday bash for his wife, he charged
half of the cost to the company. This of course was an extreme conflict of interest, as well
as illegal. But more subtle and moderate agency problems arise whenever managers think
just a little less hard about spending money when it is not their own.

Pushing Subprime Mortgages: Value Maximization Run Amok,
or an Agency Problem?

The economic crisis of 2007-2009"? started as a subprime crisis. “Subprime” refers to mortgage
loans made to home buyers with weak credit. Some of these loans were made to naive buyers
who faced severe difficulties in making interest and principal payments. Some loans were made
to opportunistic buyers who were willing to gamble that real estate prices would keep increas-
ing. But real estate prices declined sharply, and many of these buyers were forced to default.

Why did many banks and mortgage companies make these loans in the first place? One
reason is that they could repackage the loans as mortgage-backed securities and sell them
at a profit to other banks and to institutional investors. (We cover mortgage-backed and
other asset-backed securities in Chapter 24.) It’s clear with hindsight that buyers of these
subprime mortgage-backed securities were in turn naive and paid too much. When hous-
ing prices fell and defaults increased in 2007, the prices of these securities fell drastically.
Merrill Lynch wrote off $50 billion of losses on mortgage-backed securities, and the com-
pany had to be sold under duress to Bank of America. Other major financial institutions,
such as Citigroup and Wachovia Bank, also recorded enormous losses.

There’s lots more to say about the subprime crisis, which we discuss further in Chapters
13 and 14. But for now just think about the banks and mortgage companies that originated
the subprime loans and made a profit by reselling them. With hindsight we see that they
were selling defective products that would generate painful losses for their customers. Were
these companies really pursuing value maximization? Perhaps they were trying to maximize
value and just made a disastrous misjudgment about the course of house prices. But we
think it is more likely that the companies were aware that a strategy of originating massive
amounts of subprime was likely to end badly. Washington Mutual, one of the most aggres-
sive players in the subprime market, quickly failed when the true risks of the subprime
loans were revealed. Washington Mutual’s shareholders would surely not have endorsed
the company’s strategy if they had understood it.

Although there is plenty of blame to pass around in the subprime crisis, some of it must
go to the managers who actually promoted and resold the subprime mortgages. Were they
acting in shareholders’ interests, or were they acting in their own interests, trying to squeeze
in one more, fat bonus before the game ended? We think that the managers would have
thought much harder about their actions if they had not had a short-term selfish interest in
promoting subprime mortgages. If so, the mess was largely an agency problem, not value max-
imization run amok. Agency problems occur when managers do nof act in shareholders’
interests, but in their own interests.

13We write this chapter in early 2009. We hope that the next edition of this book does 7ot refer to the financial crisis of 2007-2010
or 2007-2011.

13——
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Agency Problems Are Mitigated by Good Systems of Corporate Governance

We return to agency problems and to how the problems are mitigated in practice later
in the text. For example, Chapter 12 covers compensation schemes for top management,
which can be designed to help align managers’ and shareholders’ interests. For now we list
some of the characteristics of a good system of corporate governance, which ensures that
the shareholders’ pockets are close to the managers’ hearts.

Legal and Regulatory Requirements Managers have a legal duty to act responsibly and
in the interests of investors. For example, the U.S. Securities and Exchange Commission
(SEC) sets accounting and reporting standards for public companies to ensure consistency
and transparency. The SEC also prohibits insider trading, that is, the purchase or sale of
shares based on information that is not available to public investors.

Compensation Plans Managers are spurred on by incentive schemes that produce big
returns if shareholders gain but are valueless if they do not. For example, Larry Ellison,
CEO of the business software giant Oracle Corporation, received total compensation for
2007 estimated at between $60 and $70 million. Only a small fraction (a mere $1 million) of
that amount was salary. A larger amount, a bit more than $6 million, was bonus and incen-
tive pay, and the lion’s share was in the form of stock and option grants. Those options
will be worthless if Oracle’s share price falls below its 2007 level, but will be highly valu-
able if the price rises. Moreover, as founder of Oracle, Ellison holds over 1 Zillion shares in
the firm. No one can say for certain how hard Ellison would have worked with a different
compensation package. But one thing is clear: He has a huge personal stake in the success
of the firm—and in increasing its market value.

Board of Directors A company’s board of directors is elected by the shareholders and has
a duty to represent them. Boards of directors are sometimes portrayed as passive stooges
who always champion the incumbent management. But response to past corporate scandals
has tipped the balance toward greater independence. The Sarbanes-Oxley Act (commonly
known as “SOX”) requires that corporations place more independent directors on the
board, that is, more directors who are not managers or are not affiliated with management.
More than half of all directors are now independent. Boards also now meet in sessions with-
out the CEO present. In addition, institutional shareholders, particularly pension funds
and hedge funds, have become more active in monitoring firm performance and proposing
changes to corporate governance.

Not surprisingly, more chief executives have been forced out in recent years, among
them the CEOs of General Motors, Merrill Lynch, Starbucks, Yahoo!, AIG, Fannie Mae,
and Motorola. Boards outside the United States, which traditionally have been more
management-friendly, have also become more willing to replace underperforming manag-
ers. The list of recent departures includes the heads of Royal Bank of Scotland, UBS, PSA
Peugeot Citroen, Lenovo, Samsung, Old Mutual, and Swiss Re.

Monitoring The company’s directors are not the only ones to be scrutinizing manage-
ment’s actions. Managers are also monitored by security analysts, who advise investors to
buy, hold, or sell the company’s shares, and by banks, which keep an eagle eye on the safety
of their loans.

Takeovers Companies that consistently fail to maximize value are natural targets for take-
overs by another company or by corporate raiders. “Raiders” are private investment funds
that specialize in buying out and reforming poorly performing companies.

Takeovers are common in industries with slow growth and excess capacity. For example,
at the end of the Cold War in 1990, it was clear that the defense industry would have
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to shrink drastically. A wave of consolidating mergers followed. We cover takeovers in
Chapter 31 and buyouts in Chapter 32.

Shareholder Pressure If shareholders believe that the corporation is underperform-
ing and that the board of directors is not holding managers to task, they can attempt
to elect representatives to the board to make their voices heard. For example, in 2008
billionaire shareholder activist Carl Icahn felt that the directors of Yahoo! were not
acting in shareholders’ interest when they rejected a bid from Microsoft. He therefore
invested $67 million in Yahoo! stock, and muscled himself and two like-minded friends
onto the Yahoo! board.

Disgruntled stockholders also take the “Wall Street Walk” by selling out and moving on
to other investments. The Wall Street Walk can send a powerful message. If enough share-
holders bail out, the stock price tumbles. This damages top management’s reputation and
compensation. A large part of top managers’ paychecks comes from stock options, which
pay off if the stock price rises but are worthless if the price falls below a stated threshold.
Thus a falling stock price has a direct impact on managers’ personal wealth. A rising stock
price is good for managers as well as stockholders.

We do not want to leave the impression that corporate life is a series of squabbles and
endless micromanagement. It isn’t, because practical corporate finance has evolved to rec-
oncile personal and corporate interests—to keep everyone working together to increase the
value of the whole pie, not merely the size of each person’s slice. Few managers at the top of
major U.S. corporations are lazy or inattentive to stockholders’ interests. On the contrary,
the pressure to perform can be intense.

We have given a brief overview of corporate governance in the U.S., U.K., and other
“Anglo-Saxon” economies. Governance works differently in other countries, but we will
not attempt a worldwide survey until Chapter 33. We will return to agency problems and
governance many times in intermediate chapters, however.

Corporations face two principal financial decisions. First, what investments should the
corporation make? Second, how should it pay for the investments? The first decision is the
investment decision; the second is the financing decision.

The stockholders who own the corporation want its managers to maximize its overall
value and the current price of its shares. The stockholders can all agree on the goal of value
maximization, so long as financial markets give them the flexibility to manage their own
savings and investment plans. Of course, the objective of wealth maximization does not
justify unethical behavior. Shareholders do not want the maximum possible stock price.
They want the maximum honest share price.

How can financial managers increase the value of the firm? Mostly by making good
investment decisions. Financing decisions can also add value, and they can surely destroy
value if you screw them up. But it’s usually the profitability of corporate investments that
separates value winners from the rest of the pack.

Investment decisions force a trade-off. The firm can either invest cash or return it to
shareholders, for example, as an extra dividend. When the firm invests cash rather than
paying it out, shareholders forgo the opportunity to invest it for themselves in financial
markets. The return that they are giving up is therefore called the opportunity cost of capi-
tal. If the firm’s investments can earn a return higher than the opportunity cost of capital,
shareholders cheer and stock price increases. If the firm invests at a return lower than the
opportunity cost of capital, shareholders boo and stock price falls.

SUMMARY
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Part One Value

PROBLEM SETS

Managers are not endowed with a special value-maximizing gene. They will consider
their own personal interests, which creates a potential conflict of interest with outside share-
holders. This conflict is called a principal-agent problem. Any loss of value that results is
called an agency cost.

Corporate governance helps to align managers’ and shareholders’ interests, so that man-
agers pay close attention to the value of the firm. For example, managers are appointed by,
and sometimes fired by, the board of directors, who are supposed to represent shareholders.
The managers are spurred on by incentive schemes, such as grants of stock options, which
pay off big only if the stock price increases. If the company performs poorly, it is more
likely to be taken over. The takeover typically brings in a fresh management team.

Remember the following three themes, for you will see them again and again throughout
this book:

1. Maximizing value.
2. The opportunity cost of capital.
3. The crucial importance of incentives and governance.

wmectm Select problems are available in McGraw-Hill Connect.
% Please see the preface for more information.
BASIC

1. Read the following passage: “Companies usually buy (2) assets. These include both
tangible assets such as (b) and intangible assets such as (c). To pay for these assets, they
sell (d) assets such as (¢). The decision about which assets to buy is usually termed the
(f) or (g) decision. The decision about how to raise the money is usually termed the
() decision.” Now fit each of the following terms into the most appropriate space: financing,
real, bonds, investment, executive airplanes, financial, capital budgeting, brand names.

2. Which of the following are real assets, and which are financial?
. A share of stock.
. A personal IOU.
. A trademark.
. A factory.

a
b
c
d
e. Undeveloped land.
f. The balance in the firm’s checking account.
g. An experienced and hardworking sales force.
h. A corporate bond.
3. Vocabulary test. Explain the differences between:
a. Real and financial assets.
b. Capital budgeting and financing decisions.
c. Closely held and public corporations.
d. Limited and unlimited liability.
4. Which of the following statements always apply to corporations?
a. Unlimited liability.
b. Limited life.
c. Ownership can be transferred without affecting operations.
d. Managers can be fired with no effect on ownership.
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Which of the following statements more accurately describe the treasurer than the
controller?

a. Responsible for investing the firm’s spare cash.
b. Responsible for arranging any issue of common stock.

c. Responsible for the company’s tax affairs.

INTERMEDIATE

6.

10.

11.
12.

In most large corporations, ownership and management are separated. What are the main
implications of this separation?

F&H Corp. continues to invest heavily in a declining industry. Here is an excerpt from a
recent speech by F&H’s CFO:

We at F&H have of course noted the complaints of a few spineless investors and
uninformed security analysts about the slow growth of profits and dividends. Unlike
those confirmed doubters, we have confidence in the long-run demand for mechanical
encabulators, despite competing digital products. We are therefore determined to invest
to maintain our share of the overall encabulator market. F&H has a rigorous CAPEX
approval process, and we are confident of returns around 8% on investment. That’s a far
better return than F&H earns on its cash holdings.

The CFO went on to explain that F&H invested excess cash in short-term U.S. government
securities, which are almost entirely risk-free but offered only a 4% rate of return.

a. Is a forecasted 8% return in the encabulator business necessarily better than a 4% safe
return on short-term U.S. government securities? Why or why not?

b. Is F&H’s opportunity cost of capital 4%? How in principle should the CFO determine
the cost of capital?

We can imagine the financial manager doing several things on behalf of the firm’s
stockholders. For example, the manager might:

a. Make shareholders as wealthy as possible by investing in real assets.

b. Modify the firm’s investment plan to help shareholders achieve a particular time pattern
of consumption.

c. Choose high- or low-risk assets to match shareholders’ risk preferences.
d. Help balance shareholders’ checkbooks.

But in well-functioning capital markets, shareholders will vote for only one of these goals.
Which one? Why?

Ms. Espinoza is retired and depends on her investments for her income. Mr. Liu is a young
executive who wants to save for the future. Both are stockholders in Scaled Composites,
LLC, which is building SpaceShipOne to take commercial passengers into space. This
investment’s payoff is many years away. Assume it has a positive NPV for Mr. Liu. Explain
why this investment also makes sense for Ms. Espinoza.

If a financial institution is caught up in a financial scandal, would you expect its value to
fall by more or less than the amount of any fines and settlement payments? Explain.

Why might one expect managers to act in shareholders’ interests? Give some reasons.

Many firms have devised defenses that make it more difficult or costly for other firms to
take them over. How might such defenses affect the firm’s agency problems? Are managers
of firms with formidable takeover defenses more or less likely to act in the shareholders’
interests rather than their own? What would you expect to happen to the share price when
management proposes to institute such defenses?
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Part One Value

APPENDIX ¢ = o

Foundations of the Net Present Value Rule

We have suggested that well-functioning financial markets allow different investors to agree on
the objective of maximizing value. This idea is sufficiently important that we need to pause and
examine it more carefully.

How Financial Markets Reconcile Preferences for Current vs. Future Consumption Suppose
that there are two possible investors with entirely different preferences. Think of A as an ant,
who wishes to save for the future, and of G as a grasshopper, who would prefer to spend all his
wealth on some ephemeral frolic, taking no heed of tomorrow. Suppose that each has a nest egg
of exactly $100,000 in cash. G chooses to spend all of it today, while A prefers to invest it in the
financial market. If the interest rate is 10%, A would then have 1.10 X $100,000 = $110,000 to
spend a year from now. Of course, there are many possible intermediate strategies. For example,
A or G could choose to split the difference, spending $50,000 now and putting the remaining
$50,000 to work at 10% to provide 1.10 X $50,000 = $55,000 next year. The entire range of
possibilities is shown by the green line in Figure 1A.1.

In our example, A used the financial market to postpone consumption. But the market can also
be used to bring consumption forward in time. Let’s illustrate by assuming that instead of having
cash on hand of $100,000, our two friends are due to receive $110,000 each at the end of the year.
In this case A will be happy to wait and spend the income when it arrives. G will prefer to borrow
against his future income and party it away today. With an interest rate of 10%, G can borrow and
spend $110,000/1.10 = $100,000. Thus the financial market provides a kind of time machine that
allows people to separate the timing of their income from that of their spending. Notice that with
an interest rate of 10%, A and G are equally happy with cash on hand of $100,000 or an income
of $110,000 at the end of the year. They do not care about the timing of the cash flow; they just
prefer the cash flow that has the highest value today ($100,000 in our example).

Investing in Real Assets In practice individuals are not limited to investing in financial mar-
kets; they may also acquire plant, machinery, and other real assets. For example, suppose that
A and G are offered the opportunity to invest their $100,000 in a new business that a friend is
founding. This will produce a one-off sure fire payment of $121,000 next year. A would clearly
be happy to invest in the business. It will provide her with $121,000 to spend at the end of the
year, rather than the $110,000 that she gets by investing her $100,000 in the financial market.
But what about G, who wants money now, not in one year’s time? He too is happy to invest, as
long as he can borrow against the future payoff of the investment project. At an interest rate of

Dollars next year

A

The green line shows the
possible spending patterns for
the ant and grasshopper if they
invest $100,000 in the capital
market. The maroon line
shows the possible spending
patterns if they invest in their
friend’s business. Both are
better off by investing in the
business as long as the grass-
hopper can borrow against the
future income.

$121,000
$110,000

{The ant consumes here

The grasshopper

/ consumes here

$100,000 $110,000

Dollars now
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10%, G can borrow $110,000 and so will have an extra $10,000 to spend today. Both A and G
are better off investing in their friend’s venture. The investment increases their wealth. It moves
them up from the green to the maroon line in Figure 1A.1.

A Crucial Assumption The key condition that allows A and G to agree to invest in the new ven-
ture is that both have access to a well-functioning, competitive capital market, in which they can
borrow and lend at the same rate. Whenever the corporation’s shareholders have equal access to
competitive capital markets, the goal of maximizing market value makes sense.

It is easy to see how this rule would be damaged if we did 7ot have such a well-functioning
capital market. For example, suppose that G could not easily borrow against future income. In
that case he might well prefer to spend his cash today rather than invest it in the new venture.
If A and G were shareholders in the same enterprise, A would be happy for the firm to invest,
while G would be clamoring for higher current dividends.

