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See http://www.fortune.

com for updates on the U.S.

ranking. Fortune also ranks
the Global Most Admired.

In a beauty contest for companies, the winneris . . . General Electric.

Or at least General Electric is the most admired company in America, according
to Fortune magazine's annual survey. The other top ten finalists are Cisco Systems, Wal-
Mart Stores, Southwest Airlines, Microsoft, Home Depot, Berkshire Hathaway, Charles
Schwab, Intel, and Dell Computer. What do these companies have that separates them
from the rest of the pack?

According to more than 4,000 executives, directors, and security analysts, these
companies have the highest average scores across eight attributes: (1) innovativeness,
(2) quality of management, (3) employee talent, (4) quality of products and services,
(5) long-term investment value, (6) financial soundness, (7) social responsibility, and (8)
use of corporate assets.

These companies also have an incredible focus on using technology to reduce
costs, to reduce inventory, and to speed up product delivery. For example, workers at
Dell previously touched a computer 130 times during the assembly process but now
touchitonly 60 times. Using point-of-sale data, Wal-Mart is able to identify and meet sur-
prising customer needs, such as bagels in Mexico, smoke detectors in Brazil, and house
paint during the winter in Puerto Rico. Many of these companies are changing the way
business works by using the Net, and that change is occurring at a break-neck pace. For
example, in 1999 GE's plastics distribution business did less than $2,000 per day of busi-
nessonline. A year later the division did more than $2,000,000 per day in e-commerce.

Many companies have a difficult time attracting employees. Not so for the most
admired companies, which average 26 applicants for each job opening. This is because,
in addition to their acumen with technology and customers, they are also on the leading
edge when it comes to training employees and providing a workplace in which people
can thrive.

In a nutshell, these companies reduce costs by having innovative production
processes, they create value for customers by providing high-quality products and
services, and they create value for employees through training and fostering an envi-
ronment that allows employees to utilize all of their skills and talents.

Do investors benefit from this focus on processes, customers, and employees?
During the most recent five-year period, these ten companies posted an average an-
nual stock return of 41.4 percent, more than double the S&P 500's average annual re-
turn of 18.3 percent. These exceptional returns are due to the ability of these com-
panies to generate cash flow. But, as you will see throughout this book, a company
can generate cash flow only if it also creates value for its customers, employees, and
suppliers.
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"This chapter should give you an idea of what corporate finance is all about, includ-
ing an overview of the financial markets in which corporations operate. But before
getting into the details of finance, it’s important to look at the big picture. You're
probably back in school because you want an interesting, challenging, and rewarding
career. 'To see where finance fits in, let’s start with a five-minute MBA.

The Five-Minute MBA

Visit http://ehrhardt.
swcollege.com to see the
web site accompanying this
text. This ever-evolving site,
for students and instructors,
is a tool for teaching, learn-
ing, financial research, and
job searches.

Okay, we realize you can’t get an MBA in five minutes. But just as an artist quickly
sketches the outline of a picture before filling in the details, we can sketch the key el-
ements of an MBA education. In a nutshell, the objective of an MBA is to provide
managers with the knowledge and skills they need to run successful companies, so we
start our sketch with some common characteristics of successful companies. In partic-
ular, all successful companies are able to accomplish two goals.

1. All successful companies identify, create, and deliver products or services that are
highly valued by customers, so highly valued that customers choose to purchase
them from the company rather than from its competitors. This happens only if the
company provides more value than its competitors, either in the form of lower
prices or better products.

2. All successful companies sell their products/services at prices that are high enough
to cover costs and to compensate owners and creditors for their exposure to risk. In
other words, it’s not enough just to win market share and to show a profit. The
profit must be high enough to adequately compensate investors.

It’s easy to talk about satisfying customers and investors, but it’s not so easy to ac-
complish these goals. If it were, then all companies would be successful and you
wouldn’t need an MBA! Still, companies such as the ones on Fortune’s Most Admired
list are able to satisfy customers and investors. These companies all share the follow-
ing three key attributes.

The Key Attributes Required for Success

First, successful companies have skilled people at all levels inside the company, includ-
ing (1) leaders who develop and articulate sound strategic visions; (2) managers who
make value-adding decisions, design efficient business processes, and train and moti-
vate work forces; and (3) a capable work force willing to implement the company’s
strategies and tactics.

Second, successful companies have strong relationships with groups that are out-
side the company. For example, successful companies develop win-win relationships
with suppliers, who deliver high-quality materials on time and at a reasonable cost. A
related trend is the rapid growth in relationships with third-party outsourcers, who
provide high-quality services and products at a relatively low cost. This is particularly
true in the areas of information technology and logistics. Successful companies also
develop strong relationships with their customers, leading to repeat sales, higher
profit margins, and lower customer acquisition costs.

Third, successful companies have sufficient capital to execute their plans and sup-
port their operations. For example, most growing companies must purchase land,
buildings, equipment, and materials. To make these purchases, companies can reinvest
a portion of their earnings, but most must also raise additional funds externally, by
some combination of selling stock or borrowing from banks and other creditors.
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Just as a stool needs all three legs to stand, a successful company must have all
three attributes: skilled people, strong external relationships, and sufficient capital.

The MBA, Finance, and Your Career

"To be successful, a company must meet its first goal—the identification, creation, and
delivery of highly valued products and services. This requires that it possess all three
of the key attributes. Therefore, it’s not surprising that most of your MBA courses are
directly related to these attributes. For example, courses in economics, communica-
tion, strategy, organizational behavior, and human resources should prepare you for a
leadership role and enable you to effectively manage your company’s work force.
Other courses, such as marketing, operations management, and information technol-
ogy are designed to develop your knowledge of specific disciplines, enabling you to
develop the efficient business processes and strong external relationships your com-
pany needs. Portions of this corporate finance course will address raising the capital
your company needs to implement its plans. In particular, the finance course will en-
able you to forecast your company’s funding requirements and then describe strate-
gies for acquiring the necessary capital. In short, your MBA courses will give you the
skills to help a company achieve its first goal—producing goods and services that cus-
tomers want.

Recall, though, that it’s not enough just to have highly valued products and satis-
fied customers. Successful companies must also meet their second goal, which is to
generate enough cash to compensate the investors who provided the necessary capital.
"To help your company accomplish this second goal, you must be able to evaluate any
proposal, whether it relates to marketing, production, strategy, or any other area, and
implement only the projects that add value for your investors. For this, you must have
expertise in finance, no matter what your major is. Thus, corporate finance is a critical
part of an MBA education and will help you throughout your career.

What are the goals of successful companies?
What are the three key attributes common to all successful companies?

How does expertise in corporate finance help a company become successful?

How Are Companies Organized?

There are three main forms of business organization: (1) sole proprietorships, (2)
partnerships, and (3) corporations. In terms of numbers, about 80 percent of busi-
nesses are operated as sole proprietorships, while most of the remainder are divided
equally between partnerships and corporations. Based on dollar value of sales, how-
ever, about 80 percent of all business is conducted by corporations, about 13 percent
by sole proprietorships, and about 7 percent by partnerships and hybrids. Because
most business is conducted by corporations, we will concentrate on them in this
book. However, it is important to understand the differences among the various
forms.

Sole Proprietorship

A sole proprietorship is an unincorporated business owned by one individual. Going
into business as a sole proprietor is easy—one merely begins business operations.
However, even the smallest business normally must be licensed by a governmental
unit.
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The proprietorship has three important advantages: (1) It is easily and inexpen-
sively formed, (2) it is subject to few government regulations, and (3) the business
avoids corporate income taxes.

The proprietorship also has three important limitations: (1) It is difficult for a
proprietorship to obtain large sums of capital; (2) the proprietor has unlimited per-
sonal liability for the business’s debts, which can result in losses that exceed the
money he or she invested in the company; and (3) the life of a business organized as a
proprietorship is limited to the life of the individual who created it. For these three
reasons, sole proprietorships are used primarily for small-business operations. How-
ever, businesses are frequently started as proprietorships and then converted to cor-
porations when their growth causes the disadvantages of being a proprietorship to
outweigh the advantages.