No one believes unreservedly that capital markets function perfectly. Later in this book we
discuss several cases in which differences in taxation, transaction costs, and other imperfections
must be taken into account in financial decision making. However, we also discuss research
indicating that, in general, capital markets function fairly well. In this case maximizing share-
holder value is a sensible corporate objective. But for now, having glimpsed the problems of
imperfect markets, we shall, like an economist in a shipwreck, simply assume our life jacket and
swim safely to shore.

QUESTIONS

1. Look back to the numerical example graphed in Figure 1A.1. Suppose the interest rate is
20%. What would the ant (A) and grasshopper (G) do if they both start with $100,000?
Would they invest in their friend’s business? Would they borrow or lend? How much and
when would each consume?

2. Answer this question by drawing graphs like Figure 1A.1. Casper Milktoast has $200,000
available to support consumption in periods 0 (now) and 1 (next year). He wants to con-
sume exactly the same amount in each period. The interest rate is 8%. There is no risk.

a. How much should he invest, and how much can he consume in each period?

b. Suppose Casper is given an opportunity to invest up to $200,000 at 10% risk-free. The
interest rate stays at 8%. What should he do, and how much can he consume in each
period?
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CHAPTER

D A corporation’s shareholders want maximum
value and the maximum honest share price. To reach
this goal, the company needs to invest in real assets
that are worth more than they cost. In this chapter we
take the first steps toward understanding how assets
are valued and capital investments are made.

There are a few cases in which it is not that difficult
to estimate asset values. In real estate, for example,
you can hire a professional appraiser to do it for you.
Suppose you own a warehouse. The odds are that
your appraiser’s estimate of its value will be within a
few percent of what the building would actually sell for.
After all, there is continuous activity in the real estate
market, and the appraiser’s stock-in-trade is knowledge
of the prices at which similar properties have recently
changed hands. Thus the problem of valuing real
estate is simplified by the existence of an active market
in which all kinds of properties are bought and sold.’
No formal theory of value is needed. We can take the
market’s word for it.

But we need to go deeper than that. First, it is important
to know how asset values are reached in an active
market. Even if you can take the appraiser’s word for it, it
is important to understand why that warehouse is worth,
say, $2 million and not a higher or lower figure. Second,
the market for most corporate assets is pretty thin. Look in
the classified advertisements in The Wall Street Journal: it
is not often that you see a blast furnace for sale.

Companies are always searching for assets that are
worth more to them than to others. That warehouse is
worth more to you if you can manage it better than others

! Needless to say, there are some properties that appraisers find nearly impos-
sible to value—for example, nobody knows the potential selling price of the
Taj Mahal, the Parthenon, or Windsor Castle.

How to Calculate

Present Values

can. But in that case, the price of similar buildings may
not tell you what the warehouse is worth under your
management. You need to know how asset values are
determined.

In the first section of this chapter we work through a
simple numerical example: Should you invest in a new
office building in the hope of selling it at a profit next
year? You should do so if net present value is positive,
that is, if the new building’s value today exceeds the
investment that is required. A positive net present
value implies that the rate of return on your investment
is higher than your opportunity cost of capital, that is,
higher than you could earn by investing in financial
markets.

Next we introduce shortcut formulas for calculating
present values. We show how to value an investment
that delivers a steady stream of cash flows forever
(a perpetuity) and one that produces a steady stream
for a limited period (an annuity). We also look at
investments that produce growing cash flows. We
illustrate the formulas by applications to some personal
financial decisions.

The term interest rate sounds straightforward enough,
but rates can be quoted in various ways. We conclude
the chapter by explaining the difference between the
quoted rate and the true or effective interest rate.

By then you will deserve some payoff for the mental
investment you have made in learning how to calculate
present values. Therefore, in the next two chapters we
try out these new tools on bonds and stocks. After that
we tackle capital investment decisions at a practical
level of detail.

For simplicity, every problem in this chapter is set
out in dollars, but the concepts and calculations are
identical in euros, yen, or any other currency.

20
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2-1  Future Values and Present Values

Calculating Future Values

Money can be invested to earn interest. So, if you are offered the choice between $100
today and $100 next year, you naturally take the money now to get a year’s interest. Finan-
cial managers make the same point when they say that money has a time value or when they
quote the most basic principle of finance: a dollar today is worth more than a dollar tomorrow.

Suppose you invest $100 in a bank account that pays interest of = 7% a year. In the
first year you will earn interest of .07 X $100 = $7 and the value of your investment will
grow to $107:

Value of investment after 1 year = $100 X (1 +r) =100 X 1.07 = $107

By investing, you give up the opportunity to spend $100 today and you gain the chance to
spend $107 next year.

If you leave your money in the bank for a second year, you earn interest of
.07 X $107 = $7.49 and your investment will grow to $114.49:

Value of investment after 2 years = $107 X 1.07 = $100 X 1.07> = $114.49

$100 x 1.07? $114.49

Notice that in the second year you earn interest on both your initial investment ($100) and
the previous year’s interest ($7). Thus your wealth grows at a compound rate and the interest
that you earn is called compound interest.

If you invest your $100 for ¢ years, your investment will continue to grow at a 7% com-
pound rate to $100 X (1.07)". For any interest rate r, the future value of your $100 invest-
ment will be

Future value of $100 = $100 X (1 + )’

The higher the interest rate, the faster your savings will grow. Figure 2.1 shows that a
few percentage points added to the interest rate can do wonders for your future wealth. For
example, by the end of 20 years $100 invested at 10% will grow to $100 X (1.10)%° = $672.75.
If it is invested at 5%, it will grow to only $100 X (1.05)%° = $265.33.

© 500 D FIGURE 2.1
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D FIGURE 2.2

Present value of a future
cash flow of $100.
Notice that the longer
you have to wait for your
money, the less it is
worth today.

Calculating Present Values

We have seen that $100 invested for two years at 7% will grow to a future value of
100 X 1.07% = $114.49. Let’s turn this around and ask how much you need to invest today
to produce $114.49 at the end of the second year. In other words, what is the present value
(PV) of the $114.49 payoff?

You already know that the answer is $100. But, if you didn’t know or you forgot, you
can just run the future value calculation in reverse and divide the future payoff by (1.07)*:

$114.49
(1.07)?

Present value = PV = = $100

$100 +1.07? $114.49

In general, suppose that you will receive a cash flow of C, dollars at the end of year . The
present value of this future payment is

Present value = PV =

You sometimes see this present value formula written differently. Instead of dividing the
future payment by (1 + 7), you can equally well multiply the payment by 1/(1 + 7). The
expression 1/(1 + 7)" is called the discount factor. It measures the present value of one dol-
lar received in year £. For example, with an interest rate of 7% the two-year discount factor
is

DF, = 1/(1.07)* = .8734

Investors are willing to pay $.8734 today for delivery of $1 at the end of two years. If each
dollar received in year 2 is worth $.8734 today, then the present value of your payment of
$114.49 in year 2 must be

Present value = DF, X C, = .8734 X 114.49 = $100

110
100
90 —
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40 —
30 —
20 —
10 —

r=0%
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The longer you have to wait for your money, the lower its present value. This is illustrated
in Figure 2.2. Notice how small variations in the interest rate can have a powerful effect
on the present value of distant cash flows. At an interest rate of 5%, a payment of $100 in
year 20 is worth $37.69 today. If the interest rate increases to 10%, the value of the future
payment falls by about 60% to $14.86.

Calculating the Present Value of an Investment Opportunity

How do you decide whether an investment opportunity is worth undertaking? Suppose
you own a small company that is contemplating construction of an office block. The total
cost of buying the land and constructing the building is $370,000, but your real estate
adviser forecasts a shortage of office space a year from now and predicts that you will be
able sell the building for $420,000. For simplicity, we will assume that this $420,000 is a
sure thing.

You should go ahead with the project if the present value (PV) of the cash inflows is
greater than the $370,000 investment. Suppose that the rate of interest on U.S. government
securities is 7 = 5% per year. Then, the present value of your office building is:

420,000
1.05

The rate of return 7 is called the discount rate, hurdle rate, or opportunity cost of
capital. It is an opportunity cost because it is the return that is foregone by investing in the
project rather than investing in financial markets. In our example the opportunity cost is
5%, because you could earn a safe 5% by investing in U.S. government securities. Present
value was found by discounting the future cash flows by this opportunity cost.

Suppose that as soon as you have bought the land and paid for the construction, you
decide to sell your project. How much could you sell it for? That is an easy question. If
the venture will return a surefire $420,000, then your property ought to be worth its PV of
$400,000 today. That is what investors would need to pay to get the same future payoff. If
you tried to sell it for more than $400,000, there would be no takers, because the property
would then offer an expected rate of return lower than the 5% available on government
securities. Of course, you could always sell your property for less, but why sell for less than
the market will bear? The $400,000 present value is the only feasible price that satisfies both
buyer and seller. Therefore, the present value of the property is also its market price.

PV = = $400,000

Net Present Value

The office building is worth $400,000 today, but that does not mean you are $400,000 bet-
ter off. You invested $370,000, so the net present value (NPV) is $30,000. Net present value
equals present value minus the required investment:

NPV = PV — investment = 400,000 — 370,000 = $30,000

In other words, your office development is worth more than it costs. It makes a #et contri-
bution to value and increases your wealth. The formula for calculating the NPV of your
project can be written as:

NPV =C, + C/(1 + 1)

Remember that Cj, the cash flow at time 0 (that is, today) is usually a negative num-
ber. In other words, Cj is an investment and therefore a cash outflow. In our example,
Co = —$370,000.

When cash flows occur at different points in time, it is often helpful to draw a time line
showing the date and value of each cash flow. Figure 2.3 shows a time line for your office devel-
opment. It sets out the present value calculations assuming that the discount rate 7 is 5%.

23—
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Risk and Present Value
D FIGURE 2.3 +$420,000 o o
Calculation Showing We made one unreahstlc assumptlon mn
the NPV of the office our discussion of the office develop-
development. ment: Your real estate adviser cannot

be certain about the profitability of an
office building. Those future cash flows

0 1 Ye
: ear represent the best forecast, but they are
¢ : not a sure thing.
Present value : If the cash flows are uncertain, your
e — HETLT : calculation of NPV is wrong. Investors
4 $420,000/1.05 = + $400,000 ¢ - - could achieve those cash flows with cer-

tainty by buying $400,000 worth of U.S.

+ $30,000 government securities, so they would not
buy your building for that amount. You
would have to cut your asking price to
attract investors’ interest.

Here we can invoke a second basic financial principle: a safe dollar is worth more than a
risky dollar. Most investors avoid risk when they can do so without sacrificing return. How-
ever, the concepts of present value and the opportunity cost of capital still make sense for
risky investments. It is still proper to discount the payoft by the rate of return offered by a
risk-equivalent investment in financial markets. But we have to think of expected payofts and
the expected rates of return on other investments.?

Not all investments are equally risky. The office development is more risky than a gov-
ernment security but less risky than a start-up biotech venture. Suppose you believe the
project is as risky as investment in the stock market and that stocks offer a 12% expected
return. Then 12% is the opportunity cost of capital. That is what you are giving up by
investing in the office building and 7ot investing in equally risky securities.

Now recompute NPV with r = .12:

Total = NPV

420,000

PV = L2 = $375,000

NPV =PV - 370,000 = $5,000

The office building still makes a net contribution to value, but the increase in your wealth
is smaller than in our first calculation, which assumed that the cash flows from the project
were risk-free.

The value of the office building depends, therefore, on the timing of the cash flows and
their risk. The $420,000 payoff would be worth just that if you could get it today. If the
office building is as risk-free as government securities, the delay in the cash flow reduces
value by $20,000 to $400,000. If the building is as risky as investment in the stock market,
then the risk further reduces value by $25,000 to $375,000.

Unfortunately, adjusting asset values for both time and risk is often more compli-
cated than our example suggests. Therefore, we take the two effects separately. For the
most part, we dodge the problem of risk in Chapters 2 through 6, either by treating
all cash flows as if they were known with certainty or by talking about expected cash

2We define “expected” more carefully in Chapter 9. For now think of expected payoff as a realistic forecast, neither optimistic nor
pessimistic. Forecasts of expected payoffs are correct on average.
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flows and expected rates of return without worrying how risk is defined or measured.
Then in Chapter 7 we turn to the problem of understanding how financial markets
cope with risk.

Present Values and Rates of Return

We have decided that constructing the office building is a smart thing to do, since it is
worth more than it costs. To discover how much it is worth, we asked how much you would
need to invest directly in securities to achieve the same payoff. That is why we discounted
the project’s future payoff by the rate of return offered by these equivalent-risk securities—
the overall stock market in our example.

We can state our decision rule in another way: your real estate venture is worth under-
taking because its rate of return exceeds the opportunity cost of capital. The rate of return
is simply the profit as a proportion of the initial outlay:

profit 420,000 — 370,000
Ret = =.135 13.5%
S = i hvestment 370,000 - Or 0

The cost of capital is once again the return foregone by 7ot investing in financial markets.
If the office building is as risky as investing in the stock market, the return foregone is
12%. Since the 13.5% return on the office building exceeds the 12% opportunity cost, you
should go ahead with the project.

Here, then, we have two equivalent decision rules for capital investment:?

« Net present value rule. Accept investments that have positive net present values.

* Rate of return rule. Accept investments that offer rates of return in excess of their
opportunity costs of capital.*

Calculating Present Values When There Are Multiple Cash Flows

One of the nice things about present values is that they are all expressed in current dollars—so
you can add them up. In other words, the present value of cash flow (A + B) is equal to the
present value of cash flow A plus the present value of cash flow B.

Suppose that you wish to value a stream of cash flows extending over a number of years.
Our rule for adding present values tells us that the fotal present value is:

© , G & L, G
(1+7r)  (1+7r> (1473 (1+ )7

PV =
This is called the discounted cash flow (or DCF) formula. A shorthand way to write it is

PV = 21-}—r

where 2, refers to the sum of the series. To find the net present value (NPV) we add the (usu-
ally negative) initial cash flow:

NPV =(C, + PV = C+2 C.
0 0 t—l +7’)

3 You might check for yourself that these are equivalent rules. In other words, if the return of $50,000/$370,000 is greater than 7
then the net present value — $370,000 + [$420,000/(1 + 7)] must be greater than 0.

4The two rules can conflict when there are cash flows at more than two dates. We address this problem in Chapter 5.

25—
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SCVIHEAN @ Present Values with Multiple Cash Flows

D FIGURE 2.4

Calculation showing the
NPV of the revised office
project.

Your real estate adviser has come back with some revised forecasts. He suggests that you
rent out the building for two years at $20,000 a year, and predicts that at the end of that
time you will be able to sell the building for $400,000. Thus there are now two future cash
flows—a cash flow of C; = $20,000 at the end of one year and a further cash flow of C, =
(20,000 + 400,000) = $420,000 at the end of the second year.

The present value of your property development is equal to the present value of C;
plus the present value of C,. Figure 2.4 shows that the value of the first year’s cash flow
is Ci/(1 + r) = 20,000/1.12 = $17,900 and the value of the second year’s flow is C,/
(1 + 7)? = 420,000/1.12% = $334,800. Therefore our rule for adding present values tells us
that the fotal present value of your investment is

C C, 20,000 420,000

PV = + = +
1+r (147?112 1.122

= 17,900 + 334,800 = $352,700

Sorry, but your office building is now worth less than it costs. NPV is negative:
NPV = $352,700 — $370,000 = —$17,300

Perhaps you should revert to the original plan of selling in year 1.

+ $420,000
+ $20,000
0 1 2 Year

:

Present value

(year 0) - $370,000

+$20,000/1.12 = + $17,900 ~@---«------ :
+$420,000/1.122 = + $334,800 ~@ - cccccceeeeieiiiiiii, :
Total = NPV = - $17,300

Your two-period calculations in Example 2.1 required just a few keystrokes on a calcula-
tor. Real problems can be much more complicated, so financial managers usually turn to
financial calculators especially programmed for present value calculations or to computer
spreadsheet programs. A box near the end of the chapter introduces you to some useful
Excel functions that can be used to solve discounting problems. In addition, the Web site
for this book (www.mhhe.com/bma) contains appendixes to help get you started using
financial calculators and Excel spreadsheets. It also includes tables that can be used for a
variety of discounting problems.
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The Opportunity Cost of Capital

By investing in the office building you gave up the opportunity to earn an expected return
of 12% in the stock market. The opportunity cost of capital is therefore 12%. When you
discount the expected cash flows by the opportunity cost of capital, you are asking how
much investors in the financial markets are prepared to pay for a security that produces a
similar stream of future cash flows. Your calculations showed that investors would need
to pay only $352,700 for an investment that produces cash flows of $20,000 at year 1 and
$420,000 at year 2. Therefore, they won’t pay any more than that for your office building.

Confusion sometimes sneaks into discussions of the cost of capital. Suppose a banker
approaches. “Your company is a fine and safe business with few debts,” she says. “My bank
will lend you the $370,000 that you need for the office block at 8%.” Does this mean that
the cost of capital is 8%? If so, the project would be worth doing. At an 8% cost of capital,
PV would be 20,000/1.08 + 420,000/1.08” = $378,600 and NPV = $378,600 — $370,000
= + $8,600.

But that can’t be right. First, the interest rate on the loan has nothing to do with the risk of
the project: it reflects the good health of your existing business. Second, whether you take the
loan or not, you still face the choice between the office building and an equally risky invest-
ment in the stock market. The stock market investment could generate the same expected
payoft as your office building at a lower cost. A financial manager who borrows $370,000 at
8% and invests in an office building is not smart, but stupid, if the company or its sharehold-
ers can borrow at 8% and invest the money at an even higher return. That is why the 12%
expected return on the stock market is the opportunity cost of capital for your project.

2-2 | Looking for Shortcuts—Perpetuities and Annuities

How to Value Perpetuities

Sometimes there are shortcuts that make it easy to calculate present values. Let us look at
some examples.

On occasion, the British and the French have been known to disagree and sometimes
even to fight wars. At the end of some of these wars the British consolidated the debt they
had issued during the war. The securities issued in such cases were called consols. Consols
are perpetuities. These are bonds that the government is under no obligation to repay but
that offer a fixed income for each year to perpetuity. The British government is still paying
interest on consols issued all those years ago. The annual rate of return on a perpetuity is
equal to the promised annual payment divided by the present value:’

cash flow
Return = —————
present value
C
r=—
PV

5 You can check this by writing down the present value formula
C C C
ot +
I+r (1+7)? 1+
Now let C/(1 + 7) = aand 1/(1 + 7) = x. Then we have (1) PV = a(1 + x + 2% + - - ).
Multiplying both sides by x, we have (2) PVx = a(x + > + - - -).
Subtracting (2) from (1) gives us PV(1 — x) = a. Therefore, substituting for 2 and x,

1 C
PV |{1- =
( 1+ r) 1+ 7

Multiplying both sides by (1 + 7) and rearranging gives

PV=

b€
r
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We can obviously twist this around and find the present value of a perpetuity given the
discount rate r and the cash payment C:

pv =<
r

The year is 2030. You have been fabulously successful and are now a billionaire many
times over. It was fortunate indeed that you took that finance course all those years ago.
You have decided to follow in the footsteps of two of your heroes, Bill Gates and Warren
Buffet. Malaria is still a scourge and you want to help eradicate it and other infectious dis-
eases by endowing a foundation to combat these diseases. You aim to provide $1 billion a
year in perpetuity, starting next year. So, if the interest rate is 10%, you are going to have
to write a check today for

C 1 billi
Present value of perpetuity = L= “% = $10 billion

Two warnings about the perpetuity formula. First, at a quick glance you can easily con-
fuse the formula with the present value of a single payment. A payment of $1 at the end
of one year has a present value of 1/(1 + 7). The perpetuity has a value of 1/7. These are
quite different.

Second, the perpetuity formula tells us the value of a regular stream of payments starting
one period from now. Thus your $10 billion endowment would provide the foundation
with its first payment in one year’s time. If you also want to provide an up-front sum, you
will need to lay out an extra $1 billion.

Sometimes you may need to calculate the value of a perpetuity that does not start to
make payments for several years. For example, suppose that you decide to provide $1
billion a year with the first payment four years from now. We know that in year 3 this
endowment will be an ordinary perpetuity with payments starting in one year. So our
perpetuity formula tells us that in year 3 the endowment will be worth $1/r = 1/.1 = $10
billion. But it is not worth that much now. To find today’s value we need to multiply by
the three-year discount factor 1/(1 + 7)° = 1/(1.1)* = .751. Thus, the “delayed” perpetuity
is worth $10 billion X .751 = $7.51 billion. The full calculation is

1 1 1

1
V = $1 billion X — X = $1 billion X — X = $7.51 billi
P $1 billion ’ (1 7)3 $l billion 10 (110)3 $7 51 billion

How to Value Annuities

An annuity is an asset that pays a fixed sum each year for a specified number of years. The
equal-payment house mortgage or installment credit agreement are common examples of
annuities. So are interest payments on most bonds, as we see in the next chapter.

Figure 2.5 illustrates a simple trick for valuing annuities. It shows the payments and
values of three investments.

Row1 The investment in the first row provides a perpetual stream of $1 starting at the end
of the first year. We have already seen that this perpetuity has a present value of 1/7.

Row 2 Now look at the investment shown in the second row. It also provides a perpetual
stream of $1 payments, but these payments don’t start until year 4. This investment is iden-
tical to the delayed perpetuity that we have just valued. In year 3, the investment will be
an ordinary perpetuity with payments starting in one year and will be worth 1/7 in year 3.
Its value today is, therefore,

1

PV=—"0
(1 +7)



Chapter 2 How to Calculate Present Values 29 ——

Cash flow
Year: 1 2 3 4 5 6... Present value
1. Perpetuity A $1 $1 $1 $1 $1 $1...
2. Perpetuity B $1 $1 $1...
3. Three-year $1 $1 $1

annuity (1 - 2)

Row 3 The perpetuities in rows 1 and 2 both provide a cash flow from year 4 onward. The
only difference between the two investments is that the first one also provides a cash flow
in each of years 1 through 3. In other words, the difference between the two perpetuities is
an annuity of three years. Row 3 shows that the present value of this annuity is equal to the
value of the row 1 perpetuity less the value of the delayed perpetuity in row 2:°

PV of 3 i ! !

of 3-year annuity =~ — ————

Y v=g (1 +7)?
The general formula for the value of an annuity that pays $1 a year for each of ¢ years start-
ing in year 1 is:
b
(1 +7r)
This expression is generally known as the tyear annuity factor.” Remembering formulas
is about as difficult as remembering other people’s birthdays. But as long as you bear in

mind that an annuity is equivalent to the difference between an immediate and a delayed
perpetuity, you shouldn’t have any difficulty.

) 1
Present value of annuity = P

® Again we can work this out from first principles. We need to calculate the sum of the finite geometric series (1) PV = a(1 + x +
X4+, wherea = C/(1 + 1) and x = 1/(1 + 7.

Multiplying both sides by x, we have (2) PVx = a(x + &2 + - - - + &)

Subtracting (2) from (1) gives us PV(1 — x) = a(1 — ¥)).

Therefore, substituting for @ and x,
1 1 1
pv(1- - -
( 1+ r> C|:1+r (1+ r)'”:|

Multiplying both sides by (1 + 7) and rearranging gives

1 1
Pv= C|:7 - r(1+ r)’:|

7 Some people find the following equivalent formula more intuitive:

. 1 1
Present value of annuity = — |:17 7:|
r (14 7)
perpetuity $1 minus $1
formula starting starting at

nextyear ft+1

D FIGURE 2.5

An annuity that makes
payments in each of
years 1 through 3 is
equal to the differ-
ence between two
perpetuities.
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SN WA ® Costing an Installment Plan

D FIGURE 2.6

Calculations showing
the year-by-year present
value of the installment
payments.

Most installment plans call for level streams of payments. Suppose that Tiburon Autos
offers an “easy payment” scheme on a new Toyota of $5,000 a year, paid at the end of each
of the next five years, with no cash down. What is the car really costing you?

First let us do the calculations the slow way, to show that, if the interest rate is 7%, the pres-
ent value of these payments is $20,501. The time line in Figure 2.6 shows the value of each
cash flow and the total present value. The annuity formula, however, is generally quicker:

1 1

PV = L E—
5’000[.07 07(1.07)

:| = 5,000 X 4.100 = $20,501

$5,000 $5,000 $5,000 $5,000 $5,000

S S S S

0 1 2 3 4 5  Year

Present value :

(year 0) V

$5,000/1.07 = $4,673 —=-- :

$5,000/1.072 = $4,367 < ------v-e-- : :

$5,000/1.070 = $4,081 ~ec-vveeeiiieeaiii.s : :

$5,000/1.074 = $3,814 - vvrrrreaiii : :

$5,000/1.075 =  $3,565 - cnrronne e :

Total = PV = $20,501

o000 0

S|P R @ Winning Big at the Lottery

When 13 lucky machinists from Ohio pooled their money to buy Powerball lottery tickets,
they won a record $295.7 million. (A fourteenth member of the group pulled out at the
last minute to put in his own numbers.) We suspect that the winners received unsolicited
congratulations, good wishes, and requests for money from dozens of more or less worthy
charities. In response, they could fairly point out that the prize wasn’t really worth $295.7
million. That sum was to be repaid in 25 annual installments of $11.828 million each.
Assuming that the first payment occurred at the end of one year, what was the present value
of the prize? The interest rate at the time was 5.9%.

These payments constitute a 25-year annuity. To value this annuity we simply multiply
$11.828 million by the 25-year annuity factor:

PV = 11.828 X 25-year annuity factor

1 1
=11.828 X| — ———=
|:r (1 +r)25J
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At an interest rate of 5.9%, the annuity factor is

1 1
_ =12.9057
[.059 .059(1.059)25}

The present value of the cash payments is $11.828 X 12.9057 = $152.6 million, much
below the well-trumpeted prize, but still not a bad day’s haul.

Lottery operators generally make arrangements for winners with big spending plans
to take an equivalent lump sum. In our example the winners could either take the $295.7
million spread over 25 years or receive $152.6 million up front. Both arrangements had
the same present value.

PV Annuities Due

When we used the annuity formula to value the Powerball lottery prize in Example 2.3,
we presupposed that the first payment was made at the end of one year. In fact, the first
of the 25 yearly payments was made immediately. How does this change the value of the
prize?

If we discount each cash flow by one less year, the present value is increased by the
multiple (1 + 7). In the case of the lottery prize the value becomes 152.6 X (1 + 7) =
152.6 X 1.059 = $161.6 million.

A level stream of payments starting immediately is called an annuity due. An annuity
due is worth (1 + 7) times the value of an ordinary annuity.

Calculating Annual Payments

Annuity problems can be confusing on first acquaintance, but you will find that with prac-
tice they are generally straightforward. In Example 2.4, you will need to use the annuity
formula to find the amount of the payment given the present value.

2\ ZNH 0 @ Finding Mortgage Payments

Suppose that you take out a $250,000 house mortgage from your local savings bank. The
bank requires you to repay the mortgage in equal annual installments over the next 30 years.
It must therefore set the annual payments so that they have a present value of $250,000.
Thus,

PV = mortgage payment X 30-year annuity factor = $250,000
Mortgage payment = $250,000/30-year annuity factor

Suppose that the interest rate is 12% a year. Then

. 1 1
30-year annuity factor = |:12 - 12(112)30:| = 8.055

and

Mortgage payment = 250,000/8.055 = $31,037

3M—-
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The mortgage loan is an example of an amortizing loan. “Amortizing” means that part of the
regular payment is used to pay interest on the loan and part is used to reduce the amount
of the loan.

Table 2.1 illustrates another amortizing loan. This time it is a four-year loan of $1,000
with an interest rate of 10% and annual payments. The annual payment needed to repay the
loan is $315.47. In other words, $1,000 divided by the four-year annuity factor is $315.47.
At the end of the first year, the interest charge is 10% of $1,000, or $100. So $100 of the
first payment is absorbed by interest, and the remaining $215.47 is used to reduce (or
“amortize”) the loan balance to $784.53.

Next year, the outstanding balance is lower, so the interest charge is only $78.45. There-
fore $315.47 — 78.45 = $237.02 can be applied to amortization. Because the loan is pro-
gressively paid off, the fraction of each payment devoted to interest steadily falls over time,
while the fraction used to reduce the loan increases. By the end of year 4 the amortization
is just enough to reduce the balance of the loan to zero.

Beginning- Year-end Interest Total Year-end  Amortization End-of-Year
Year  of-Year Balance on Balance Payment of Loan Balance
1 $1,000.00 $100.00 $315.47 $215.47 $784.53
2 784.53 78.45 315.47 237.02 547.51
3 547.51 54.75 315.47 260.72 286.79
4 286.79 28.68 315.47 286.79 0

D TABLE 2.1 An example of an amortizing loan. If you borrow $1,000 at an interest rate of 10%, you
would need to make an annual payment of $315.47 over four years to repay that loan with interest.

Future Value of an Annuity

Sometimes you need to calculate the future value of a level stream of payments.

S|P N @ Saving to Buy a Sailboat

Perhaps your ambition is to buy a sailboat; something like a 40-foot Beneteau would fit the
bill very well. But that means some serious saving. You estimate that, once you start work,
you could save $20,000 a year out of your income and earn a return of 8% on these savings.
How much will you be able to spend after five years?

We are looking here at a level stream of cash flows—an annuity. We have seen that there
is a shortcut formula to calculate the present value of an annuity. So there ought to be a
similar formula for calculating the future value of a level stream of cash flows.

Think first how much your savings are worth today. You will set aside $20,000 in
each of the next five years. The present value of this five-year annuity is therefore
equal to

PV = $20,000 X 5-year annuity factor

1 1
=3%$20,000 X | — ————=< | = $79,854
$ [og .08(1.08)5i| $
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Now think how much you would have after five years if you invested $79,854 today. Sim-
ple! Just multiply by (1.08)°:

Value at end of year 5 = $79,854 X 1.08° = $117,332
You should be able to buy yourself a nice boat for $117,000.

In Example 2.5 we calculated the future value of an annuity by first calculating its pres-
ent value and then multiplying by (1 + r)". The general formula for the future value of a
level stream of cash flows of $1 a year for ¢ years is, therefore,

Future value of annuity = present value of annuity of $1 a year X (1 + r)’

:|:1_1t:|x(1+r)t:(l+r)[_l

r

2-3 ' More Shortcuts—Growing Perpetuities and Annuities

Growing Perpetuities

You now know how to value level streams of cash flows, but you often need to value a stream
of cash flows that grows at a constant rate. For example, think back to your plans to donate
$10 billion to fight malaria and other infectious diseases. Unfortunately, you made no allow-
ance for the growth in salaries and other costs, which will probably average about 4% a year
starting in year 1. Therefore, instead of providing $1 billion a year in perpetuity, you must
provide $1 billion in year 1, 1.04 X $1 billion in year 2, and so on. If we call the growth rate
in costs g we can write down the present value of this stream of cash flows as follows:

G G, &

= + + +
1+r (1+7)* (1+7)°

_ G C(l+g C(1+g)
L+r (1 +7)? (1+7)

PV

Fortunately, there is a simple formula for the sum of this geometric series.® If we assume
that 7 is greater than g our clumsy-looking calculation simplifies to

. . G
Present value of growing perpetuity = Py
Therefore, if you want to provide a perpetual stream of income that keeps pace with the
growth rate in costs, the amount that you must set aside today is

Cy  $1 billion
r—g .10 —.04
You will meet this perpetual-growth formula again in Chapter 4, where we use it to value
the stock of mature, slowly growing companies.

PV =

= $16.667 billion

8 We need to calculate the sum of an infinite geometric series PV = a(1 + x + 2 + - - -) where a = C;/(1 + r)and x = (1 + g)/
(1 + 7). In footnote 5 we showed that the sum of such a series is @/(1 — x). Substituting for « and x in this formula,
G
PV =—"
r—g
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Growing Annuities

You are contemplating membership in the St. Swithin’s and Ancient Golf Club. The annual
membership dues for the coming year are $5,000, but you can make a single payment of
$12,750, which will provide you with membership for the next three years. In each case
no payments are due until the end of the first year. Which is the better deal? The answer
depends on how rapidly membership fees are likely to increase over the three-year period.
For example, suppose that fees are payable at the end of each year and are expected to
increase by 6% per annum. The discount rate is 10%.

The problem is to calculate the value of a three-year stream of cash flows that grows
at the rate of ¢ = .06 each year. Of course, you could calculate each year’s cash flow and
discount it at 10%. The alternative is to employ the same trick that we used to find the
formula for an ordinary annuity. This is illustrated in Figure 2.7. The first row shows the
value of a perpetuity that produces a cash flow of $1 in year 1, $1 X (1 + g) in year 2, and
so on. It has a present value of

$1
(r—g)
The second row shows a similar growing perpetuity that produces its first cash flow of

$1 X (1 + g° in year 4. It will have a present value of $1 X (1 + g)*/(r — g) in year 3 and
therefore has a value today of

PV =

$1 (1+g)’
X
(r—-g (1+r)
The third row in the figure shows that the difference between the two sets of cash flows con-

sists of a three-year stream of cash flows beginning with $1 in year 1 and growing each year
at the rate of g. Its value is equal to the difference between our two growing perpetuities:

_ st st (g
(r—g) (—g ((A+7)

In our golf club example, the present value of the three annual membership dues would be:

PV =

PV

PV =[1/(.10 — .06) — (1.06)3/(.10 — .06)(1.10)*] X $5,000
=2.629 X $5,000 = $13,146

Cash flow

Year: 1 2 3 4 5 6... Present value

1. Growing
perpetuity A

2. Growing

perpetuity B

3. Growing
3-year annuity
(1-2)

D FIGURE 2.7

$1 $1x(1+g) $1x(1+g)? $1x(1+g)° $1x(1+g)* $1x(1+g)°...