Partnership

A partnership exists whenever two or more persons associate to conduct a non-
corporate business. Partnerships may operate under different degrees of formality,
ranging from informal, oral understandings to formal agreements filed with the secre-
tary of the state in which the partnership was formed. The major advantage of a part-
nership is its low cost and ease of formation. The disadvantages are similar to those as-
sociated with proprietorships: (1) unlimited liability, (2) limited life of the
organization, (3) difficulty transferring ownership, and (4) difficulty raising large
amounts of capital. The tax treatment of a partnership is similar to that for propri-
etorships, but this is often an advantage, as we demonstrate in Chapter 9.

Regarding liability, the partners can potentially lose all of their personal assets,
even assets not invested in the business, because under partnership law, each partner is
liable for the business’s debts. Therefore, if any partner is unable to meet his or her
pro rata liability in the event the partnership goes bankrupt, the remaining partners
must make good on the unsatisfied claims, drawing on their personal assets to the ex-
tent necessary. Today (2002), the partners of the national accounting firm Arthur
Andersen, a huge partnership facing lawsuits filed by investors who relied on faulty
Enron audit statements, are learning all about the perils of doing business as a
partnership. Thus, a Texas partner who audits a business that goes under can bring
ruin to a millionaire New York partner who never went near the client company.

The first three disadvantages—unlimited liability, impermanence of the organiza-
tion, and difficulty of transferring ownership—Iead to the fourth, the difficulty partner-
ships have in attracting substantial amounts of capital. This is generally not a problem
for a slow-growing business, but if a business’s products or services really catch on, and
ifit needs to raise large sums of money to capitalize on its opportunities, the difficulty in
attracting capital becomes a real drawback. Thus, growth companies such as Hewlett-
Packard and Microsoft generally begin life as a proprietorship or partnership, but at
some point their founders find it necessary to convert to a corporation.

Corporation

A corporation is a legal entity created by a state, and it is separate and distinct from
its owners and managers. This separateness gives the corporation three major advan-
tages: (1) Unlimited life. A corporation can continue after its original owners and man-
agers are deceased. (2) Easy transferability of ownership interest. Ownership interests can
be divided into shares of stock, which, in turn, can be transferred far more easily than
can proprietorship or partnership interests. (3) Limited liability. Losses are limited to
the actual funds invested. To illustrate limited liability, suppose you invested $10,000
in a partnership that then went bankrupt owing $1 million. Because the owners are
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liable for the debts of a partnership, you could be assessed for a share of the company’s
debt, and you could be held liable for the entire $1 million if your partners could not
pay their shares. Thus, an investor in a partnership is exposed to unlimited liability.
On the other hand, if you invested $10,000 in the stock of a corporation that then
went bankrupt, your potential loss on the investment would be limited to your
$10,000 investment.' These three factors—unlimited life, easy transferability of own-
ership interest, and limited liability—make it much easier for corporations than for
proprietorships or partnerships to raise money in the capital markets.

The corporate form offers significant advantages over proprietorships and part-
nerships, but it also has two disadvantages: (1) Corporate earnings may be subject to
double taxation—the earnings of the corporation are taxed at the corporate level, and
then any earnings paid out as dividends are taxed again as income to the stockholders.
(2) Setting up a corporation, and filing the many required state and federal reports, is
more complex and time-consuming than for a proprietorship or a partnership.

A proprietorship or a partnership can commence operations without much paper-
work, butsetting up a corporation requires that the incorporators prepare a charterand a
set of bylaws. Although personal computer software that creates charters and bylaws is
now available, a lawyer is required if the fledgling corporation has any nonstandard fea-
tures. The charter includes the following information: (1) name of the proposed corpo-
ration, (2) types of activities it will pursue, (3) amount of capital stock, (4) number of di-
rectors, and (5) names and addresses of directors. The charter is filed with the secretary of
the state in which the firm will be incorporated, and when itis approved, the corporation
is officiallyin existence.” Then, after the corporation is in operation, quarterly and annual
employment, financial, and tax reports must be filed with state and federal authorities.

The bylaws are a set of rules drawn up by the founders of the corporation. In-
cluded are such points as (1) how directors are to be elected (all elected each year, or
perhaps one-third each year for three-year terms); (2) whether the existing stockhold-
ers will have the first right to buy any new shares the firm issues; and (3) procedures
for changing the bylaws themselves, should conditions require it.

The value of any business other than a very small one will probably be maximized
if it is organized as a corporation for these three reasons:

1. Limited liability reduces the risks borne by investors, and, other things held con-
stant, the lower the firm’s visk, the bigher its value.

2. A firm’s value depends on its growth opportunities, which, in turn, depend on the
firm’s ability to attract capital. Because corporations can attract capital more easily
than unincorporated businesses, they are better able to take advantage of growth
opportunities.

3. The value of an asset also depends on its /iguidity, which means the ease of selling
the asset and converting it to cash at a “fair market value.” Because the stock of a
corporation is much more liquid than a similar investment in a proprietorship or
partnership, this too enhances the value of a corporation.

As we will see later in the chapter, most firms are managed with value maximization in
mind, and this, in turn, has caused most large businesses to be organized as corpora-
tions. However, a very serious problem faces the corporation’s stockholders, who are
its owners. What is to prevent managers from acting in their own best interests, rather

'In the case of small corporations, the limited liability feature is often a fiction, because bankers and other
lenders frequently require personal guarantees from the stockholders of small, weak businesses.

*Note that more than 60 percent of major U.S. corporations are chartered in Delaware, which has, over the
years, provided a favorable legal environment for corporations. It is not necessary for a firm to be head-
quartered, or even to conduct operations, in its state of incorporation.
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than in the best interests of the owners? This is called an agency problem, because
managers are hired as agents to act on behalf of the owners. We will have much more
to say about agency problems in Chapters 12 and 13.

Hybrid Forms of Organization

Although the three basic types of organization—proprietorships, partnerships, and
corporations—dominate the business scene, several hybrid forms are gaining popular-
ity. For example, there are some specialized types of partnerships that have somewhat
different characteristics than the “plain vanilla” kind. First, it is possible to limit the li-
abilities of some of the partners by establishing a limited partnership, wherein cer-
tain partners are designated general partners and others limited partners. In a lim-
ited partnership, the limited partners are liable only for the amount of their invest-
ment in the partnership, while the general partners have unlimited liability. However,
the limited partners typically have no control, which rests solely with the general
partners, and their returns are likewise limited. Limited partnerships are common in
real estate, oil, and equipment leasing ventures. However, they are not widely used in
general business situations because no one partner is usually willing to be the general
partner and thus accept the majority of the business’ risk, while the would-be limited
partners are unwilling to give up all control.

The limited liability partnership (LLP), sometimes called a limited liability
company (LLC), is a relatively new type of partnership that is now permitted in many
states. In both regular and limited partnerships, at least one partner is liable for the
debts of the partnership. However, in an LLP, all partners enjoy limited liability with
regard to the business’ liabilities, so in that regard they are similar to shareholders in
a corporation. In effect, the LLP combines the limited liability advantage of a corpo-
ration with the tax advantages of a partnership. Of course, those who do business with
an LLP as opposed to a regular partnership are aware of the situation, which increases
the risk faced by lenders, customers, and others who deal with the LLP.

There are also several different types of corporations. One that is common
among professionals such as doctors, lawyers, and accountants is the professional
corporation (PC), or in some states, the professional association (PA). All 50
states have statutes that prescribe the requirements for such corporations, which
provide most of the benefits of incorporation but do not relieve the participants of
professional (malpractice) liability. Indeed, the primary motivation behind the pro-
fessional corporation was to provide a way for groups of professionals to incorporate
and thus avoid certain types of unlimited liability, yet still be held responsible for
professional liability.

Finally, note thatif certain requirements are met, particularly with regard to size and
number of stockholders, one (or more) individuals can establish a corporation but elect
to be taxed as if the business were a proprietorship or partnership. Such firms, which dif-
fer not in organizational form but only in how their owners are taxed, are called S cor-
porations. Although S corporations are similar in many ways to limited liability part-
nerships, LLPs frequently offer more flexibility and benefits to their owners, and this is
causing many S corporation businesses to convert to the LLP organizational form.

What are the key differences between sole proprietorships, partnerships, and
corporations?

Explain why the value of any business other than a very small one will probably
be maximized if it is organized as a corporation.