$Ix(14gP $1x(1+g¢ $1x(1+gF... bl
(r-g)(1+n3

$1 $1x(1+g) $1x(1+g)> __(+gP

1
=9 (r-gi1+n?

A three-year stream of cash flows that grows at the rate g is equal to the difference between two growing perpetuities.
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Year: 0 1 2... P | t t+1... Present Value

Perpetuity 1 1... 1 1 1... 1
r

t-period 1 1.. 1 1 1 1
annuity r (14 7)
t-period 1 1 1.. 1 1 1
annuity due (1+ ’)<; - r(lﬂ)t)
Growing 1 Ix(+9) ... 1xd+972 Ix(A+g"" 1x(1+g' ... 1
perpetuity r—g
t-period 1 Ix(d+g9... 1x(+g 2% 1x(1+g' ! 1 1 (1+g)
growing rfg_r*g (1+7)
annuity

D TABLE 2.2  Some useful shortcut formulas.

If you can find the cash, you would be better off paying now for a three-year membership.
Too many formulas are bad for the digestion. So we will stop at this point and spare you
any more of them. The formulas discussed so far appear in Table 2.2.

2-4 How Interest Is Paid and Quoted

In our examples we have assumed that cash flows occur only at the end of each year. This
is sometimes the case. For example, in France and Germany the government pays interest
on its bonds annually. However, in the United States and Britain government bonds pay
interest semiannually. So if the interest rate on a U.S. government bond is quoted as 10%,
the investor in practice receives interest of 5% every six months.

If the first interest payment is made at the end of six months, you can earn an
additional six months’ interest on this payment. For example, if you invest $100 in a
bond that pays interest of 10% compounded semiannually, your wealth will grow to
1.05 X $100 = $105 by the end of six months and to 1.05 X $105 = $110.25 by the
end of the year. In other words, an interest rate of 10% compounded semiannually is
equivalent to 10.25% compounded annually. The ¢ffective annual interest rate on the bond

1s 10.25%.

Let’s take another example. Suppose a bank offers you an automobile loan at an annual
percentage rate, or APR, of 12% with interest to be paid monthly. This means that each
month you need to pay one-twelfth of the annual rate, that is, 12/12 = 1% a month. Thus
the bank is quoting a rate of 12%, but the effective annual interest rate on your loan is
1.01"2 — 1 = .1268, or 12.68%.’

Our examples illustrate that you need to distinguish between the guoted annual interest
rate and the ¢ffective annual rate. The quoted annual rate is usually calculated as the total

?In the U.S., truth-in-lending laws oblige the company to quote an APR that is calculated by multiplying the payment each period
by the number of payments in the year. APRs are calculated differently in other countries. For example, in the European Union

APRs must be expressed as annually compounded rates, so consumers know the effective interest rate that they are paying.
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annual payment divided by the number of payments in the year. When interest is paid
once a year, the quoted and effective rates are the same. When interest is paid more fre-
quently, the effective interest rate is higher than the quoted rate.

In general, if you invest $1 at a rate of 7 per year compounded » times a year, your
investment at the end of the year will be worth [1 +(7/m)]” and the effective interest rate
is [1 + (#/m)]” — 1. In our automobile loan example » = .12 and m = 12. So the effective
annual interest rate was [1 + .12/12]2 — 1 = .1268, or 12.68%.

Continuous Compounding

Instead of compounding interest monthly or semiannually, the rate could be compounded
weekly (m = 52) or daily (m = 365). In fact there is no limit to how frequently interest could
be paid. One can imagine a situation where the payments are spread evenly and continu-
ously throughout the year, so the interest rate is continuously compounded.!® In this case
m is infinite.

It turns out that there are many occasions in finance when continuous compounding
is useful. For example, one important application is in option pricing models, such as the
Black-Scholes model that we introduce in Chapter 21. These are continuous time models.
So you will find that most computer programs for calculating option values ask for the
continuously compounded interest rate.

[t may seem that a lot of calculations would be needed to find a continuously com-
pounded interest rate. However, think back to your high school algebra. You may recall
that as m approaches infinity [1 + (#/m)]” approaches (2.718)". The figure 2.718—or ¢, as it
is called—is the base for natural logarithms. Therefore, $1 invested at a continuously com-
pounded rate of r will grow to ¢ = (2.718)" by the end of the first year. By the end of ¢ years
it will grow to ¢* = (2.718)".

Example 1 Suppose you invest $1 at a continuously compounded rate of 11% (r = .11)
for one year (¢ = 1). The end-year value is ¢!!, or $1.116. In other words, investing at 11%
a year continuously compounded is exactly the same as investing at 11.6% a year annually
compounded.

Example 2 Suppose you invest $1 at a continuously compounded rate of 11% (r = .11)
for two years (¢ = 2). The final value of the investment is ¢/ = ¢?%, or $1.246.

Sometimes it may be more reasonable to assume that the cash flows from a project are
spread evenly over the year rather than occurring at the year’s end. It is easy to adapt our
previous formulas to handle this. For example, suppose that we wish to compute the pres-
ent value of a perpetuity of C dollars a year. We already know that if the payment is made
at the end of the year, we divide the payment by the annually compounded rate of 7:

o ©
,
If the same total payment is made in an even stream throughout the year, we use the same
formula but substitute the continuously compounded rate.

Example 3 Suppose the annually compounded rate is 18.5%. The present value of a $100
perpetuity, with each cash flow received at the end of the year, is 100/.185 = $540.54. If

10 When we talk about continunous payments, we are pretending that money can be dispensed in a continuous stream like water out
of a faucet. One can never quite do this. For example, instead of paying out $1 billion every year to combat malaria, you could
pay out about $1 million every 8% hours or $10,000 every 5% minutes or $10 every 3% seconds but you could not pay it out
continnously. Financial managers pretend that payments are continuous rather than hourly, daily, or weekly because (1) it simplifies
the calculations and (2) it gives a very close approximation to the NPV of frequent payments.



USEFUL SPREADSHEET FUNCTIONS

Discounting Cash Flows

D Spreadsheet programs such as Excel provide built-in
functions to solve discounted-cash-flow (DCF) prob-
lems. You can find these functions by pressing fx on
the Excel toolbar. If you then click on the function
that you wish to use, Excel asks you for the inputs that
it needs. At the bottom left of the function box there
is a Help facility with an example of how the function
is used.

Here is a list of useful functions for DCF problems
and some points to remember when entering data:

* FV: Future value of single investment or annuity.

* PV: Present value of single future cash flow or
annuity.

* RATE: Interest rate (or rate of return) needed to
produce given future value or annuity.

* NPER: Number of periods (e.g., years) that it
takes an investment to reach a given future value
or series of future cash flows.

* PMT: Amount of annuity payment with a given
present or future value.

* NPV: Calculates the value of a stream of negative
and positive cash flows. (When using this
function, note the warning below.)

* XNPV: Calculates the net present value of a series
of unequal cash flows at the date of the first cash
flow.

* EFFECT: The effective annual interest rate, given
the quoted rate (APR) and number of interest
payments in a year.
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* NOMINAL: The quoted interest rate (APR) given
the effective annual interest rate.

All the inputs in these functions can be entered directly
as numbers or as the addresses of cells that contain the
numbers. Three warnings:

1. PV is the amount that needs to be invested today
to produce a given future value. It should there-
fore be entered as a negative number. Entering
both PV and FV with the same sign when solving
for RATE results in an error message.

2. Always enter the interest or discount rate as a
decimal value.

3. Use the NPV function with care. It gives the value
of the cash flows one period Zefore the first cash
flow and not the value at the date of the first cash
flow.

SPREADSHEET QUESTIONS

The following questions provide opportunities to
practice each of the Excel functions.

2.1 (FV) In 1880 five aboriginal trackers were each
promised the equivalent of 100 Australian dol-
lars for helping to capture the notorious outlaw
Ned Kelly. One hundred and thirteen years
later the granddaughters of two of the trackers
claimed that this reward had not been paid. If
the interest rate over this period averaged about
4.5%, how much would the A$100 have accu-
mulated to?

2.2 (PV) Your company can lease a truck for $10,000
a year (paid at the end of the year) for six years,
or it can buy the truck today for $50,000. At
the end of the six years the truck will be worth-
less. If the interest rate is 6%, what is the pres-
ent value of the lease payments? Is the lease
worthwhile?

2.3 (RATE) Ford Motor stock was one of the victims
of the 2008 credit crisis. In June 2007, Ford stock
price stood at $9.42. Eighteen months later it was
$2.72. What was the annual rate of return over
this period to an investor in Ford stock?

2.4 (NPER) An investment adviser has promised to
double your money. If the interest rate is 7% a
year, how many years will she take to do so?
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2.5 (PMT) You need to take out a home mortgage for 2.7 (EFFECT) First National Bank pays 6.2% interest

$200,000. If payments are made annually over compounded annually. Second National Bank
30 years and the interest rate is 8%, what is the pays 6% interest compounded monthly. Which
amount of the annual payment? bank offers the higher effective annual interest
2.6 (XNPV) Your office building requires an initial rate?

cash outlay of $370,000. Suppose that you plan 2.8 (NOMINAL) What monthly compounded inter-
to rent it out for three years at $20,000 a year and est rate would Second National Bank need to pay
then sell it for $400,000. If the cost of capital is on savings deposits to provide an effective rate of
12%, what is its net present value? 6.2%?

the cash flow is received continuously, we must divide $100 by 17%, because 17% con-
tinuously compounded is equivalent to 18.5% annually compounded (¢!7 = 1.185). The
present value of the continuous cash flow stream is 100/.17 = $588.24. Investors are pre-
pared to pay more for the continuous cash payments because the cash starts to flow in
immediately.

For any other continuous payments, we can always use our formula for valuing annui-
ties. For instance, suppose that you have thought again about your donation and have
decided to fund a vaccination program in emerging countries, which will cost $1 billion a
year, starting immediately, and spread evenly over 20 years. Previously, we used the annu-
ally compounded rate of 10%; now we must use the continuously compounded rate of
r = 9.53% (¢%° = 1.10). To cover such an expenditure, then, you need to set aside the

following sum:!!

1 1 1
PV:C<_><H>
r r 4

SRS SV
0953 0953 ~ 6.727

= $1 billion < > = $1 billion X 8.932 = $8.932 billion

If you look back at our earlier discussion of annuities, you will notice that the present
value of $1 billion paid at the end of each of the 20 years was $8.514 billion. Therefore, it
costs you $418 million—or 5%—more to provide a continuous payment stream.

Often in finance we need only a ballpark estimate of present value. An error of 5% in
a present value calculation may be perfectly acceptable. In such cases it doesn’t usually
matter whether we assume that cash flows occur at the end of the year or in a continuous
stream. At other times precision matters, and we do need to worry about the exact fre-
quency of the cash flows.

" Remember that an annuity is simply the difference between a perpetuity received today and a perpetuity received in year ¢
A continuous stream of C dollars a year in perpetuity is worth C/7, where r is the continuously compounded rate. Our annuity,
then, is worth

C [
PV= — — present value of — received in year ¢
r r

Since 7 is the continuously compounded rate, C/r received in year ¢ is worth (C/r) X (1/¢") today. Our annuity formula is
therefore

sometimes written as



Chapter 2 How to Calculate Present Values

Firms can best help their shareholders by accepting all projects that are worth more than they
cost. In other words, they need to seek out projects with positive net present values. To find net
present value we first calculate present value. Just discount future cash flows by an appropriate
rate 7, usually called the discount rate, hurdle rate, or opportunity cost of capital:

G G G
+ S+ S+
(1+7) (142> (Q+7r)
Net present value is present value plus any immediate cash flow:

Net present value (NPV) = C, + PV

Present value (PV) =

Remember that Cj is negative if the immediate cash flow is an investment, that is, if it is a
cash outflow.

The discount rate 7 is determined by rates of return prevailing in capital markets. If the
future cash flow is absolutely safe, then the discount rate is the interest rate on safe securi-
ties such as U.S. government debt. If the future cash flow is uncertain, then the expected
cash flow should be discounted at the expected rate of return offered by equivalent-risk
securities. (We talk more about risk and the cost of capital in Chapters 7 to 9.)

Cash flows are discounted for two simple reasons: because (1) a dollar today is worth
more than a dollar tomorrow and (2) a safe dollar is worth more than a risky one. Formulas
for PV and NPV are numerical expressions of these ideas.

Financial markets, including the bond and stock markets, are the markets where safe
and risky future cash flows are traded and valued. That is why we look to rates of return
prevailing in the financial markets to determine how much to discount for time and risk.
By calculating the present value of an asset, we are estimating how much people will pay
for it if they have the alternative of investing in the capital markets.

You can always work out any present value using the basic formula, but shortcut for-
mulas can reduce the tedium. We showed how to value an investment that makes a level
stream of cash flows forever (a perpetuity) and one that produces a level stream for a lim-
ited period (an annuity). We also showed how to value investments that produce growing
streams of cash flows.

When someone offers to lend you a dollar at a quoted interest rate, you should always
check how frequently the interest is to be paid. For example, suppose that a $100 loan requires
six-month payments of $3. The total yearly interest payment is $6 and the interest will be
quoted as a rate of 6% compounded semiannually. The equivalent annually compounded rate
is (1.03)> — 1 = .061, or 6.1%. Sometimes it is convenient to assume that interest is paid
evenly over the year, so that interest is quoted as a continuously compounded rate.

wmectm Select problems are available in McGraw-Hill Connect.
% Please see the preface for more information.
BASIC

1. At an interest rate of 12%, the six-year discount factor is .507. How many dollars is $.507
worth in six years if invested at 12%?

2. Ifthe PV of $139 is $125, what is the discount factor?
If the cost of capital is 9%, what is the PV of $374 paid in year 9?

4. A project produces a cash flow of $432 in year 1, $137 in year 2, and $797 in year 3. If the
cost of capital is 15%, what is the project’s PV?

&5

5. Ifyou invest $100 at an interest rate of 15%, how much will you have at the end of eight years?

SUMMARY

PROBLEM SETS
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6. An investment costs $1,548 and pays $138 in perpetuity. If the interest rate is 9%, what is
the NPV?

7. A common stock will pay a cash dividend of $4 next year. After that, the dividends are
expected to increase indefinitely at 4% per year. If the discount rate is 14%, what is the PV
of the stream of dividend payments?

8. The interest rate is 10%.
a. What is the PV of an asset that pays $1 a year in perpetuity?

b. The value of an asset that appreciates at 10% per annum approximately doubles in
seven years. What is the approximate PV of an asset that pays $1 a year in perpetuity
beginning in year 8?

c. What is the approximate PV of an asset that pays $1 a year for each of the next seven years?

d. A piece of land produces an income that grows by 5% per annum. If the first year’s
income is $10,000, what is the value of the land?

9. a. The cost of a new automobile is $10,000. If the interest rate is 5%, how much would
you have to set aside now to provide this sum in five years?

b. You have to pay $12,000 a year in school fees at the end of each of the next six years. If
the interest rate is 8%, how much do you need to set aside today to cover these bills?

c. You have invested $60,476 at 8%. After paying the above school fees, how much would
remain at the end of the six years?

10. The continuously compounded interest rate is 12%.
a. You invest $1,000 at this rate. What is the investment worth after five years?
b. What is the PV of $5 million to be received in eight years?

c. What is the PV of a continuous stream of cash flows, amounting to $2,000 per year,
starting immediately and continuing for 15 years?

11. You are quoted an interest rate of 6% on an investment of $10 million. What is the value
of your investment after four years if interest is compounded:

a. Annually?
b. Monthly? or

c. Continuously?

INTERMEDIATE
12. What is the PV of $100 received in:
a. Year 10 (at a discount rate of 1%)?
Year 10 (at a discount rate of 13%)?
Year 15 (at a discount rate of 25%)?
Each of years 1 through 3 (at a discount rate of 12%)?
13. If the one-year discount factor is .905, what is the one-year interest rate?
If the two-year interest rate is 10.5%, what is the two-year discount factor?
Given these one- and two-year discount factors, calculate the two-year annuity factor.

If the PV of $10 a year for three years is $24.65, what is the three-year annuity factor?

& o TP o O

e. From your answers to (c) and (d), calculate the three-year discount factor.

14. A factory costs $800,000. You reckon that it will produce an inflow after operating costs
of $170,000 a year for 10 years. If the opportunity cost of capital is 14%, what is the net
present value of the factory? What will the factory be worth at the end of five years?

15. A machine costs $380,000 and is expected to produce the following cash flows:

exce’ Year 1 2 3 4 5 6 7 8 9 10
Visit t
waw.mbhe com/bma Cashflow (5000s) 50 57 75 80 8 92 92 80 68 50
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If the cost of capital is 12%, what is the machine’s NPV?
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Chapter 2 How to Calculate Present Values

Mike Polanski is 30 years of age and his salary next year will be $40,000. Mike forecasts

that his salary will increase at a steady rate of 5% per annum until his retirement at

age 60.

a. If the discount rate is 8%, what is the PV of these future salary payments?

b. If Mike saves 5% of his salary each year and invests these savings at an interest rate of
8%, how much will he have saved by age 60?

c. If Mike plans to spend these savings in even amounts over the subsequent 20 years, how
much can he spend each year?

A factory costs $400,000. It will produce an inflow after operating costs of $100,000 in
year 1, $200,000 in year 2, and $300,000 in year 3. The opportunity cost of capital is 12%.
Calculate the NPV.

Halcyon Lines is considering the purchase of a new bulk carrier for $8 million. The
forecasted revenues are $5 million a year and operating costs are $4 million. A major refit
costing $2 million will be required after both the fifth and tenth years. After 15 years, the
ship is expected to be sold for scrap at $1.5 million. If the discount rate is 8%, what is the

ship’s NPV?

As winner of a breakfast cereal competition, you can choose one of the following prizes:
$100,000 now.

$180,000 at the end of five years.

$11,400 a year forever.

$19,000 for each of 10 years.

$6,500 next year and increasing thereafter by 5% a year forever.

o 0 T o

If the interest rate is 12%, which is the most valuable prize?

Siegfried Basset is 65 years of age and has a life expectancy of 12 more years. He wishes to
invest $20,000 in an annuity that will make a level payment at the end of each year until
his death. If the interest rate is 8%, what income can Mr. Basset expect to receive each
year?

David and Helen Zhang are saving to buy a boat at the end of five years. If the boat costs
$20,000 and they can earn 10% a year on their savings, how much do they need to put
aside at the end of years 1 through 5?

Kangaroo Autos is offering free credit on a new $10,000 car. You pay $1,000 down and
then $300 a month for the next 30 months. Turtle Motors next door does not offer free
credit but will give you $1,000 off the list price. If the rate of interest is 10% a year, (about
.83% a month) which company is offering the better deal?

Recalculate the NPV of the office building venture in Section 2.1 at interest rates of 5, 10,
and 15%. Plot the points on a graph with NPV on the vertical axis and the discount rates
on the horizontal axis. At what discount rate (approximately) would the project have zero
NPV? Check your answer.

If the interest rate is 7%, what is the value of the following three investments?

a. An investment that offers you $100 a year in perpetuity with the payment at the end of
each year.

b. A similar investment with the payment at the beginning of each year.
c. A similar investment with the payment spread evenly over each year.

Refer back to Sections 2.2-2.4. If the rate of interest is 8% rather than 10%, how much
would you need to set aside to provide each of the following?

a. $1 billion at the end of each year in perpetuity.

b. A perpetuity that pays $1 billion at the end of the first year and that grows at 4% a
year.

c. $1 billion at the end of each year for 20 years.
d. $1 billion a year spread evenly over 20 years.

eXcel

www.mhhe.com/bma
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26. How much will you have at the end of 20 years if you invest $100 today at 15% annually
compounded? How much will you have if you invest at 15% continuously compounded?

27. You have just read an advertisement stating, “Pay us $100 a year for 10 years and we
will pay you $100 a year thereafter in perpetuity.” If this is a fair deal, what is the rate of
interest?

28. Which would you prefer?
a. An investment paying interest of 12% compounded annually.
b. An investment paying interest of 11.7% compounded semiannually.
¢. An investment paying 11.5% compounded continuously.
Work out the value of each of these investments after 1, 5, and 20 years.

29. A leasing contract calls for an immediate payment of $100,000 and nine subsequent
$100,000 semiannual payments at six-month intervals. What is the PV of these payments
if the annual discount rate is 8%?

exc e ’ 30. Several years ago The Wall Street Journal reported that the winner of the Massachusetts State
Nefor Lottery prize had the misfortune to be both bankrupt and in prison for fraud. The prize
W e com/bma was $9,420,713, to be paid in 19 equal annual installments. (There were 20 installments,

but the winner had already received the first payment.) The bankruptcy court judge ruled
that the prize should be sold off to the highest bidder and the proceeds used to pay off the
creditors.

a. If the interest rate was 8%, how much would you have been prepared to bid for the
prize?
b. Enhance Reinsurance Company was reported to have offered $4.2 million. Use Excel
to find the return that the company was looking for.
31. A mortgage requires you to pay $70,000 at the end of each of the next eight years. The
interest rate is 8%.

a. What is the present value of these payments?

b. Calculate for each year the loan balance that remains outstanding, the interest payment
on the loan, and the reduction in the loan balance.

32. You estimate that by the time you retire in 35 years, you will have accumulated savings
of $2 million. If the interest rate is 8% and you live 15 years after retirement, what annual
level of expenditure will those savings support?

Unfortunately, inflation will eat into the value of your retirement income. Assume a 4%
inflation rate and work out a spending program for your retirement that will allow you to
increase your expenditure in line with inflation.

33. The annually compounded discount rate is 5.5%. You are asked to calculate the present
value of a 12-year annuity with payments of $50,000 per year. Calculate PV for each of the
following cases.

a. The annuity payments arrive at one-year intervals. The first payment arrives one year
from now.

b. The first payment arrives in six months. Following payments arrive at one-year intervals
(i.e., at 18 months, 30 months, etc.).

34. Dear Financial Adviser,

My spouse and I are each 62 and hope to retire in three years. After retirement we will
receive $7,500 per month after taxes from our employers’ pension plans and $1,500 per
month after taxes from Social Security. Unfortunately our monthly living expenses are
$15,000. Our social obligations preclude further economies.

We have $1,000,000 invested in a high-grade, tax-free municipal-bond mutual fund.
The return on the fund is 3.5% per year. We plan to make annual withdrawals from the
mutual fund to cover the difference between our pension and Social Security income and
our living expenses. How many years before we run out of money?
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Sincerely,
Luxury Challenged
Marblehead, MA

You can assume that the withdrawals (one per year) will sit in a checking account (no
interest). The couple will use the account to cover the monthly shortfalls.

35. Your firm’s geologists have discovered a small oil field in New York’s Westchester County.
The field is forecasted to produce a cash flow of C; = $2 million in the first year. You
estimate that you could earn an expected return of » = 12% from investing in stocks with
a similar degree of risk to your oil field. Therefore, 12% is the opportunity cost of capital.

What is the present value? The answer, of course, depends on what happens to the cash

flows after the first year. Calculate present value for the following cases:

a. The cash flows are forecasted to continue forever, with no expected growth or
decline.

b. The cash flows are forecasted to continue for 20 years only, with no expected growth or
decline during that period.

c. The cash flows are forecasted to continue forever, increasing by 3% per year because of
inflation.

d. The cash flows are forecasted to continue for 20 years only, increasing by 3% per year
because of inflation.

CHALLENGE

36. Here are two useful rules of thumb. The “Rule of 72” says that with discrete compounding
the time it takes for an investment to double in value is roughly 72/interest rate (in percent).
The “Rule of 69” says that with continuous compounding the time that it takes to double
is exactly 69.3/interest rate (in percent).

a. If the annually compounded interest rate is 12%, use the Rule of 72 to calculate roughly
how long it takes before your money doubles. Now work it out exactly.

b. Can you prove the Rule of 69?

37. Use Excel to construct your own set of annuity tables showing the annuity factor for a exce’
selection of interest rates and years. Nefon
ISIt us al
38. You own an oil pipeline that will generate a $2 million cash return over the coming year. www.mhhe.com/bma
The pipeline’s operating costs are negligible, and it is expected to last for a very long time.
Unfortunately, the volume of oil shipped is declining, and cash flows are expected to
decline by 4% per year. The discount rate is 10%.
a. What is the PV of the pipeline’s cash flows if its cash flows are assumed to last
forever?
b. What is the PV of the cash flows if the pipeline is scrapped after 20 years?
[ J [ J [ J
There are dozens of Web sites that provide calculators to help with personal financial REAL-TIME
decisions. Two good examples are www.smartmoney.com and finance.yahoo.com. (Noze: DATA ANALYSIS

for both calculators the annual rate of interest is quoted as 12 times the monthly rate.)
1. Amortizing loans Suppose that you take out a 30-year mortgage loan of $200,000 at an
interest rate of 10%.
a. What is your total monthly payment?
b. How much of the first month’s payment goes to reduce the size of the loan?
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c. How much of the payment after two years goes to reduce the size of the loan?
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Part One Value

You can check your answers by logging on to the personal finance page of www.smartmoney.
com and using the mortgage calculator.

. Retirement planning You need to have accumulated savings of $2 million by the time that

you retire in 20 years. You currently have savings of $200,000. How much do you need
to save each year to meet your goal? Find the savings calculator on finance.yahoo.com to
check your answer.

. In 2006 the State of Indiana sold a 75-year concession to operate and maintain the

East-West Toll Road. Before doing so, it commissioned a consulting report that
estimated the value of the concession. You can access this report at www.in.gov/ifa/
files/TollRoadFinancialAnalysis.pdf. Download the spreadsheet of the forecasted cash
flows from the toll road from this book’s Web site at www.mhhe.com/bma to answer the
following questions. (Note: Cash flows are reported only for each 10-year block. Except
where more information is available, we have arbitrarily assumed cash flows are spread
evenly during those 10 years.)

a. Calculate the present value of the concession using a discount rate of 6%. (Note: Your
figure will differ slightly from that in the consultant’s report because we do not have
exact cash flow forecasts for each year.)

b. The consultant chose this discount rate because it was the interest rate that the state
paid on its bonds. Do you think that this was the correct criterion? Why or why not?

c. How does the value of the concession change if you use a higher discount rate?



CHAPTER

Valuing Bonds

D Investment in new piant and equipment requires
money—often a lot of money. Sometimes firms can
retain and accumulate earnings to cover the cost of
investment, but often they need to raise extra cash from
investors. If they choose not to sell additional shares of
common stock, the cash has to come from borrowing. If
cash is needed for only a short while, firms may borrow
from a bank. Ifthey need cash for long-term investments,
they generally issue bonds, which are simply long-term
loans.

Companies are not the only bond issuers.
Municipalities also raise money by selling bonds. So
do national governments. There is always some risk
that a company or municipality will not be able to come
up with the cash to repay its bonds, but investors in
government bonds can generally be confident that the
promised payments will be made in full and on time.

We start our analysis of the bond market by looking
at the valuation of government bonds and at the interest
rate that the government pays when it borrows. Do not
confuse this interest rate with the cost of capital for a
corporation. The projects that companies undertake are
almost invariably risky and investors demand higher
prospective returns from these projects than from safe
government bonds. (In Chapter 7 we start to look at
the additional returns that investors demand from risky
assets.)

The markets for government bonds are huge. At
the end of February 2009, investors held $6.6 trillion
of U.S. government securities, and U.S. government
agencies held $4.3 trillion more. The bond markets
are also sophisticated. Bond traders make massive
trades motivated by tiny price discrepancies. This
book is not for professional bond traders, but if you are

to be involved in managing the company’s debt, you
will have to get beyond the simple mechanics of bond
valuation. Financial managers need to understand the
bond pages in the financial press and know what bond
dealers mean when they quote spot rates or yields to
maturity. They realize why short-term rates are usually
lower (but sometimes higher) than long-term rates and
why the longest-term bond prices are most sensitive
to fluctuations in interest rates. They can distinguish
real (inflation-adjusted) interest rates and nominal
(money) rates and anticipate how future inflation can
affect interest rates. We cover all these topics in this
chapter.

Companies can't borrow at the same low interest
rates as governments. The interest rates on government
bonds are benchmarks for all interest rates, however.
When government interest rates go up or down,
corporate rates follow more or less proportionally.
Therefore, financial managers had better understand
how the government rates are determined and what
happens when they change.

Corporate bonds are more complex securities than
government bonds. A corporation may not be able to
come up with the money to pay its debts, so investors
have to worry about default risk. Corporate bonds are
also less liquid than government bonds: they are not as
easy to buy or sell, particularly in large quantities or on
short notice. Some corporate bonds give the borrower
an option to repay early; others can be exchanged for
the company’s common stock. All of these complications
affect the “spread” of corporate bond rates over interest
rates on government bonds of similar maturities.

This chapter only introduces corporate debt. We take
a more detailed look in Chapters 23 and 24.
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Part One Value

3-1 ' Using the Present Value Formula to Value Bonds

If you own a bond, you are entitled to a fixed set of cash payoffs. Every year until the
bond matures, you collect regular interest payments. At maturity, when you get the final
interest payment, you also get back the face value of the bond, which is called the bond’s
principal.

A Short Trip to Paris to Value a Government Bond

Why are we going to Paris, apart from the cafés, restaurants, and sophisticated nightlife?
Because we want to start with the simplest type of bond, one that makes payments just
once a year.

French government bonds, known as OATs (short for Obligations Assimilables du
Trésor), pay interest and principal in euros (€). Suppose that in December 2008 you decide
to buy €100 face value of the 8.5% OAT maturing in December 2012. Each December
until the bond matures you are entitled to an interest payment of .085 X 100 = €8.50. This
amount is the bond’s coupon.! When the bond matures in 2012, the government pays
you the final €8.50 interest, plus the principal payment of the €100 face value. Your first
coupon payment is in one year’s time, in December 2009. So the cash payments from the
bond are as follows:

Cash Payments (€)

2009 2010 2011 2012
€8.50 €8.50 €8.50 €108.50

What is the present value of these payments? It depends on the opportunity cost of
capital, which in this case equals the rate of return offered by other government debt issues
denominated in euros. In December 2008, other medium-term French government bonds
offered a return of about 3.0%. That is what you were giving up when you bought the 8.5%
OATs. Therefore, to value the 8.5% OATSs, you must discount the cash flows at 3.0%:

8.50  8.50 8.50  108.50

PV = + + + = €120.44
1.03  1.032 1.03*  1.03*

Bond prices are usually expressed as a percentage of face value. Thus the price of your 8.5%
OAT was quoted as 120.44%.

You may have noticed a shortcut way to value this bond. Your OAT amounts to a
package of two investments. The first investment gets the four annual coupon payments
of €8.50 each. The second gets the €100 face value at maturity. You can use the annuity
formula from Chapter 2 to value the coupon payments and then add on the present value
of the final payment.

PV(bond) = PV(annuity of coupon payments) + PV(final payment of principal)

= (coupon X 4-year annuity factor) + (final payment X discount factor)

1 1 100
=850 — — + =31.59 + 88.85 = €120.44
|:.03 .03(1.03)4:| (1.03)*

" Bonds used to come with coupons attached, which had to be clipped off and presented to the issuer to obtain the interest pay-
ments. This is still the case with bearer bonds, where the only evidence of indebtedness is the bond itself. In many parts of the world
bearer bonds are still issued and are popular with investors who would rather remain anonymous. The alternative is registered bonds,
where the identity of the bond’s owner is recorded and the coupon payments are sent automatically. OATs are registered bonds.
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Thus the bond can be valued as a package of an annuity (the coupon payments) and a
single, final payment (the repayment of principal).?

We just used the 3% interest rate to calculate the present value of the OAT. Now we turn
the valuation around: If the price of the OAT is 120.44%, what is the interest rate? What
return do investors get if they buy the bond? To answer this question, you need to find the
value of the variable y that solves the following equation:

850 850 . 850  108.50
I+y (1+p)? (1+3)P° (1+y)°

The rate of return y is called the bond’s yield to maturity. In this case, we already know that
the present value of the bond is €120.44 at a 3% discount rate, so the yield to maturity must
be 3.0%. If you buy the bond at 120.44% and hold it to maturity, you will earn a return of
3.0% per year.

Why is the yield to maturity less than the 8.5% coupon payment? Because you are pay-
ing €120.44 for a bond with a face value of only €100. You lose the difference of €20.44 if
you hold the bond to maturity. On the other hand, you get four annual cash payments of
€8.50. (The immediate, current yield on your investment is 8.50/120.44 = .071, or 7.1%.)
The yield to maturity blends the return from the coupon payments with the declining value
of the bond over its remaining life.