Identify the hybrid forms of organization discussed in the text, and explain the
differences among them.
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The Primary Objective of the Corporation
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Shareholders are the owners of a corporation, and they purchase stocks because they
want to earn a good return on their investment without undue risk exposure. In most
cases, shareholders elect directors, who then hire managers to run the corporation on
a day-to-day basis. Because managers are supposed to be working on behalf of share-
holders, it follows that they should pursue policies that enhance shareholder value.
Consequently, throughout this book we operate on the assumption that management’s
primary objective is stockholder wealth maximization, which translates into mzaxi-
mizing the price of the firm’s common stock. Firms do, of course, have other objectives—
in particular, the managers who make the actual decisions are interested in their own
personal satisfaction, in their employees’ welfare, and in the good of the community
and of society at large. Still, for the reasons set forth in the following sections, stock
price maximization is the most important objective for most corporations.

Stock Price Maximization and Social Welfare

If a firm attempts to maximize its stock price, is this good or bad for society? In gen-
eral, it is good. Aside from such illegal actions as attempting to form monopolies, vio-
lating safety codes, and failing to meet pollution requirements, the same actions that
maximize stock prices also benefit society. Here are some of the reasons:

1. To a large extent, the owners of stock are society. Seventy-five years ago this
was not true, because most stock ownership was concentrated in the hands of a rel-
atively small segment of society, comprised of the wealthiest individuals. Since
then, there has been explosive growth in pension funds, life insurance companies,
and mutual funds. These institutions now own more than 57 percent of all stock. In
addition, more than 48 percent of all U.S. households now own stock directly, as
compared with only 32.5 percent in 1989. Moreover, most people with a retire-
ment plan have an indirect ownership interest in stocks. Thus, most members of
society now have an important stake in the stock market, either directly or indi-
rectly. Therefore, when a manager takes actions to maximize the stock price, this
improves the quality of life for millions of ordinary citizens.

2. Consumers benefit. Stock price maximization requires efficient, low-cost busi-
nesses that produce high-quality goods and services at the lowest possible cost.
This means that companies must develop products and services that consumers
want and need, which leads to new technology and new products. Also, companies
that maximize their stock price must generate growth in sales by creating value for
customers in the form of efficient and courteous service, adequate stocks of mer-
chandise, and well-located business establishments.

People sometimes argue that firms, in their efforts to raise profits and stock
prices, increase product prices and gouge the public. In a reasonably competitive
economy, which we have, prices are constrained by competition and consumer re-
sistance. If a firm raises its prices beyond reasonable levels, it will simply lose its
market share. Even giant firms such as General Motors lose business to Japanese
and German firms, as well as to Ford and Chrysler, if they set prices above the level
necessary to cover production costs plus a “normal” profit. Of course, firms want to
earn more, and they constantly try to cut costs, develop new products, and so on,
and thereby earn above-normal profits. Note, though, that if they are indeed suc-
cessful and do earn above-normal profits, those very profits will attract competition,
which will eventually drive prices down, so again, the main long-term beneficiary is
the consumer.
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3. Employees benefit. There are cases in which a stock increases when a company
announces a plan to lay off employees, but viewed over time this is the exception
rather than the rule. In general, companies that successtully increase stock prices
also grow and add more employees, thus benefiting society. Note too that many
governments across the world, including U.S. federal and state governments, are
privatizing some of their state-owned activities by selling these operations to in-
vestors. Perhaps not surprisingly, the sales and cash flows of recently privatized
companies generally improve. Moreover, studies show that these newly privatized
companies tend to grow and thus require more employees when they are managed
with the goal of stock price maximization.

Each year Fortune magazine conducts a survey of managers, analysts, and other
knowledgeable people to determine the most admired companies. One of Fortune’s
key criteria is a company’s ability to attract, develop, and retain talented people.
The results consistently show that there are high correlations among a company’s
being admired, its ability to satisfy employees, and its creation of value for share-
holders. Employees find that it is both fun and financially rewarding to work for
successful companies. So, successful companies get the cream of the employee
crop, and skilled, motivated employees are one of the keys to corporate success.

Managerial Actions to Maximize Shareholder Wealth

What types of actions can managers take to maximize a firm’s stock price? To answer
this question, we first need to ask, “What determines stock prices?” In a nutshell, it is
a company’s ability to generate cash flows now and in the future.

While we will address this issue in detail in Chapter 12, we can lay out three basic
facts here: (1) Any financial asset, including a company’s stock, is valuable only to the
extent that it generates cash flows; (2) the timing of cash flows matters—cash received
sooner is better, because it can be reinvested in the company to produce additional in-
come or else be returned to investors; and (3) investors generally are averse to risk, so
all else equal, they will pay more for a stock whose cash flows are relatively certain
than for one whose cash flows are more risky. Because of these three facts, managers
can enhance their firms’ stock prices by increasing the size of the expected cash flows,
by speeding up their receipt, and by reducing their risk.

The three primary determinants of cash flows are (1) unit sales, (2) after-tax op-
erating margins, and (3) capital requirements. The first factor has two parts, the cur-
rent level of sales and their expected future growth rate. Managers can increase sales,
hence cash flows, by truly understanding their customers and then providing the
goods and services that customers want. Some companies may luck into a situation
that creates rapid sales growth, but the unfortunate reality is that market saturation
and competition will, in the long term, cause their sales growth rate to decline to a
level that is limited by population growth and inflation. Therefore, managers must
constantly strive to create new products, services, and brand identities that cannot be
easily replicated by competitors, and thus to extend the period of high growth for as
long as possible.

The second determinant of cash flows is the amount of after-tax profit that the
company can keep after it has paid its employees and suppliers. One possible way to
increase operating profit is to charge higher prices. However, in a competitive econ-
omy such as ours, higher prices can be charged only for products that meet the needs
of customers better than competitors’ products.

Another way to increase operating profit is to reduce direct expenses such as labor
and materials. However, and paradoxically, sometimes companies can create even
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higher profit by spending #zore on labor and materials. For example, choosing the
lowest-cost supplier might result in using poor materials that lead to costly production
problems. Therefore, managers should understand supply chain management, which
often means developing long-term relationships with suppliers. Similarly, increased
employee training adds to costs, but it often pays off through increased productivity
and lower turnover. Therefore, the human resources staff can have a huge impact on op-
erating profits.

The third factor affecting cash flows is the amount of money a company must in-
vest in plant and equipment. In short, it takes cash to create cash. For example, as a
part of their normal operations, most companies must invest in inventory, machines,
buildings, and so forth. But each dollar tied up in operating assets is a dollar that the
company must “rent” from investors and pay for by paying interest or dividends.
Therefore, reducing asset requirements tends to increase cash flows, which increases
the stock price. For example, companies that successfully implement just-in-time in-
ventory systems generally increase their cash flows, because they have less cash tied up
in inventory.

As these examples indicate, there are many ways to improve cash flows. All of them
require the active participation of many departments, including marketing, engineer-
ing, and logistics. One of the financial manager’s roles is to show others how their ac-
tions will affect the company’s ability to generate cash flow.

Financial managers also must decide how to finance the firm: What mix of debt and
equity should be used, and what specific types of debt and equity securities should be
issued? Also, what percentage of current earnings should be retained and reinvested
rather than paid out as dividends?

Each of these investment and financing decisions is likely to affect the level, tim-
ing, and risk of the firm’s cash flows, and, therefore, the price of its stock. Naturally,
managers should make investment and financing decisions that are designed to maxi-
mize the firm’s stock price.

Although managerial actions affect stock prices, stocks are also influenced by such
external factors as legal constraints, the general level of economic activity, tax laws, in-
terest rates, and conditions in the stock market. See Figure 1-1. Working within the set
of external constraints shown in the box at the extreme left, management makes a set of

Summary of Major Factors Affecting Stock Prices

Strategic Policy Decisions Lev_e! of Economic Cond_itionslin
Controlled by Management: Activity and the Financial
Corporate Taxes Markets
1. Types of Products
or Services Produced ¢
2. Production Methods
Used Expected
™ 3. Research and Cash Flows
Development Efforts
4. Relative Use of Debt -
Financing . Timing of L - Stock
5. Dividend Policy Cash Flows / Price
[—— Perceived Risk

of Cash Flows
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Self-Test
Questions

long-run strategic policy decisions that chart a future course for the firm. These policy
decisions, along with the general level of economic activity and the level of corporate
income taxes, influence expected cash flows, their timing, and their perceived risk.
These factors all affect the price of the stock, but so does the overall condition of the fi-
nancial markets.

What is management's primary objective?
How does stock price maximization benefit society?
What three basic factors determine the price of a stock?

What three factors determine cash flows?

The Financial Markets

Businesses, individuals, and governments often need to raise capital. For example,
suppose Carolina Power & Light (CP&L) forecasts an increase in the demand for
electricity in North Carolina, and the company decides to build a new power plant.
Because CP&L almost certainly will not have the $1 billion or so necessary to pay for
the plant, the company will have to raise this capital in the financial markets. Or sup-
pose Mr. Fong, the proprietor of a San Francisco hardware store, decides to expand
into appliances. Where will he get the money to buy the initial inventory of TV sets,
washers, and freezers? Similarly, if the Johnson family wants to buy a home that costs
$100,000, but they have only $20,000 in savings, how can they raise the additional
$80,000°? If the city of New York wants to borrow $200 million to finance a new sewer
plant, or the federal government needs money to meet its needs, they too need access
to the capital markets.

On the other hand, some individuals and firms have incomes that are greater than
their current expenditures, so they have funds available to invest. For example, Carol
Hawk has an income of $36,000, but her expenses are only $30,000, leaving $6,000 to
invest. Similarly, Ford Motor Company has accumulated roughly $16 billion of cash
and marketable securities, which it has available for future investments.

Types of Markets

People and organizations who want to borrow money are brought together with those
with surplus funds in the financial markets. Note that “markets” is plural—there are
a great many different financial markets in a developed economy such as ours. Each
market deals with a somewhat different type of instrument in terms of the instrument’s
maturity and the assets backing it. Also, different markets serve different types of cus-
tomers, or operate in different parts of the country. Here are some of the major types
of markets:

1. Physical asset markets (also called “tangible” or “real” asset markets) are those
for such products as wheat, autos, real estate, computers, and machinery. Financial
asset markets, on the other hand, deal with stocks, bonds, notes, mortgages, and
other financial instruments. All of these instruments are simply pieces of paper
with contractual provisions that entitle their owners to specific rights and claims on
real assets. For example, a corporate bond issued by IBM entitles its owner to a
specific claim on the cash flows produced by IBM’s physical assets, while a share of
IBM stock entitles its owner to a different set of claims on IBM’s cash flows. Unlike
these conventional financial instruments, the contractual provisions of derivatives
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are not direct claims on either real assets or their cash flows. Instead, derivatives are
claims whose values depend on what happens to the value of some other asset. Fu-
tures and options are two important types of derivatives, and their values depend
on what happens to the prices of other assets, say, IBM stock, Japanese yen, or pork
bellies. Therefore, the value of a derivative is derived from the value of an underly-
ing real or financial asset.

. Spot markets and futures markets are terms that refer to whether the assets are
being bought or sold for “on-the-spot” delivery (literally, within a few days) or for
delivery at some future date, such as six months or a year into the future.

. Money markets are the markets for short-term, highly liquid debt securities. The
New York and London money markets have long been the world’s largest, but
‘Tokyo is rising rapidly. Capital markets are the markets for intermediate- or long-
term debt and corporate stocks. The New York Stock Exchange, where the stocks
of the largest U.S. corporations are traded, is a prime example of a capital market.
There is no hard and fast rule on this, but when describing debt markets, “short
term” generally means less than one year, “intermediate term” means one to five
years, and “long term” means more than five years.

. Mortgage markets deal with loans on residential, commercial, and industrial real
estate, and on farmland, while consumer credit markets involve loans on autos
and appliances, as well as loans for education, vacations, and so on.

. World, national, regional, and local markets also exist. Thus, depending on an
organization’s size and scope of operations, it may be able to borrow all around the
world, or it may be confined to a strictly local, even neighborhood, market.

. Primary markets are the markets in which corporations raise new capital. If Micro-
soft were to sell a new issue of common stock to raise capital, this would be a pri-
mary market transaction. The corporation selling the newly created stock receives
the proceeds from the sale in a primary market transaction.

. The initial public offering (IPO) market is a subset of the primary market. Here
firms “go public” by offering shares to the public for the first time. Microsoft had
its IPO in 1986. Previously, Bill Gates and other insiders owned all the shares. In
many IPOs, the insiders sell some of their shares plus the company sells newly cre-
ated shares to raise additional capital.

. Secondary markets are markets in which existing, already outstanding, securities
are traded among investors. Thus, if Jane Doe decided to buy 1,000 shares of
AT&T stock, the purchase would occur in the secondary market. The New York
Stock Exchange is a secondary market, since it deals in outstanding, as opposed to
newly issued, stocks. Secondary markets also exist for bonds, mortgages, and other
financial assets. The corporation whose securities are being traded is not involved
in a secondary market transaction and, thus, does not receive any funds from such
a sale.

. Private markets, where transactions are worked out directly between two parties,
are differentiated from public markets, where standardized contracts are traded
on organized exchanges. Bank loans and private placements of debt with insurance
companies are examples of private market transactions. Since these transactions are
private, they may be structured in any manner that appeals to the two parties. By
contrast, securities that are issued in public markets (for example, common stock
and corporate bonds) are ultimately held by a large number of individuals. Public
securities must have fairly standardized contractual features, both to appeal to a
broad range of investors and also because public investors cannot afford the time to
study unique, nonstandardized contracts. Their diverse ownership also ensures
that public securities are relatively liquid. Private market securities are, therefore,
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more tailor-made but less liquid, whereas public market securities are more liquid
but subject to greater standardization.

Other classifications could be made, but this breakdown is sufficient to show that
there are many types of financial markets. Also, note that the distinctions among mar-
kets are often blurred and unimportant, except as a general point of reference. For ex-
ample, it makes little difference if a firm borrows for 11, 12, or 13 months, hence,
whether we have a “money” or “capital” market transaction. You should recognize the
big differences among types of markets, but don’t get hung up trying to distinguish
them at the boundaries.

A healthy economy is dependent on efficient transfers of funds from people who
are net savers to firms and individuals who need capital. Without efficient transfers,
the economy simply could not function: Carolina Power & Light could not raise cap-
ital, so Raleigh’s citizens would have no electricity; the Johnson family would not have
adequate housing; Carol Hawk would have no place to invest her savings; and so on.
Obviously, the level of employment and productivity, hence our standard of living,
would be much lower. Therefore, it is absolutely essential that our financial markets
function efficiently—not only quickly, but also at a low cost.

Table 1-1 gives a listing of the most important instruments traded in the various fi-
nancial markets. The instruments are arranged from top to bottom in ascending order
of typical length of maturity. As we go through the book, we will look in much more
detail at many of the instruments listed in Table 1-1. For example, we will see that
there are many varieties of corporate bonds, ranging from “plain vanilla” bonds to
bonds that are convertible into common stocks to bonds whose interest payments vary
depending on the inflation rate. Still, the table gives an idea of the characteristics and
costs of the instruments traded in the major financial markets.

Recent Trends

Financial markets have experienced many changes during the last two decades. Tech-
nological advances in computers and telecommunications, along with the globaliza-
tion of banking and commerce, have led to deregulation, and this has increased com-
petition throughout the world. The result is a much more efficient, internationally
linked market, but one that is far more complex than existed a few years ago. While
these developments have been largely positive, they have also created problems for
policy makers. At a recent conference, Federal Reserve Board Chairman Alan
Greenspan stated that modern financial markets “expose national economies to shocks
from new and unexpected sources, and with little if any lag.” He went on to say that
central banks must develop new ways to evaluate and limit risks to the financial sys-
tem. Large amounts of capital move quickly around the world in response to changes
in interest and exchange rates, and these movements can disrupt local institutions and
economies.

With globalization has come the need for greater cooperation among regulators at
the international level. Various committees are currently working to improve coordi-
nation, but the task is not easy. Factors that complicate coordination include (1) the
differing structures among nations’ banking and securities industries, (2) the trend in
Europe toward financial service conglomerates, and (3) a reluctance on the part of in-
dividual countries to give up control over their national monetary policies. Still, regu-
lators are unanimous about the need to close the gaps in the supervision of worldwide
markets.