The only general procedure for calculating the yield to maturity is trial and error. You
guess at an interest rate and calculate the present value of the bond’s payments. If the pres-
ent value is greater than the actual price, your discount rate must have been too low, and
you need to try a higher rate. The more practical solution is to use a spreadsheet program
or a specially programmed calculator to calculate the yield. At the end of this chapter, you
will find a box which lists the Excel function for calculating yield to maturity plus several
other useful functions for bond analysts.

120.44 =

Back to the United States: Semiannual Coupons and Bond Prices

Just like the French government, the U.S. Treasury raises money by regular auctions of new
bond issues. Some of these issues do not mature for 20 or 30 years; others, known as nofes,
mature in 10 years or less. The Treasury also issues short-term debt maturing in a year or
less. These short-term securities are known as Treasury bills. Treasury bonds, notes, and bills
are traded in the fixed-income market.

Let’s look at an example of a U.S. government note. In 2007 the Treasury issued 4.875%
notes maturing in 2012. These notes are called “the 4.875s of 2012.” Treasury bonds and
notes have face values of $1,000, so if you own the 4.875s of 2012, the Treasury will give
you back $1,000 at maturity. You can also look forward to a regular coupon but, in contrast
to our French bond, coupons on Treasury bonds and notes are paid semiannually.® Thus,
the 4.875s of 2012 provide a coupon payment of 4.875/2 = 2.4375% of face value every
six months.

You can’t buy Treasury bonds, notes, or bills on the stock exchange. They are traded by
a network of bond dealers, who quote prices at which they are prepared to buy and sell. For
example, suppose that in 2009 you decide to buy the 4.875s of 2012. You phone a broker
who checks the current price on her screen. If you are happy to go ahead with the purchase,
your broker contacts a bond dealer and the trade is done.

The prices at which you can buy or sell Treasury notes and bonds are shown each day
in the financial press and on the Web. Figure 3.1 is taken from the The Wall Street Journal’s

2You could also value a three-year annuity of €8.50 plus a final payment of €108.50.

3 The frequency of interest payments varies from country to country. For example, most euro bonds pay interest annually, while
most bonds in the U.K., Canada, and Japan pay interest semiannually.
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D FIGURE 3.1

Sample Treasury bond
quotes from The Wall
Street Journal, February
2009.

Source: The Wall Street

Journal Web site,
WWW.WSsj.com.

Asked
Maturity Coupon Bid Asked Chg yield
2010 Feb 15 4.750 104:00 104:01 unch. 0.6651
2011 Feb 15 5.000 108:16 108:18 +5 0.6727
2012 Feb 15 4.875 110:24 110:25 +14 1.2006
2013 Feb 15 3.875 109:27 109:29 +24 1.3229
2014 Feb 15 4.000 111.19 111:21 +30 1.5664
2015 Feb 15 4.000 111:20 111:23 +34 1.9227
2016 Feb 15 4.500 115:03 115:04 +59 1.9856
2017 Feb 15 4.625 115:20 115:21 +65 2.4555
2018 Feb 15 3.500 107:14 107:15 +64 2.5646
2019 Feb 15 2.750 100:23 100:25 +63 2.6622
2020 Feb 15 8.500 147:19 147:21 +83 3.2976

Web page and shows the prices of a small sample of Treasury bonds. Look at the entry for
our 4.875s of February 2012. The asked price of 110:25 is the price you need to pay to buy
the note from a dealer. This price is quoted in 32nds rather than decimals. Thus a price of
110:25 means that each bond costs 110 + 25/32, or 110.78125% of face value. The face
value of the note is $1,000, so each note costs $1,107.8125.*

The bid price is the price investors receive if they sell to a dealer. The dealer earns her
living by charging a spread between the bid and the asked price. Notice that the spread for
the 4.875s of 2012 is only 1/32, or about .03% of the note’s value.

The next column in Figure 3.1 shows the change in price since the previous day. The
price of the 4.875% notes has risen by 14/32, an unusually large move for a single day.
Finally, the column “Asked Yield” shows the asked yield to maturity. Because interest is
semiannual, yields on U.S. bonds are usually quoted as semiannually compounded yields.
Thus, if you buy the 4.875% note at the asked price and hold it to maturity, you earn a
semiannually compounded return of 1.2006%. This means that every six months you earn
a return of 1.2006/2 = .6003%.

You can now repeat the present value calculations that we did for the French govern-
ment bond. You just need to recognize that bonds in the U.S. have a face value of $1,000,
that their coupons are paid semiannually, and that the quoted yield is a semiannually
compounded rate.

Here are the cash payments from the 4.875s of 2012:

Cash Payments ($)

Aug. 2009 Feb. 2010 Aug. 2010 Feb. 2011 Aug. 2011 Feb. 2012
$24.375 $24.375 $24.375 $24.375 $24.375 $1,024.375

*The quoted bond price is known as the flat (or clean) price. The price that the bond buyer actually pays (sometimes called the
Sfull or dirty price) is equal to the flat price plus the interest that the seller has already earned on the bond since the last interest
payment. The precise method for calculating this accrued interest varies from one type of bond to another. We use the flat price to
calculate the yield.
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If investors demand a semiannual return of .6003%, then the present value of these cash
flows is

24.375 24.375 24.375 24.375 24.375 1024.375
PV= - >+ S+ o+ =+ -
1.006003  1.006003° 1.006003° 1.006003* 1.006003°> 1.006003

Each note is worth $1,107.95, or 110.795% of face value.

Again we could turn the valuation around: given the price, what’s the yield to maturity?
Try it, and you’ll find (no surprise) that the yield to maturity is y = .006003. This is the
semiannual rate of return that you can earn over the six remaining half-year periods until
the note matures. Take care to remember that the yield is reported as an annual rate, calcu-
lated as 2 X .006003 = .012006, or 1.2006%. If you see a reported yield to maturity of R%,
you have to remember to use y = R/2% as the semiannual rate for discounting cash flows
received every six months.

=$1107.95
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3-2 How Bond Prices Vary with Interest Rates

Figure 3.2 plots the yield to maturity on 10-year U.S. Treasury bonds’ from 1900 to 2008. Notice
how much the rate fluctuates. For example, interest rates climbed sharply after 1979 when Paul
Volcker, the new chairman of the Fed, instituted a policy of tight money to rein in inflation.
Within two years the interest rate on 10-year government bonds rose from 9% to a midyear peak
of 15.8%. Contrast this with 2008, when investors fled to the safety of U.S. government bonds.
By the end of that year long-term Treasury bonds offered a measly 2.2% rate of interest.

As interest rates change, so do bond prices. For example, suppose that investors demanded
a semiannual return of 4% on the 4.875s of 2012, rather than the .6003% return we used
above. In that case the price would be

24375 24375 24375 24375 24375 1024.375
PV = + ~+ —+ ~+ =+ -
1.04 1.04 1.04 1.04 1.04 1.04

= $918.09

Yield, %
©
|
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5 From this point forward, we will just say “bonds,” and not distinguish notes from bonds unless we are referring to a specific
security. Note also that bonds with long maturities end up with short maturities when they approach the final payment date. Thus
you will encounter 30-year bonds trading 20 years later at the same prices as new 10-year notes (assuming equal coupons).

D FIGURE 3.2

The interest rate on
10-year U.S. Treasury
bonds.
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D FIGURE 3.3 o
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The higher interest rate results in a lower price.

Bond prices and interest rates #ust move in opposite directions. The yield to maturity, our
measure of the interest rate on a bond, is defined as the discount rate that explains the bond price.
When bond prices fall, interest rates (that is, yields to maturity) must rise. When interest rates rise,
bond prices must fall. We recall a hapless TV pundit who intoned, “The recent decline in long-term
interest rates suggests that long-term bond prices may rise over the next week or two.” Of course
the bond prices had already gone up. We are confident that you won’t make the pundit’s mistake.

The solid green line in Figure 3.3 shows the value of our 4.875% note for different inter-
est rates. As the yield to maturity falls, the bond price increases. When the annual yield is
equal to the note’s annual coupon rate (4.875%), the note sells for exactly its face value.
When the yield is higher than 4.875%, the note sells at a discount to face value. When the
yield is lower than 4.875%, the note sells at a premium.

Bond investors cross their fingers that market interest rates will fall, so that the price of
their securities will rise. If they are unlucky and interest rates jump up, the value of their
investment declines.

A change in interest rates has only a modest impact on the value of near-term cash flows
but a much greater impact on the value of distant cash flows. Thus the price of long-term
bonds is affected more by changing interest rates than the price of short-term bonds. For
example, compare the two curves in Figure 3.3. The green line shows how the price of the
three-year 4.875% note varies with the interest rate. The brown line shows how the price of
a 30-year 4.875% bond varies. You can see that the 30-year bond is much more sensitive to
interest rate fluctuations than the three-year note.

Duration and Volatility

Changes in interest rates have a greater impact on the prices of long-term bonds than on those
of short-term bonds. But what do we mean by “long-term” and “short-term™? A coupon bond
that matures in year 30 makes payments in each of years 1 through 30. It’s misleading to describe
the bond as a 30-year bond; the average time to each cash payment is less than 30 years.

DN IZESEAN @ Which Is the Longest-Term Bond?

A strip is a special type of Treasury bond that repays principal at maturity, but makes no
coupon payments along the way. Strips are also called zero-coupon bonds. (We cover strips
in more detail in the next section.)
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Consider a strip maturing in February 2015 and two coupon bonds maturing on the
same date. Table 3.1 calculates the prices of these three Treasuries, assuming a yield to
maturity of 2% per year. Take a look at the time pattern of each bond’s cash payments and
review how the prices are calculated.

Which of the three Treasuries is the longest-term investment? They have the same final
maturity, of course, February 2015. But the #ming of the bonds’ cash payments is not the
same. The two coupon bonds deliver cash payments earlier than the strip, so the strip has
the longest effective maturity. The average maturity of the 4s is in turn longer than that
of the 11 1/4s, because the 4s deliver relatively more of their cash flows at maturity, when
the face value is paid off. The 11 1/4s have the shortest average maturity, because a greater
fraction of this bond’s cash payments comes as coupons rather than the final payment of
face value.

Price (%) Cash payments %
Bond Feb. 2009 Aug. 2009 Feb. 2010. . . .. .Aug. 2014 Feb. 2015
Strip for Feb. 2015 88.74 0 0... .0 100.00
4s of Feb. 2015 111.26 2.00 2.00... ... 2.00 102.00
11 1/4s of Feb. 2015 152.05 5.625 5.625. .. ...5.625 105.625

D TABLE3.1 A comparison of the cash flows and prices of three Treasuries in February 2009, assuming a yield to

maturity of 2%.

Note: All three securities mature in February 2015.

Investors and financial managers calculate a bond’s average maturity by its dura-
tion. They keep track of duration because it measures the exposure of the bond’s price
to fluctuations in interest rates. Duration is often called Macaulay duration after its
inventor.

Duration is the weighted average of the times when the bond’s cash payments are
received. The times are the future years 1, 2, 3, etc., extending to the final maturity date,
which we call 7. The weight for each year is the present value of the cash flow received at
that time divided by the total present value of the bond.

1 X PV(C)) N 2 X PV(G,) N 3 X PV(Cy) - T XPV(Cy)
PV PV PV PV

Duration =

Table 3.2 shows how to compute duration for the French OATs maturing in 2012. First, we
value each of the three annual coupon payments of €8.50 and the final payment of coupon
plus face value of €108.50. Of course the present values of these payments add up to the
bond price of €120.44. Then we calculate the fraction of the price accounted for by each
cash flow and multiply each fraction by the year of the cash flow. The results sum across
to a duration of 3.60 years.
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Year (1) 1 2 3 4

Cash payment (C) €8.50 €8.50 €8.50 €108.50

PV(Cy) at 3% €8.25 €8.01 €7.78 €96.40 PV = €120.44

Fraction of total value 0.069 0.067 0.065 0.800

[PV(Cy/PV]

Year X Fraction of total 0.069 0.133 0.194 3.202 Total = duration = 3.60
value [t X PV(Cy/PV]

D TABLE 3.2 Calculating duration for the French OATs maturing in 2012. The yield to maturity is 3% per year.

Table 3.3 shows the same calculation for the 11%4% U.S. Treasury bond maturing in
February 2015. The present value of each cash payment is calculated using a 2% yield
to maturity. Again we calculate the fraction of the price accounted for by each cash flow
and multiply each fraction by the year. The calculations look more formidable than in
Table 3.2, but only because the final maturity date is 2016 rather than 2012 and coupons
are paid semiannually. Thus in Table 3.3 we have to track 12 dates rather than 4. The dura-
tion of the 11 1/4s equals 4.83 years.

We leave it to you to calculate durations for the other two bonds in Table 3.1. You will
find that duration increases to 5.43 years for the 4s of 2015. The duration of the strip is six
years exactly, the same as its maturity. Because there are no coupons, 100% of the strip’s
value comes from payment of principal in year 6.

We mentioned that investors and financial managers track duration because it mea-
sures how bond prices change when interest rates change. For this purpose it’s best to
use modified duration or volatility, which is just duration divided by one plus the yield to
maturity:

Modified duration = volatility (%) = duration

1+ yield

Aug. Feb. Aug.  Feb. Aug. Feb. Aug. Feb.
2009 2010 2010 2011 ... 2013 2014 2014 2015
Year (1) 0.5 1.0 15 2.0 ... 45 5.0 55 6.0
Cash payment (Cy) 5.63 5.63 5.63 5.63 ... 563 5.63 5.63 105.625
PV(Cy at 2% 5.57 5.51 5.46 5.41 ... 514 5.09 5.04 93.74 PV = 152.05
fraction of total value  0.0366  0.0363  0.0359 0.0355 ... 0.0338 0.0335 0.0332 0.6165
[PV(Cy/PV]
Year X fraction 0.0183 0.0363 0.0539 0.0711 ... 0.1522 0.1674 0.1824 3.6988 Total = duration = 4.83

of total value
[t X PV(C)/PV]

Duration
(years) = 4.83

D TABLE 3.3 Calculating the duration of the 11%4% Treasuries of 2015. The yield to maturity is 2%. eXcel

Visit us at
www.mhhe.com/bma
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Modified duration measures the percentage change in bond price for a 1 percentage-point
change in yield.® Let’s try out this formula for the OAT bond in Table 3.2. The bond’s
modified duration is duration/(1 + yield) = 3.60/1.03 = 3.49%. This means that a 1%
change in the yield to maturity should change the bond price by 3.49%.

Let’s check that prediction. Suppose the yield to maturity either increases or declines
by .5%:

Yield to Maturity Change (%)
3.5% 118.37 —1.767
3.0 120.44 —
2.5 122.57 +1.726

The total difference between price at 2.5% and 3.5% is 1.767 + 1.726 = 3.49%. Thus a
1% change in interest rates means a 3.49% change in bond price, just as predicted.

The modified duration for the 11%4% U.S. Treasury in Table 3.3 is 4.83/1.02 = 4.74%.
In other words, a 1% change in yield to maturity results in a 4.74% change in the bond’s
price. Modified durations for the other bonds in Table 3.1 are larger, which means more
exposure of price to changes in interest rates. For example, the modified duration of the
strip 1s 6/1.02 = 5.88%.

You can see why duration (or modified duration) is a handy measure of interest-rate risk.
For example, investment managers regularly monitor the duration of their bond portfolios
to ensure that they are not running undue risk.”

3-3 The Term Structure of Interest Rates

53—

When we explained in Chapter 2 how to calculate present values, we used the same dis-
count rate to calculate the value of each period’s cash flow. A single yield to maturity y
can also be used to discount all future cash payments from a bond. For many purposes,
using a single discount rate is a perfectly acceptable approximation, but there are also
occasions when you need to recognize that short-term interest rates are different from
long-term rates.

The relationship between short- and long-term interest rates is called the term structure
of interest rates. Look for example at Figure 3.4, which shows the term structure in two
different years. Notice that in the later year the term structure sloped downward; long-term
interest rates were lower than short-term rates. In the earlier year the pattern was reversed
and long-term bonds offered a much higher interest rate than short-term bonds. You now
need to learn how to measure the term structure and understand why long- and short-term
rates differ.

Consider a simple loan that pays $1 at the end of one year. To find the present value of
this loan you need to discount the cash flow by the one-year rate of interest rate, r;:

PV =1/(1+ r,)

®In other words, the derivative of the bond price with respect to a change in yield to maturity is dPV/dy = — duration/
(1 +y) = — modified duration.

7 The portfolio duration is a weighted average of the durations of the bonds in the portfolio. The weight for each bond is the
fraction of the portfolio invested in that bond. Note that as time passes and interest rates change, the portfolio manager needs to
recalculate duration.
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This rate, | is called the one-year spot rate. To find the present value of a loan that pays $1
at the end of two years, you need to discount by the two-year spot rate, 7,:

PV = 1/(1+ r,)?