Another important trend in recent years has been the increased use of derivatives.
The market for derivatives has grown faster than any other market in recent years,
providing corporations with new opportunities but also exposing them to new risks.
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TABLE 1-1 Summary of Major Financial Instruments
Original Interest Rates
Instrument Major Participants Risk Maturity on 9/27/01*
U.S. Treasury Sold by U.S. Treasury Default-free 91 days to 1 year 2.3%
bills
Banker's A firm’s promise to pay, Low if strong Up to 180 days 2.6
acceptances guaranteed by a bank bank guarantees
Commercial Issued by financially secure Low default risk Up to 270 days 24
paper firms to large investors
Negotiable Issued by major Depends on Up to 1 year 2.5
certificates of banks to large investors strength of issuer
deposit (CDs)
Money market Invest in short-term debt; Low degree of risk No specific 3.2
mutual funds held by individuals and maturity
businesses (instant liquidity)
Eurodollar market Issued by banks outside U.S. Depends on Up to 1 year 2.5
time deposits strength of issuer
Consumer credit Loans by banks/credit Risk is variable Variable Variable
loans unions/finance companies
Commercial Loans by banks Depends on Up to 7 years Tied to prime
loans to corporations borrower rate (6.0%) or
LIBOR (2.6%)"
U.S. Treasury Issued by U.S. government No default risk, but 2 to 30 years 55
notes and price falls if interest
bonds rates rise
Mortgages Loans secured by property Risk is variable Up to 30 years 6.8
Municipal Issued by state and local Riskier than U.S. Up to 30 years 5.1
bonds governments to government bonds,
individuals and but exempt from
institutions most taxes
Corporate bonds Issued by corporations to Riskier than U.S. Up to 40 years® 7.2
individuals and government debt;
institutions depends on
strength of issuer
Leases Similar to debt; firms Risk similar to Generally 3 to Similar to
lease assets rather than corporate bonds 20 years bondyields
borrow and then buy them
Preferred stocks Issued by corporations to Riskier than corporate Unlimited 7 to 9%
individuals and institutions bonds
Common stocks® Issued by corporations to Riskier than Unlimited 10to 15%

individuals and institutions

preferred stocks

?Data are from The Wall Street Journal (http://interactive.wsj.com/documents/rates.htm) or the Federal Reserve Statistical Release, http://www.federal

reserve.gov/releases/H15/update. Money market rates assume a 3-month maturity. The corporate bond rate is for AAA-rated bonds.

BJust recently, a few corporations have issued 100-year bonds; however, the majority have issued bonds with maturities less than 40 years.

“Common stocks are expected to provide a “return” in the form of dividends and capital gains rather than interest. Of course, if you buy a stock, your
actual return may be considerably higher or lower than your expected return. For example, Nasdagq stocks on average provided a return of about —39
percent in 2000, but that was well below the return most investors expected.
“The prime rate is the rate U.S. banks charge to good customers. LIBOR (London Interbank Offered Rate) is the rate that U.K. banks charge one another.

Derivatives can be used either to reduce risks or to speculate. As an example of a risk-
reducing usage, suppose an importer’s net income tends to fall whenever the dollar
falls relative to the yen. That company could reduce its risk by purchasing derivatives
that increase in value whenever the dollar declines. This would be called a hedging op-
eration, and its purpose is to reduce risk exposure. Speculation, on the other hand, is
done in the hope of high returns, but it raises risk exposure. For example, Procter &
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Gamble lost $150 million on derivative investments, and Orange County (California)
went bankrupt as a result of its treasurer’s speculation in derivatives.

The size and complexity of derivatives transactions concern regulators, academics,
and members of Congress. Fed Chairman Greenspan noted that, in theory, deriva-
tives should allow companies to manage risk better, but that it is not clear whether re-
cent innovations have “increased or decreased the inherent stability of the financial
system.”

Another major trend involves stock ownership patterns. The number of individu-
als who have a stake in the stock market is increasing, but the percentage of corpo-
rate shares owned by individuals is decreasing. How can both of these two statements
be true? The answer has to do with institutional versus individual ownership of
shares. Although more than 48 percent of all U.S. households now have investments
in the stock market, more than 57 percent of all stock is now owned by pension
funds, mutual funds, and life insurance companies. Thus, more and more individuals
are investing in the market, but they are doing so indirectly, through retirement
plans and mutual funds. In any event, the performance of the stock market now has a
greater effect on the U.S. population than ever before. Also, the direct ownership of
stocks is being concentrated in institutions, with professional portfolio managers
making the investment decisions and controlling the votes. Note too that if a fund
holds a high percentage of a given corporation’s shares, it would probably depress
the stock’s price if it tried to sell out. Thus, to some extent, the larger institutions are
“locked into” many of the shares they own. This has led to a phenomenon called
relationship investing, where portfolio managers think of themselves as having an
active, long-term relationship with their portfolio companies. Rather than being
passive investors who “vote with their feet,” they are taking a much more active role
in trying to force managers to behave in a manner that is in the best interests of
shareholders.

Self-Test Distinguish between: (1) physical asset markets and financial asset markets; (2)
Q #i spot and futures markets; (3) money and capital markets; (4) primary and sec-
uestions ondary markets; and (5) private and public markets.
What are derivatives, and how is their value related to that of an “underlying
asset”?

What is relationship investing?

Financial Institutions

Transfers of capital between savers and those who need capital take place in the three
different ways diagrammed in Figure 1-2:

1. Direct transfers of money and securities, as shown in the top section, occur when a
business sells its stocks or bonds directly to savers, without going through any type
of financial institution. The business delivers its securities to savers, who in turn
give the firm the money it needs.

2. As shown in the middle section, transfers may also go through an investment bank-
ing house such as Merrill Lynch, which underwrites the issue. An underwriter serves
as a middleman and facilitates the issuance of securities. The company sells its
stocks or bonds to the investment bank, which in turn sells these same securities to
savers. The businesses’ securities and the savers’ money merely “pass through” the
investment banking house. However, the investment bank does buy and hold the



An Overview of Corporate Finance and the Financial Environment

securities for a period of time, so it is taking a risk—it may not be able to resell
them to savers for as much as it paid. Because new securities are involved and the
corporation receives the proceeds of the sale, this is a primary market transaction.

3. Transfers can also be made through a financial intermediary such as a bank or mu-
tual fund. Here the intermediary obtains funds from savers in exchange for its own
securities. The intermediary then uses this money to purchase and then hold busi-
nesses’ securities. For example, a saver might give dollars to a bank, receiving from
it a certificate of deposit, and then the bank might lend the money to a small busi-
ness in the form of a mortgage loan. Thus, intermediaries literally create new
forms of capital—in this case, certificates of deposit, which are both safer and more
liquid than mortgages and thus are better securities for most savers to hold. The
existence of intermediaries greatly increases the efficiency of money and capital
markets.

In our example, we assume that the entity needing capital is a business, and specifically
a corporation, but it is easy to visualize the demander of capital as a home purchaser, a
government unit, and so on.

Direct transfers of funds from savers to businesses are possible and do occur on oc-
casion, butitis generally more efficient for a business to enlist the services of an invest-
ment banking house such as Merrill Lynch, Salomon Smith Barney, Morgan Stanley,
or Goldman Sachs. Such organizations (1) help corporations design securities with fea-
tures that are currently attractive to investors, (2) then buy these securities from the
corporation, and (3) resell them to savers. Although the securities are sold twice, this
process is really one primary market transaction, with the investment banker acting as a
facilitator to help transfer capital from savers to businesses.

The financial intermediaries shown in the third section of Figure 1-2 do more
than simply transfer money and securities between firms and savers—they literally
create new financial products. Since the intermediaries are generally large, they
gain economies of scale in analyzing the creditworthiness of potential borrowers, in

FIGURE 1-2 . Diagram of the Capital Formation Process
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3. Indirect Transfers through a Financial Intermediary
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Securities Securities
n Financial
Business Savers
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processing and collecting loans, and in pooling risks and thus helping individual
savers diversify, that is, “not putting all their financial eggs in one basket.” Further, a
system of specialized intermediaries can enable savings to do more than just draw
interest. For example, individuals can put money into banks and get both interest
income and a convenient way of making payments (checking), or put money into
life insurance companies and get both interest income and protection for their
beneficiaries.

In the United States and other developed nations, a set of specialized, highly effi-
cient financial intermediaries has evolved. The situation is changing rapidly, however,
and different types of institutions are performing services that were formerly reserved
for others, causing institutional distinctions to become blurred. Still, there is a degree
of institutional identity, and here are the major classes of intermediaries:

1. Commercial banks, the traditional “department stores of finance,” serve a wide
variety of savers and borrowers. Historically, commercial banks were the major in-
stitutions that handled checking accounts and through which the Federal Reserve
System expanded or contracted the money supply. Today, however, several other
institutions also provide checking services and significantly influence the money
supply. Conversely, commercial banks are providing an ever-widening range of ser-
vices, including stock brokerage services and insurance.

Note that commercial banks are quite different from investment banks. Com-
mercial banks lend money, whereas investment banks help companies raise capital
from other parties. Prior to 1933, commercial banks offered investment banking
services, but the Glass-Steagall Act, which was passed in 1933, prohibited commer-
cial banks from engaging in investment banking. Thus, the Morgan Bank was bro-
ken up into two separate organizations, one of which became the Morgan Guar-
anty Trust Company, a commercial bank, while the other became Morgan Stanley,
a major investment banking house. Note also that Japanese and European banks
can offer both commercial and investment banking services. This hindered U.S.
banks in global competition, so in 1999 Congress basically repealed the Glass-
Steagall Act. Then, U.S. commercial and investment banks began merging with
one another, creating such giants as Citigroup and J.P. Morgan Chase.

2. Savings and loan associations (S&Ls), which have traditionally served individual
savers and residential and commercial mortgage borrowers, take the funds of many
small savers and then lend this money to home buyers and other types of borrow-
ers. Because the savers obtain a degree of liquidity that would be absent if they
made the mortgage loans directly, perhaps the most significant economic function
of the S&Ls is to “create liquidity” which would otherwise be lacking. Also, the
S&Ls have more expertise in analyzing credit, setting up loans, and making collec-
tions than individual savers, so S&Ls can reduce the costs of processing loans,
thereby increasing the availability of real estate loans. Finally, the S&Ls hold large,
diversified portfolios of loans and other assets and thus spread risks in a manner
that would be impossible if small savers were making mortgage loans directly. Be-
cause of these factors, savers benefit by being able to invest in more liquid, better
managed, and less risky assets, whereas borrowers benefit by being able to obtain
more capital, and at a lower cost, than would otherwise be possible.

In the 1980s, the S&L industry experienced severe problems when (1) short-
term interest rates paid on savings accounts rose well above the returns being
earned on the existing mortgages held by S&Ls and (2) commercial real estate suf-
fered a severe slump, resulting in high mortgage default rates. Together, these
events forced many S&Ls to either merge with stronger institutions or close
their doors.
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. Mutual savings banks, which are similar to S&Ls, operate primarily in the north-
eastern states, accept savings primarily from individuals, and lend mainly on a
long-term basis to home buyers and consumers.

. Credit unions are cooperative associations whose members are supposed to have a
common bond, such as being employees of the same firm. Members’ savings are
loaned only to other members, generally for auto purchases, home improvement
loans, and home mortgages. Credit unions are often the cheapest source of funds
available to individual borrowers.

. Life insurance companies take savings in the form of premiums; invest these
funds in stocks, bonds, real estate, and mortgages; and finally make payments to the
beneficiaries of the insured parties. In recent years, life insurance companies have
also offered a variety of tax-deferred savings plans designed to provide benefits to
the participants when they retire.

. Mutual funds are corporations that accept money from savers and then use these
funds to buy stocks, long-term bonds, or short-term debt instruments issued by
businesses or government units. These organizations pool funds and thus reduce
risks by diversification. They also achieve economies of scale in analyzing securi-
ties, managing portfolios, and buying and selling securities. Different funds are de-
signed to meet the objectives of different types of savers. Hence, there are bond
funds for those who desire safety, stock funds for savers who are willing to accept
significant risks in the hope of higher returns, and still other funds that are used as
interest-bearing checking accounts (the money market funds). There are literally
thousands of different mutual funds with dozens of different goals and purposes.

. Pension funds are retirement plans funded by corporations or government agen-
cies for their workers and administered generally by the trust departments of com-
mercial banks or by life insurance companies. Pension funds invest primarily in
bonds, stocks, mortgages, and real estate.

Changes in the structure of pension plans over the last decade have had a pro-
found effect on both individuals and financial markets. Historically, most large cor-
porations and governmental units used defined benefit plans to provide for their
employees’ retirement. In a defined benefit plan, the employer guarantees the level
of benefits the employee will receive when he or she retires, and it is the employer’s
responsibility to invest funds to ensure that it can meet its obligations when its em-
ployees retire. Under a defined benefit plan, employees have little or no say about
how the money in the pension plan is invested—this decision is made by the cor-
porate employer. Note that employers, not employees, bear the risk that invest-
ments held by a defined benefit plan will not perform well.

In recent years many companies (including virtually all new companies, espe-
cially those in the rapidly growing high-tech sector) have begun to use defined
contribution plans, under which employers make specified, or defined, payments
into the plan. Then, when the employee retires, his or her pension benefits are de-
termined by the amount of assets in the plan. Therefore, in a defined contribution
plan the employee has the responsibility for making investment decisions and bears
the risks inherent in investments.

The most common type of defined contribution plan is the 401(k) plan, named
after the section in the federal act that established the legal basis for the plan. Gov-
ernmental units, including universities, can use 403(b) plans, which operate
essentially like 401(k) plans. In all of these plans, employees must choose from a
set of investment alternatives. Typically, the employer agrees to make some “de-
fined contribution” to the plan, and the employee can also make a supplemental
payment. Then, the employer contracts with an insurance company plus one or
more mutual fund companies, and then employees choose among investments
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Mutual Fund Mania

Americans love mutual funds. Just over ten years ago, Amer-
icans had invested about $810 billion in mutual funds, which
is not exactly chicken feed. Today, however, they have more
than $5 trillion in mutual funds!

Not only has the amount of money invested in mutual
funds skyrocketed, but the variety of funds is astounding.
Thirty years ago there were just a few types of mutual funds.
You could buy a growth fund (composed of stocks that paid
low dividends but that had been growing rapidly), income
funds (primarily composed of stocks that paid high divi-
dends), or a bond fund. Now you can buy funds that special-
ize in virtually any type of asset. There are funds that own
stocks only from a particular industry, a particular continent,
or a particular country, and money market funds that invest
only in Treasury bills and other short-term securities. There
are funds that have municipal bonds from only one state.
You can buy socially conscious funds that refuse to own
stocks of companies that pollute, sell tobacco products, or
have work forces that are not culturally diverse. You can buy

“market neutral funds,” which sell some stocks short, invest
in other stocks, and promise to do well no matter which way
the market goes. There is the Undiscovered Managers Be-
havioral fund that picks stocks by psychoanalyzing Wall
Street analysts. And then there is the Tombstone fund that
owns stocks only from the funeral industry.

How many funds are there? One urban myth is that there
are more funds than stocks. But that includes bond funds,
money market funds, and funds that invest in non-U.S.
stocks. It also includes “flavors” of the same fund. For exam-
ple, some funds allow you to buy different “share classes” of
a single fund, with each share class having different fee
structures. So even though there are at least 10,000 different
funds of all types, there are only about 2,000 U.S. equity
mutual funds. Still, that’s a lot of funds, since there are only
about 8,000 regularly traded U.S. stocks.

Sources: “The Many New Faces of Mutual Funds,” Fortune, July 6, 1998,
217-218; “Street Myths,” Fortune, May 24, 1999, 320.

ranging from “guaranteed investment contracts” to government bond funds to do-
mestic corporate bond and stock funds to international stock and bond funds. Un-
der most plans, the employees can, within certain limits, shift their investments
from category to category. Thus, if someone thinks the stock market is currently
overvalued, he or she can tell the mutual fund to move the money from a stock
fund to a money market fund. Similarly, employees may choose to gradually shift
from 100 percent stock to a mix of stocks and bonds as they grow older.

These changes in the structure of pension plans have had two extremely impor-
tant effects. First, individuals must now make the primary investment decisions for
their pension plans. Because such decisions can mean the difference between a
comfortable retirement and living on the street, it is important that people covered
by defined contribution plans understand the fundamentals of investing. Second,
whereas defined benefit plan managers typically invest in individual stocks and
bonds, most individuals invest 401(k) money through mutual funds. Since 401(k)
defined contribution plans are growing rapidly, the result is rapid growth in the
mutual fund industry. This, in turn, has implications for the security markets, and
for businesses that need to attract capital.