The first year’s cash flow is discounted at today’s one-year spot rate and the second year’s
flow is discounted at today’s two-year spot rate. The series of spot rates 7, 72, - . «, 7 - - .
traces out the term structure of interest rates.

Now suppose you have to value $1 paid at the end of years 1 and 2. If the spot rates are
different, say 7, = 3% and r, = 4%, then we need two discount rates to calculate present
value:

1

=——+
v 1.03  1.04%

=1.895

Once we know that PV = 1.895, we can go on to calculate a single discount rate that would
give the right answer. That is, we could calculate the yield to maturity by solving for y in
the following equation:

1 . 1
(I+y)  (1+y)?

This gives a yield to maturity of 3.66%. Once we have the yield, we could use it to value
other two-year annuities. But we can’t get the yield to maturity until we know the price.
The price is determined by the spot interest rates for dates 1 and 2. Spot rates come first.
Yields to maturity come later, after bond prices are set. That is why professionals identify
spot interest rates and discount each cash flow at the spot rate for the date when the cash
flow is received.

PV =1.895 =

Spot Rates, Bond Prices, and the Law of One Price

The law of one price states that the same commodity must sell at the same price in a well-
functioning market. Therefore, all safe cash payments delivered on the same date must be
discounted at the same spot rate.

Table 3.4 illustrates how the law of one price applies to government bonds. It lists four
government bonds, which we assume make annual coupon payments. We have put at the
top the shortest-duration bond, the 8% coupon bond maturing in year 2, and we’ve put at
the bottom the longest-duration bond, the 4-year strip. Of course the strip pays off only at
maturity.
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Bond Price Yield to
1 2 3 4 (PV) Maturity (y, %)
Spot rates .035 .04 .042 .044
Discount factors .9662 .9246 .8839 .8418
Bond A (8% coupon):
Payment (C) $80 1,080
PV(Cy $77.29 998.52 $1,075.82 3.98
Bond B (11% coupon):
Payment (Cy) $110 110 1,110
PV(Cy) $106.28 101.70 981.11 $1,189.10 4.16
Bond C (6% coupon):
Payment (C) $60 60 60 1,060
PV(Cy $57.97 55.47 53.03 892.29 $1,058.76 437
Bond D (strip):
Payment (Cj) $1,000
PV(C) $841.78 $841.78 4.40
D TABLE 3.4 The law of one price applied to government bonds. exce’
Visit us at

www.mhhe.com/bma

Spot rates and discount factors are given at the top of each column. The law of
one price says that investors place the same value on a risk-free dollar regardless of
whether it is provided by bond A, B, C, or D. You can check that the law holds in the
table.

Each bond is priced by adding the present values of each of its cash flows. Once
total PV is calculated, we have the bond price. Only then can the yield to maturity be
calculated.

Notice how the yield to maturity increases as bond maturity increases. The yields increase
with maturity because the term structure of spot rates is upward-sloping. Yields to maturity
are complex averages of spot rates.

Financial managers who want a quick, summary measure of interest rates bypass spot
interest rates and look in the financial press at yields to maturity. They may refer to the
yield curve, which plots yields to maturity, instead of referring to the term structure, which
plots spot rates. They may use the yield to maturity on one bond to value another bond
with roughly the same coupon and maturity. They may speak with a broad brush and
say, “Ampersand Bank will charge us 6% on a three-year loan,” referring to a 6% yield to
maturity.

Throughout this book, we too use the yield to maturity to summarize the return required
by bond investors. But you also need to understand the measure’s limitations when spot
rates are not equal.

Measuring the Term Structure

You can think of the spot rate, 7, as the rate of interest on a bond that makes a single
payment at time £ Such simple bonds do exist—we have already seen examples. They are
known as stripped bonds, or strips. On request the U.S. Treasury will split a normal cou-
pon bond into a package of mini-bonds, each of which makes just one cash payment. Our
4.875% notes of 2012 could be exchanged for six semiannual coupon strips, each paying
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D FIGURE 3.5

Spot rates on U.S.
Treasury strips, February
2009.

$24.375, and a principal strip paying $1,000. In February 2009 this package of coupon
strips would have cost $143.83 and the principal strip would have cost $964.42, making
a total cost of $1,108.25, just a few cents more than it cost to buy one 4.875% note. That
should be no surprise. Because the two investments provide identical cash payments, they
must sell for very close to the same price.

We can use the prices of strips to measure the term structure of interest rates. For
example, in February 2009 a 10-year strip cost $714.18. In return, investors could look
forward to a single payment of $1,000 in February 2019. Thus investors were pre-
pared to pay $.71418 for the promise of $1 at the end of 10 years. The 10-year dis-
count factor was DF;q = 1/(1 + r,0)!° = .71418, and the 10-year spot rate was 7,y = (1/
71418)1% — 1 = .0342, or 3.42%. In Figure 3.5 we use the prices of strips with different
maturities to plot the term structure of spot rates from 1 to 10 years. You can see that in
2009 investors required a somewhat higher interest rate for lending for 10 years rather
than for 1.

Why the Discount Factor Declines As Futurity Increases—
and a Digression on Money Machines

In Chapter 2 we saw that the longer you have to wait for your money, the less is its pres-
ent value. In other words, the two-year discount factor DF, = 1/(1 + r,)? is less than the
one-year discount factor DF; = (1 + 7). But is this zecessarily the case when there can be a
different spot interest rate for each period?

Suppose that the one-year spot rate of interest is 7; = 20%, and the two-year spot rate is
r, = 7%. In this case the one-year discount factor is DF; = 1/1.20 = .833 and the two-year
discount factor is DF, = 1/1.07> = .873. Apparently a dollar received the day after tomor-
row is zot necessarily worth less than a dollar received tomorrow.

But there is something wrong with this example. Anyone who could borrow and
invest at these interest rates could become a millionaire overnight. Let us see how such
a “money machine” would work. Suppose the first person to spot the opportunity is

Spot rate, %
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Hermione Kraft. Ms. Kraft first buys a one-year Treasury strip for .833 X $1,000 = $833.
Now she notices that there is a way to earn an immediate surefire profit on this invest-
ment. She reasons as follows. Next year the strip will pay off $1,000 that can be rein-
vested for a further year. Although she does not know what interest rates will be at that
time, she does know that she can always put the money in a checking account and be
certain of having $1,000 at the end of year 2. Her next step, therefore, is to go to her
bank and borrow the present value of this $1,000. At 7% interest the present value is
PV = 1000/(1.07)* = $873.

So Ms. Kraft borrows $873, invests $830, and walks away with a profit of $43. If that
does not sound like very much, notice that by borrowing more and investing more she can
make much larger profits. For example, if she borrows $21,778,584 and invests $20,778,584,
she would become a millionaire.®

Of course this story is completely fanciful. Such an opportunity would not last long in
well-functioning capital markets. Any bank that allowed you to borrow for two years at
7% when the one-year interest rate was 20% would soon be wiped out by a rush of small
investors hoping to become millionaires and a rush of millionaires hoping to become
billionaires. There are, however, two lessons to our story. The first is that a dollar tomorrow
cannot be worth less than a dollar the day after tomorrow. In other words, the value of a dol-
lar received at the end of one year (DF;) cannot be less than the value of a dollar received
at the end of two years (DF,). There must be some extra gain from lending for two periods
rather than one: (1 + 7,)* cannot be less than 1 + 7.

Our second lesson is a more general one and can be summed up by this precept: “There
is no such thing as a surefire money machine.” The technical term for money machine
is arbitrage. In well-functioning markets, where the costs of buying and selling are low,
arbitrage opportunities are eliminated almost instantaneously by investors who try to take
advantage of them.

Later in the book we invoke the absence of arbitrage opportunities to prove several useful
properties about security prices. That is, we make statements like, “The prices of securities
X and Y must be in the following relationship—otherwise there would be potential arbitrage
profits and capital markets would not be in equilibrium.”

3-4 | Explaining the Term Structure

The term structure that we showed in Figure 3.5 was upward-sloping. Long-term rates of
interest in February 2009 were more than 3.5%; short-term rates were 1% or less. Why then
didn’t everyone rush to buy long-term bonds? Who were the (foolish?) investors who put
their money into the short end of the term structure?

Suppose that you held a portfolio of one-year U.S. Treasuries in February 2009. Here
are three possible reasons why you might decide to hold on to them, despite their low rate
of return:

1. You believe that short-term interest rates will be higher in the future.
2. You worry about the greater exposure of long-term bonds to changes in interest rates.
3. You worry about the risk of higher future inflation.

We review each of these reasons now.

8 We exaggerate Ms. Kraft’s profits. There are always costs to financial transactions, though they may be very small. For example,
Ms. Kraft could use her investment in the one-year strip as security for the bank loan, but the bank would need to charge more
than 7% on the loan to cover its costs.
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Expectations Theory of the Term Structure

Recall that you own a portfolio of one-year Treasuries. A year from now, when the Tre-
asuries mature, you can reinvest the proceeds for another one-year period and enjoy what-
ever interest rate the bond market offers then. The interest rate for the second year may
be high enough to offset the first year’s low return. You often see an upward-sloping term
structure when future interest rates are expected to rise.

D[RS WA ® Expectations and the Term Structure

Suppose that the one-year interest rate, 1, is 5%, and the two-year rate, r,, is 7%. If you
invest $100 for one year, your investment grows to 100 X 1.05 = $105; if you invest for
two years, it grows to 100 X 1.07? = $114.49. The extra return that you earn for that second
year is 1.07%/1.05 — 1 = .090, or 9.0%.’

Would you be happy to earn that extra 9% for investing for two years rather than one?
The answer depends on how you expect interest rates to change over the coming year. If
you are confident that in 12 months’ time one-year bonds will yield more than 9.0%, you
would do better to invest in a one-year bond and, when that matured, reinvest the cash for
the next year at the higher rate. If you forecast that the future one-year rate is exactly 9.0%,
then you will be indifferent between buying a two-year bond or investing for one year and
then rolling the investment forward at next year’s short-term interest rate.

If everyone is thinking as you just did, then the two-year interest rate has to adjust so that
everyone is equally happy to invest for one year or two. Thus the two-year rate will incorpo-
rate both today’s one-year rate and the consensus forecast of next year’s one-year rate.

We have just illustrated (in Example 3.2) the expectations theory of the term structure.
It states that in equilibrium investment in a series of short-maturity bonds must offer the
same expected return as an investment in a single long-maturity bond. Only if that is the
case would investors be prepared to hold both short- and long-maturity bonds.

The expectations theory implies that the only reason for an upward-sloping term struc-
ture is that investors expect short-term interest rates to rise; the only reason for a declining
term structure is that investors expect short-term rates to fall.

If short-term interest rates are significantly lower than long-term rates, it is tempting to bor-
row short-term rather than long-term. The expectations theory implies that such naive strategies
won’t work. If short-term rates are lower than long-term rates, then investors must be expecting
interest rates to rise. When the term structure is upward-sloping, you are likely to make money
by borrowing short only if investors are overestimating future increases in interest rates.

Even at a casual glance the expectations theory does not seem to be the complete explana-
tion of term structure. For example, if we look back over the period 1900-2008, we find that
the return on long-term U.S. Treasury bonds was on average 1.5 percentage points higher than
the return on short-term Treasury bills. Perhaps short-term interest rates stayed lower than
investors expected, but it seems more likely that investors wanted some extra return for holding
long bonds and that on average they got it. If so, the expectations theory is only a first step.

These days the expectations theory has few strict adherents. Nevertheless, most econo-
mists believe that expectations about future interest rates have an important effect on the
term structure. For example, you will hear market commentators remark that the six-month
interest rate is higher than the three-month rate and conclude that the market is expecting the

% The extra return for lending for one more year is termed the forward rate of interest. In our example the forward rate is 9.0%. In
Ms. Kraft’s arbitrage example, the forward interest rate was negative. In real life, forward interest rates can’t be negative. At the
lowest they are zero.
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Federal Reserve Board to raise interest rates. There is good evidence for this type of reasoning.
Suppose that every month from 1950 to 2008 you used the extra return from lending for six
months rather than three to predict the likely change in interest rates. You would have found
on average that the steeper the term structure, the more that interest rates subsequently rose.
So it looks as if the expectations theory has some truth to it even if it is not the whole truth.

Introducing Risk

What does the expectations theory leave out? The most obvious answer is “risk.” If you are
confident about the future level of interest rates, you will simply choose the strategy that
offers the highest return. But, if you are not sure of your forecasts, you may well opt for a
less risky strategy even if it means giving up some return.

Remember that the prices of long-duration bonds are more volatile than prices of short-
duration bonds. A sharp increase in interest rates can knock 30% or 40% off the price of
long-term bonds.

For some investors, this extra volatility of long-duration bonds may not be a concern.
For example, pension funds and life insurance companies have fixed long-term liabilities,
and may prefer to lock in future returns by investing in long-term bonds. However, the
volatility of long-term bonds does create extra risk for investors who do not have such long-
term obligations. These investors will be prepared to hold long bonds only if they offer
the compensation of a higher return. In this case the term structure will be upward-sloping
more often than not. Of course, if interest rates are expected to fall, the term structure
could be downward-sloping and still reward investors for lending long. But the additional
reward for risk offered by long bonds would result in a less dramatic downward slope.

Inflation and Term Structure

Suppose you are saving for your retirement 20 years from now. Which of the following strate-
gies is more risky? Invest in a succession of one-year Treasuries, rolled over annually, or invest
once in 20-year strips? The answer depends on how confident you are about future inflation.

If you buy the 20-year strips, you know exactly how much money you will have at year
20, but you don’t know what that money will buy. Inflation may seem benign now, but
who knows what it will be in 10 or 15 years? This uncertainty about inflation may make it
uncomfortably risky for you to lock in one 20-year interest rate by buying the strips. This
was a problem facing investors in 2009, when no one could be sure whether the country
was facing the prospect of prolonged deflation or whether the high levels of government
borrowing would prompt rapid inflation.

You can reduce exposure to inflation risk by investing short-term and rolling over the
investment. You do not know future short-term interest rates, but you do know that future
interest rates will adapt to inflation. If inflation takes off, you will probably be able to roll
over your investment at higher interest rates.

If inflation is an important source of risk for long-term investors, borrowers must offer
some extra incentive if they want investors to lend long. That is why we often see a steeply
upward-sloping term structure when inflation is particularly uncertain.

3-5 Real and Nominal Rates of Interest

It is now time to review more carefully the relation between inflation and interest rates.
Suppose you invest $1,000 in a one-year bond that makes a single payment of $1,100 at the
end of the year. Your cash flow is certain, but the government makes no promises about
what that money will buy. If the prices of goods and services increase by more than 10%,
you will lose ground in terms of purchasing power.
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Several indexes are used to track the general level of prices. The best known is the Con-
sumer Price Index (CPI), which measures the number of dollars that it takes to pay for a
typical family’s purchases. The change in the CPI from one year to the next measures the
rate of inflation.

Figure 3.6 shows the rate of inflation in the U.S. since 1900. Inflation touched a peak
at the end of World War I, when it reached 21%. However, this figure pales into insignifi-
cance compared with the hyperinflation in Zimbabwe in 2008. Prices there rose so fast that
a Z$50 trillion bill was barely enough to buy a loaf of bread.

Prices can fall as well as rise. The U.S. experienced severe deflation in the Great Depres-
sion, when prices fell by 24% in three years. More recently, consumer prices in Hong Kong
fell by nearly 15% in the six years from 1999 to 2004.

The average U.S. inflation rate from 1900 to 2008 was 3.1%. As you can see from
Figure 3.7, among major economies the U.S. has been almost top of the class in hold-
ing inflation in check. Countries torn by war have generally experienced much higher
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inflation. For example, in Italy and Japan, inflation since 1900 has averaged about 11%
a year.

Economists and financial managers refer to current, or nominal, dollars versus constant,
or real, dollars. For example, the nominal cash flow from your one-year bond is $1,100.
But if prices rise over the year by 6%, then each dollar will buy you 6% less next year
than it does today. So at the end of the year $1,100 has the same purchasing power as
1,100/1.06 = $1,037.74 today. The nominal payoff on the bond is $1,100, but the real
payoff is only $1,037.74.

The formula for converting nominal cash flows in a future period ¢ to real cash flows
today is

Nominal cash flow at date ¢
(1 + inflation rate)’

Real cash flow at date ¢ =

For example, suppose you invest in a 20-year Treasury strip, but inflation over the
20 years averages 6% per year. The strip pays $1,000 in year 20, but the real value of that
payoff is only 1,000/1.06%° = $311.80. In this example, the purchasing power of $1 today
declines to just over $.31 after 20 years.