Financial institutions have historically been heavily regulated, with the primary
purpose of this regulation being to ensure the safety of the institutions and thus to
protect investors. However, these regulations—which have taken the form of prohibi-
tions on nationwide branch banking, restrictions on the types of assets the institutions
can buy, ceilings on the interest rates they can pay, and limitations on the types of ser-
vices they can provide—tended to impede the free flow of capital and thus hurt the



TABLE 1-2

PANEL A

U.S. Bank Holding Companies®

Citigroup Inc.

J.P. Morgan Chase
Bank of America
Wells Fargo & Co.
Bank One

Metlife Inc

First Union
FleetBoston Financial
U.S. Bancorp
SunTrust Banks Inc.

Notes:
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Ten Largest U.S. Bank Holding Companies and World Banking Companies,
and Top Ten Leading Underwriters

PANEL B

World Banking Companies®

Deutsche Bank, Frankfurt
Citigroup, New York

BNP Paribas, Paris

Bank of Tokyo-Mitsubishi, Tokyo

Bank of America, Charlotte, N.C.

UBS, Zurich

HSBC Holdings, London
Fuji Bank, Tokyo
Sumitomo Bank, Osaka

PANEL C

Leading Underwriters®

Merrill Lynch & Co.
Salomon Smith Barney®
Morgan Stanley

Credit Suisse First Boston
J.P. Morgan

Goldman Sachs
Deutsche Bank

Lehman Brothers

UBS Wartburg

Bayerische Hypo Vereinsbank, Munich Bank of America Securities

°Ranked by total assets as of December 31, 2000; see http://www.americanbanker.com.
Ranked by total assets as of December 31, 1999; see http://www.financialservicefacts.org/inter__fr.html.
“Ranked by dollar amount raised through new issues in 2000; see The Wall Street Journal, January 2, 2001, R19.

9Owned by Citigroup.

Self-Test
Questions

efficiency of our capital markets. Recognizing this fact, Congress has authorized some
major changes, and more are on the horizon.

The result of the ongoing regulatory changes has been a blurring of the distinc-
tions between the different types of institutions. Indeed, the trend in the United States
today is toward huge financial service corporations, which own banks, S&Ls, in-
vestment banking houses, insurance companies, pension plan operations, and mutual
funds, and which have branches across the country and around the world. Examples of
financial service corporations, most of which started in one area but have now diversi-
fied to cover most of the financial spectrum, include Merrill Lynch, American Ex-
press, Citigroup, Fidelity, and Prudential.

Panel a of Table 1-2 lists the ten largest U.S. bank holding companies, and Panel b
shows the leading world banking companies. Among the world’s ten largest, only two
(Citigroup and Bank of America) are from the United States. While U.S. banks have
grown dramatically as a result of recent mergers, they are still small by global stan-
dards. Panel c of the table lists the ten leading underwriters in terms of dollar volume
of new issues. Six of the top underwriters are also major commercial banks or are part
of bank holding companies, which confirms the continued blurring of distinctions
among different types of financial institutions.

Identify three ways capital is transferred between savers and
borrowers.

What is the difference between a commercial bank and an investment
bank?

Distinguish between investment banking houses and financial
intermediaries.

List the major types of intermediaries and briefly describe the primary
function of each.

19



20

An Overview of Corporate Finance and the Financial Environment

Online Trading Systems

The forces that led to online trading have also promoted on-
line trading systems that bypass the traditional exchanges.
These systems, known as electronic communications net-
works (ECNs), use technology to bring buyers and sellers
together electronically. Bob Mazzarella, president of Fi-
delity Brokerage Services Inc., estimates that ECNs have al-
ready captured 20 to 35 percent of Nasdaq’s trading volume.
Instinet, the first and largest ECN, has a stake with Gold-
man Sachs, J. P. Morgan, and E*Trade in another network,
Archipelago, which recently announced plans to form its
own exchange. Likewise, Charles Schwab recently an-
nounced plans to join with Fidelity Investments, Donaldson,
Lufkin & Jenrette, and Spear, Leeds & Kellogg to develop
another ECN.

ECNs are accelerating the move toward 24-hour trading.
Large clients who want to trade after the other markets have

trading floors of Paris, London, and Frankfurt. Moreover, it
recently passed the Chicago Board of Trade (CBOT) to be-
come the world’s leader in futures trading volume. The
threat of a similar ECN in the United States has undoubt-
edly contributed to the recent 50 percent decline in the price
of a seat on the CBOT.

The move toward faster, cheaper, 24-hour trading obvi-
ously benefits investors, but it also presents regulators, who
try to ensure that all investors have access to a “level playing
field,” with a number of headaches.

Because of the threat from ECNs and the need to raise
capital and increase flexibility, both the NYSE and Nasdaq
plan to convert from privately held, member-owned busi-
nesses to stockholder-owned, for-profit corporations. This
suggests that the financial landscape will continue to un-
dergo dramatic changes in the upcoming years.

closed may utlize an ECN, bypassing the NYSE and
Nasdagq.

In fact, Eurex, a Swiss-German ECN for trading futures
contracts, has virtually eliminated futures activity on the

Sources: Katrina Brooker, “Online Investing: It’s Not Just for Geeks Any-
more,” Fortune, December 21, 1998, 89-98; “Fidelity, Schwab Part of Deal to
Create Nasdaq Challenger,” The Milwaukee Fournal Sentinel, July 22, 1999, 1.

Secondary Markets

Financial institutions play a key role in matching primary market players who need
money with those who have extra funds, but the vast majority of trading actually
occurs in the secondary markets. Although there are many secondary markets for a
wide variety of securities, we can classify their trading procedures along two dimen-
sions. First, the secondary market can be either a physical location exchange or a
computer/telephone network. For example, the New York Stock Exchange, the
American Stock Exchange (AMEX), the Chicago Board of Trade (the CBOT trades
futures and options), and the Tokyo Stock Exchange are all physical location ex-
changes. In other words, the traders actually meet and trade in a specific part of a spe-
cific building. In contrast, Nasdaq, which trades U.S. stocks, is a network of linked
computers. Other examples are the markets for U.S. Treasury bonds and foreign ex-
change, which are conducted via telephone and/or computer networks. In these elec-
tronic markets, the traders never see one another.

The second dimension is the way orders from sellers and buyers are matched. This
can occur through an open outcry auction system, through dealers, or by automated
order matching. An example of an outcry auction is the CBOTT, where traders actually
meet in a pit and sellers and buyers communicate with one another through shouts
and hand signals.

In a dealer market, there are “market makers” who keep an inventory of the stock
(or other financial instrument) in much the same way that any merchant keeps an in-
ventory. These dealers list bid and ask quotes, which are the prices at which they are
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willing to buy or sell. Computerized quotation systems keep track of all bid and ask
prices, but they don’t actually match buyers and sellers. Instead, traders must contact
a specific dealer to complete the transaction. Nasdaq (U.S. stocks) is one such market,
as are the London SEAQ (U.K. stocks) and the Neuer Market (stocks of small Ger-
man companies).

The third method of matching orders is through an electronic communications
network (ECN). Participants in an ECN post their orders to buy and sell, and the
ECN automatically matches orders. For example, someone might place an order to
buy 1,000 shares of IBM stock (this is called a “market order” since it is to buy the
stock at the current market price). Suppose another participant had placed an order to
sell 1,000 shares of IBM at a price of $91 per share, and this was the lowest price of any
“sell” order. The ECN would automatically match these two orders, execute the trade,
and notify both participants that the trade has occurred. Participants can also post
“limit orders,” which might state that the participant is willing to buy 1,000 shares of
IBM at $90 per share if the price falls that low during the next two hours. In other
words, there are limits on the price and/or the duration of the order. The ECN will
execute the limit order if the conditions are met, that is, if someone offers to sell IBM
at a price of $90 or less during the next two hours. The two largest ECNs for trading
U.S. stocks are Instinet (owned by Reuters) and Island. Other large ECNs include
Eurex, a Swiss-German ECN that trades futures contracts, and SETS, a UK. ECN
that trades stocks.

Colf-Tost What are the major differences between physical location exchanges and com-

: puter/telephone networks?
Questions . _
What are the differences among open outcry auctions, dealer markets, and

ECNs?

The Stock Market

Because the primary objective of financial management is to maximize the firm’s stock
price, a knowledge of the stock market is important to anyone involved in managing a
business. The two leading stock markets today are the New York Stock Exchange
and the Nasdaq stock market.