These examples show you how to get from nominal to real cash flows. The journey from
nominal to real interest rates is similar. When a bond dealer says that your bond yields
10%, she is quoting a nominal interest rate. That rate tells you how rapidly your money
will grow, say over one year:

Invest Current Dollars Receive Dollars in Year1  Result
$1,000 —» $1,100 10% nominal rate of return

However, with an expected inflation rate of 6%, you are only 3.774% better off at the
end of the year than at the start:

Expected Real Value

Invest Current Dollars of Dollars in Year 1

$1,000 —» $1,037.74 (= 1,100/1.06) 3.774% expected real rate
of return

Thus, we could say, “The bond offers a 10% nominal rate of return,” or “It offers a 3.774%
expected real rate of return.”
The formula for calculating the real rate of return is:

1+ 70y = (14 7,0mina)/ (1 + inflation rate)

In our example, 1 + 7,y = 1.10/1.06 = 1.03774.1°

Indexed Bonds and the Real Rate of Interest

Most bonds are like our U.S. Treasury bonds; they promise you a fixed nominal rate of
interest. The real interest rate that you receive is uncertain and depends on inflation. If the
inflation rate turns out to be higher than you expected, the real return on your bonds will
be lower.

10 A common rule of thumb states that 7 ¢, = 7 nominal — inflation rate. In our example this gives 7, = .10 — .06 = .04, or 4%. This
is not a bad approximation to the true real interest rate of 3.774%. But when inflation is high, it pays to use the full formula.
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You can nail down a real return, however. You do so by buying an indexed bond that
makes cash payments linked to inflation. Indexed bonds have been around in many other
countries for decades, but they were almost unknown in the United States until 1997,
when the U.S. Treasury began to issue inflation-indexed bonds known as TIPS (Treasury
Inflation-Protected Securities).!!

The real cash flows on TIPS are fixed, but the nominal cash flows (interest and principal)
increase as the CPI increases.? For example, suppose that the U.S. Treasury issues 3% 20-year
TIPS at a price equal to its face value of $1,000. If during the first year the CPI rises by 10%,
then the coupon payment on the bond increases by 10% from $30 to 30 X 1.10 = $33.
The amount that you will be paid at maturity also increases to $1,000 X 1.10 = $1,100.
The purchasing power of the coupon and face value remain constant at $33/1.10 = $30
and $1,100/1.10 = $1,000. Thus, an investor who buys the bond at the issue price earns a
real interest rate of 3%.

Long-term TIPS offered a yield of about 1.7% in February 2009. This is a real yield to
maturity. It measures the extra goods and services your investment will allow you to buy.
The 1.7% yield on TIPS was about 1.0% less than the nominal yield on ordinary Treasury
bonds. If the annual inflation rate turns out to be higher than 1.0%, investors will earn a
higher return by holding long-term TIPS; if the inflation rate turns out to be less than 1.0%,
they would have been better off with nominal bonds.

What Determines the Real Rate of Interest?

The real rate of interest depends on people’s willingness to save (the supply of capital)'” and
the opportunities for productive investment by governments and businesses (the demand
for capital). For example, suppose that investment opportunities generally improve. Firms
have more good projects, so they are willing to invest more than previously at the current
real interest rate. Therefore, the rate has to rise to induce individuals to save the additional
amount that firms want to invest.!* Conversely, if investment opportunities deteriorate,
there will be a fall in the real interest rate.

Thus the real rate of interest depends on the balance of saving and investment in the
overall economy." A high aggregate willingness to save may be associated with high aggre-
gate wealth (because wealthy people usually save more), an uneven distribution of wealth
(an even distribution would mean fewer rich people who do most of the saving), and a high
proportion of middle-aged people (the young don’t need to save and the old don’t want
to—“You can’t take it with you”). A high propensity to invest may be associated with a high
level of industrial activity or major technological advances.

Real interest rates do change but they do so gradually. We can see this by looking at
the U.K., where the government has issued indexed bonds since 1982. The green line in

)13

" Indexed bonds were not completely unknown in the United States before 1997. For example, in 1780 American Revolutionary
soldiers were compensated with indexed bonds that paid the value of “five bushels of corn, 68 pounds and four-seventh parts of a
pound of beef, ten pounds of sheep’s wool, and sixteen pounds of sole leather.”

12 The reverse happens if there is deflation. In this case the coupon payment and principal amount are adjusted downward. How-
ever, the U.S. government guarantees that when the bond matures it will not pay less than its original face value.

13 Some of this saving is done indirectly. For example, if you hold 100 shares of IBM stock, and IBM retains and reinvests earn-
ings of $1.00 a share, IBM is saving $100 on your behalf. The government may also oblige you to save by raising taxes to invest
in roads, hospitals, etc.

1 We assume that investors save more as interest rates rise. It doesn’t have to be that way. Suppose that 20 years hence you will
need $50,000 in today’s dollars for your children’s college tuition. How much will you have to set aside today to cover this obliga-
tion? The answer is the present value of a real expenditure of $50,000 after 20 years, or 50,000/(1 + real interest rate)*’. The higher
the real interest rate, the lower the present value and the less you have to set aside.

15 Short- and medium-term real interest rates are also affected by the monetary policy of central banks. For example, sometimes
central banks keep short-term nominal interest rates low despite significant inflation. The resulting real rates can be negative.
Nominal interest rates cannot be negative, however, because investors can simply hold cash. Cash always pays zero interest, which
is better than negative interest.
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Figure 3.8 shows that the real yield to maturity on these bonds has fluctuated within a

relatively narrow range, while the yield on nominal government bonds (the brown line) has
declined dramatically.

Inflation and Nominal Interest Rates

How does the inflation outlook affect the nominal rate of interest? Here is how economist
Irving Fisher answered the question. Suppose that consumers are equally happy with 100
apples today or 103 apples in a year’s time. In this case the real or “apple” interest rate is
3%. If the price of apples is constant at (say) $1 each, then we will be equally happy to
receive $100 today or $103 at the end of the year. That extra $3 will allow us to buy 3%
more apples at the end of the year than we could buy today.

But suppose now that the apple price is expected to increase by 5% to $1.05 each. In
that case we would 7ot be happy to give up $100 today for the promise of $103 next year.
To buy 103 apples in a year’s time, we will need to receive 1.05 X $103 = $108.15. In
other words, the nominal rate of interest must increase by the expected rate of inflation to
8.15%.

This is Fisher’s theory: A change in the expected inflation rate causes the same propor-
tionate change in the nominal interest rate; it has no effect on the required real interest rate.
The formula relating the nominal interest rate and expected inflation is

1+ Thominal — (1+ rreal)(1+ l.)

where 7., is the real interest rate that consumers require and 7is the expected inflation rate. In
our example, the prospect of inflation causes 1 + 7 ,inq to rise to 1.03 X 1.05 = 1.0815.

Not all economists would agree with Fisher that the real rate of interest is unaffected by
the inflation rate. For example, if changes in prices are associated with changes in the level
of industrial activity, then in inflationary conditions I might want more or less than 103
apples in a year’s time to compensate me for the loss of 100 today.

We wish we could show you the past behavior of interest rates and expected inflation.
Instead we have done the next best thing and plotted in Figure 3.9 the return on Treasury
bills (short-term government debt) against actual inflation for the U.S., U.K., and Germany.
Notice that since 1953 the return on Treasury bills has generally been a little above the rate
of inflation. Investors in each country earned an average real return of between 1% and 2%
during this period.

Look now at the relationship between the rate of inflation and the Treasury bill rate.
Figure 3.9 shows that investors have for the most part demanded a higher rate of interest
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when inflation was high. So it looks as if Fisher’s theory provides a useful rule of thumb for
financial managers. If the expected inflation rate changes, it is a good bet that there will be
a corresponding change in the interest rate. In other words, a strategy of rolling over short-
term investments affords some protection against uncertain inflation.
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3-6 Corporate Bonds and the Risk of Default

Our focus so far has been on U.S. Treasury bonds. But the federal government is not the
only issuer of bonds. State and local governments borrow by selling bonds.'® So do corpo-
rations. Many foreign governments and corporations also borrow in the U.S. At the same
time U.S. corporations may borrow dollars or other currencies by issuing their bonds in
other countries. For example, they may issue dollar bonds in London that are then sold to
investors throughout the world.

National governments don’t go bankrupt—they just print more money. But they can’t
print money of other countries.!” Therefore, when a foreign government borrows dollars,
investors worry that in some future crisis the government may not be able to come up
with enough dollars to repay the debt. This worry shows up in bond prices and yields
to maturity. For example, in 2008 a collapse in the Ukrainian exchange rate raised the
cost of servicing the country’s foreign debts. Despite a bailout from the International
Monetary Fund, bondholders worried that the Ukrainian government would not be able
to service the dollar bonds that it had issued. By early 2009, the promised yield on
Ukrainian government debt had climbed to 25 percentage points above the yield on
U.S. Treasuries.

Corporations that get into financial distress may also be forced to default on their
bonds. Thus the payments promised to corporate bondholders represent a best-case sce-
nario: The firm will never pay more than the promised cash flows, but in hard times it may
pay less.

The safety of most corporate bonds can be judged from bond ratings provided by
Moody’s, Standard & Poor’s (S&P), and Fitch. Table 3.5 lists the possible bond ratings in
declining order of quality. For example, the bonds that receive the highest Moody’s rating
are known as Aaa (or “triple A”) bonds. Then come Aa (double A), A, Baa bonds, and so
on. Bonds rated Baa and above are called

investment grade, while those with a rat- Standard & Poor’s
ing of Ba or below are referred to as specu-  [RUULLIE and Fitch
lative grade, high-yield, or junk bonds. Aaa AAA

It is rare for highly rated bonds to | 5, AA
default. However, when an investment- A A
grade bond does go under, the shock
waves are felt in all major financial cen- | B BBB
ters. For example, in May 2001 World- | Ba BB
Com sold $11.8 billion of bonds with an B B
investment-grade rating. About one year | ... cee
later, WorldCom filed for bankruptcy,
and its bondholders lost more than 80% | ©2 ce
of their investment. For those bondhold- | © C

ers, the agencies that had assigned invest-
ment-grade ratings were not the flavor of
the month.

D TABLE 3.5 Key to bond ratings. The highest-quality
bonds rated Baa/BBB or above are investment grade.
Lower-rated bonds are called high-yield, or junk, bonds.

16 These municipal bonds enjoy a special tax advantage, because investors are exempt from federal income tax on the coupon pay-
ments on state and local government bonds. As a result, investors accept lower pretax yields on “munis.”

7 The U.S. government can print dollars and the Japanese government can print yen. But governments in the Eurozone don’t
even have the luxury of being able to print their own currency. For example, during the 2008 credit crisis, investors worried that
the Greek government would not be able to service its euro debts. At one point Greek bonds yielded 3% more than equivalent
German government bonds.
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D FIGURE 3.10

Yield spreads between
corporate and 10-year
Treasury bonds.

Issuer

Pfizer
Wal-Mart
DuPont
ConAgra
Woolworth

Eastman Kodak

General Motors

As you would expect, yields on corporate bonds vary with the bond rating. Figure 3.10
shows the yield spread of corporate bonds against U.S. Treasuries. Notice how spreads
widen as safety falls off.

The credit crunch that began in 2008 saw a dramatic widening in yield spreads.
Look at Table 3.6, which shows the prices and yields in December 2008 for a sample
of corporate bonds ranked by Standard & Poor’s rating. The yield on General Motors
bonds exceeded 50%. That may seem like a mouth-watering rate of return, but investors
foresaw that GM was likely to go bankrupt and that bond investors would not get their
money back.

The yields to maturity reported in Table 3.6 depend on the probability of default, the
amount recovered by the bondholder in the event of default, and also on liguidity. Corpo-
rate bonds are less liquid than Treasuries: they are more difficult and expensive to trade,
particularly in large quantities or on short notice. Many investors value liquidity and will
demand a higher interest rate on a less liquid bond. Lack of liquidity accounts for some of
the spread between yields on corporate and Treasury bonds.

4+ Spread on Baa bonds
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Coupon Maturity S&P Rating  Price, % of Face Value Yield to Maturity
4.65% 2018 AAA 104.00% 4.12%
6.75 2023 AA 111.45 5.60
6 2018 A 101.97 5.73
9.75 2021 BBB 111.00 8.30
8.50 2022 BB 93.99 9.30
9.20 2021 B 70.00 14.46
8.8 2021 CCC 16.66 56.78

D TABLE 3.6

Prices and yields of a sample of corporate bonds, December 2008.

Source: Bond transactions reported on FINRA's TRACE service: http://cxa.marketwatch.com/finra/BondCenter.



USEFUL SPREADSHEET FUNCTIONS
Valuing Bonds

D Spreadsheet programs such as Excel provide built-in
functions to solve for a variety of bond valuation
problems. You can find these functions by pressing fx
on the Excel toolbar. If you then click on the function
that you wish to use, Excel will ask you for the inputs
that it needs. At the bottom left of the function box
there is a Help facility with an example of how the
function is used.

Here is a list of useful functions for valuing bonds,
together with some points to remember when enter-
ing data:

* PRICE: The price of a bond given its yield to
maturity.

* YLD: The yield to maturity of a bond given its
price.

* DURATION: The duration of a bond.

* MDURATION: The modified duration (or
volatility) of a bond.
Note:

* You can enter all the inputs in these functions
directly as numbers or as the addresses of cells
that contain the numbers.

RTD —PRICE(DATE(2009.2.15) DATE{2014.2.15),.05,.04,100)

A | B (] o ) o [ ] [
| 1 104,100) | | | |
12| : =
BRI Function Arguments \£|

4
T PRICE
51 Settlement | DATE(2009,2,15) [Fee] = 3aes9 =
7| Maturity | DATE(2014,2,15) [Fa] = 1888 |l
% Rate |05 =005
Mol vid |04 [Feg)=n.04 1
] Redemption | 100 [Feg) = 100
12 =
i =

{94 | Retums the price per §100 face value of a security that pays periodi interest,
[15]
1—5 Redemption is the security's redsmption valus per $100 face valus.
18]
% Formula result =
27| | Heleon this functien
22 ]
123 |

* You must enter the yield and coupon as
decimal values, for example, for 3% you would
enter .03.

* Settlement is the date that payment for the
security is made. Maturity is the maturity date.
You can enter these dates directly using the Excel
date function, for example, you would enter 15
Feb 2009 as DATE(2009,02,15). Alternatively,
you can enter these dates in a cell and then enter
the cell address in the function.

* In the functions for PRICE and YLD you need
to scroll down in the function box to enter the
frequency of coupon payments. Enter 1 for
annual payments or 2 for semiannual.

* The functions for PRICE and YLD ask for an

entry for “basis.” We suggest you leave this blank.
(See the Help facility for an explanation.)

SPREADSHEET QUESTIONS

The following questions provide an opportunity to
practice each of these functions.

3.1 (PRICE) In February 2009, Treasury 8.5s of 2020
yielded 3.2976% (see Figure 3.1). What was their
price? If the yield rose to 4%, what would happen
to the price?

3.2 (YLD) On the same day Treasury 3.5s of 2018
were priced at 107:15 (see Figure 3.1). What was
their yield to maturity? Suppose that the price
was 110:00. What would happen to the yield?

3.3 (DURATION) What was the duration of the
Treasury 8.5s? How would duration change if the
yield rose to 4%? Can you explain why?

3.4 (MDURATION) What was the modified dura-
tion of the Treasury 8.5s> How would modified
duration differ if the coupon were only 7.5%?

Corporate Bonds Come in Many Forms

Most corporate bonds are similar to the government bonds that we have analyzed in this chap-
ter. In other words, they promise to make a fixed nominal coupon payment for each year until
maturity, at which point they also promise to repay the face value. However, you will find that
corporate bonds offer far greater variety than governments. Here are just two examples.
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Part One Value

SUMMARY

Floating-Rate Bonds Some corporate bonds are floating rate. They make coupon payments
that are tied to some measure of current market rates. The rate might be reset once a year
to the current short-term Treasury rate plus a spread of 2%, for example. So if the Treasury
bill rate at the start of the year is 6%, the bond’s coupon rate over the next year is set at 8%.
This arrangement means that the bond’s coupon rate always approximates current market
interest rates.

Convertible Bonds If you buy a convertible bond, you can choose later to exchange it
for a specified number of shares of common stock. For example, a convertible bond that
is issued at a face value of $1,000 may be convertible into 50 shares of the firm’s stock.
Because convertible bonds offer the opportunity to participate in any price appreciation
of the company’s stock, convertibles can be issued at lower coupon rates than plain-
vanilla bonds.

We have only skimmed the differences between government and corporate bonds. More
detail follows in several later chapters, including Chapters 23 and 24. But you have a suf-
ficient start for now.

Bonds are simply long-term loans. If you own a bond, you are entitled to a regular interest
(or conpon) payment and at maturity you get back 