The New York Stock Exchange

The New York Stock Exchange (NYSE) is a physical location exchange. It occupies its
own building, has a limited number of members, and has an elected governing body—
its board of governors. Members are said to have “seats” on the exchange, although
everybody stands up. These seats, which are bought and sold, give the holder the right
to trade on the exchange. There are currently 1,366 seats on the NYSE, and in August
1999, a seat sold for $2.65 million. This is up from a price of $35,000 in 1977. The
current (2002) asking price for a seat is about $2 million.

Most of the larger investment banking houses operate brokerage departments, and
they own seats on the NYSE and designate one or more of their officers as mem-
bers. The NYSE is open on all normal working days, with the members meeting in
a large room equipped with electronic equipment that enables each member to com-
municate with his or her firm’s offices throughout the country. For example, Merrill
Lynch (the largest brokerage firm) might receive an order in its Atlanta office from
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You can access the home
pages of the major U.S.
stock markets by typing
http://www.nyse.com or
http://www.nasdag.com.
These sites provide back-
ground information as well
as the opportunity to obtain
individual stock quotes.

a customer who wants to buy shares of AT&T stock. Simultaneously, Morgan Stan-
ley’s Denver office might receive an order from a customer wishing to sell shares of
AT&T. Each broker communicates electronically with the firm’s representative on
the NYSE. Other brokers throughout the country are also communicating with their
own exchange members. The exchange members with sel/ orders offer the shares for
sale, and they are bid for by the members with buy orders. Thus, the NYSE operates
as an auction market.’

The Nasdaq Stock Market

"The National Association of Securities Dealers (NASD) is a self-regulatory body that li-
censes brokers and oversees trading practices. The computerized network used by the
NASD is known as the NASD Automated Quotation System, or Nasdaq. Nasdaq
started as just a quotation system, but it has grown to become an organized securities
market with its own listing requirements. Nasdaq lists about 5,000 stocks, although not
all trade through the same Nasdaq system. For example, the Nasdaq National Market
lists the larger Nasdaq stocks, such as Microsoft and Intel, while the Nasdaq SmallCap
Market lists smaller companies with the potential for high growth. Nasdaq also oper-
ates the Nasdaq OT'C Bulletin Board, which lists quotes for stock that is registered
with the Securities Exchange Commission (SEC) but thatis not listed on any exchange,
usually because the company is too small or too unprofitable.* Finally, Nasdaq operates
the Pink Sheets, which provide quotes on companies that are not registered with the
SEC.

“Liquidity” is the ability to trade quickly at a net price (i.e. after any commissions)
that is very close to the security’s recent market value. In a dealer market, such as Nas-
daq, a stock’s liquidity depends on the number and quality of the dealers who make a

*The NYSE is actually a modified auction market, wherein people (through their brokers) bid for stocks.
Originally—about 200 years ago—brokers would literally shout, “I have 100 shares of Erie for sale; how
much am I offered?” and then sell to the highest bidder. If a broker had a buy order, he or she would shout,
“I want to buy 100 shares of Erie; who'll sell at the best price?” The same general situation still exists, al-
though the exchanges now have members known as specialists who facilitate the trading process by keeping
an inventory of shares of the stocks in which they specialize. If a buy order comes in at a time when no sell
order arrives, the specialist will sell off some inventory. Similarly, if a sell order comes in, the specialist will
buy and add to inventory. The specialist sets a bid price (the price the specialist will pay for the stock) and an
asked price (the price at which shares will be sold out of inventory). The bid and asked prices are set at levels
designed to keep the inventory in balance. If many buy orders start coming in because of favorable develop-
ments or sell orders come in because of unfavorable events, the specialist will raise or lower prices to keep
supply and demand in balance. Bid prices are somewhat lower than asked prices, with the difference, or
spread, representing the specialist’s profit margin.

Special facilities are available to help institutional investors such as mutual funds or pension funds sell

large blocks of stock without depressing their prices. In essence, brokerage houses that cater to institutional
clients will purchase blocks (defined as 10,000 or more shares) and then resell the stock to other institutions
or individuals. Also, when a firm has a major announcement that is likely to cause its stock price to change
sharply, it will ask the exchanges to halt trading in its stock until the announcement has been made and di-
gested by investors. Thus, when Texaco announced that it planned to acquire Getty Oil, trading was halted
for one day in both Texaco and Getty stocks.
*OTC stands for over-the-counter. Before Nasdaq, the quickest way to trade a stock that was not listed at a
physical location exchange was to find a brokerage firm that kept shares of that stock in inventory. The stock
certificates were actually kept in a safe and were literally passed over the counter when bought or sold.
Nowadays the certificates for almost all listed stocks and bonds in the United States are stored in a vault be-
neath Manhattan, operated by the Depository Trust and Clearing Corporation (DTCC). Most brokerage
firms have an account with the DT'CC, and most investors leave their stocks with their brokers. Thus, when
stocks are sold, the DTCC simply adjusts the accounts of the brokerage firms that are involved, and no
stock certificates are actually moved.
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A stock index is designed to show the performance of the
stock market. The problem is that there are many stock in-
dexes, and it is difficult to determine which index best re-
flects market actions. Some are designed to represent the
whole equity market, some to track the returns of certain in-
dustry sectors, and others to track the returns of small-cap,
mid-cap, or large-cap stocks. “Cap” is short for capitaliza-
tion, which means the total market value of a firm’s stock.
We discuss below four of the leading indexes.

Dow Jones Industrial Average

Unveiled in 1896 by Charles H. Dow, the Dow Jones Indus-
trial Average (DJIA) provided a benchmark for comparing
individual stocks with the overall market and for comparing
the market with other economic indicators. The industrial
average began with just 10 stocks, was expanded in 1916 to
20 stocks, and then to 30 in 1928. Also, in 1928 The Wall
Street Journal editors began adjusting it for stock splits, and
making substitutions. Today, the DJIA still includes 30 com-
panies. They represent almost a fifth of the market value of
all U.S. stocks, and all are both leading companies in their
industries and widely held by individual and institutional in-
vestors.

Wilshire 5000 Total Market Index

The Wilshire 5000, created in 1974, measures the perfor-
mance of all U.S. headquartered equity securities with read-
ily available prices. It was originally composed of roughly
5,000 stocks, but as of August 1999, it included more than
7,000 publicly traded securities with a combined market
capitalization in excess of $14 trillion. The Wilshire 5000 is
unique because it seeks to reflect returns on the entire U.S.
equity market.

S&P 500 Index

Created in 1926, the S&P 500 Index is widely regarded as
the standard for measuring large-cap U.S. stock market per-

formance. The stocks in the S&P 500 are selected by the
Standard & Poor’s Index Committee for being the leading
companies in the leading industries, and for accurately re-
flecting the U.S. stock market. It is value weighted, so the
largest companies (in terms of value) have the greatest influ-
ence. The S&P 500 Index is used as a comparison bench-
mark by 97 percent of all U.S. money managers and pension
plan sponsors, and approximately $700 billion is managed so
as to obtain the same performance as this index (that is, in

indexed funds).
Nasdaq Composite Index

The Nasdaq Composite Index measures the performance of
all common stocks listed on the Nasdaq stock market. Cur-
rently, it includes more than 5,000 companies, and because
many of the technology-sector companies are traded on the
computer-based Nasdaq exchange, this index is generally re-
garded as an economic indicator of the high-tech industry.
Microsoft, Intel, and Cisco Systems are the three largest
Nasdaq companies, and they comprise a high percentage of
the index’s value-weighted market capitalization. For this
reason, substantial movements in the same direction by
these three companies can move the entire index.

Recent Performance

Go to the web site http://finance.yahoo.com/. Enter the
symbol for any of the indices (*DJI for the Dow Jones,
AWILS for the Wilshire 5000, ASPC for the S&P 500, and
AIXIC for the Nasdaq) and click the Get Quotes button.
This will bring up the current value of the index, shown in a
table. Click Chart (under the table heading “More Info”),
and it will bring up a chart showing the historical perfor-
mance of the index. Immediately below the chart is a series
of buttons that allows you to choose the number of years and
to plot the relative performance of several indices on the
same chart. You can even download the historical data in
spreadsheet form.

market in the stock. Nasdaq has more than 400 dealers, most making markets in a
large number of stocks. The typical stock has about 10 market makers, but some
stocks have more than 50 market makers. Obviously, there are more market makers,
and liquidity, for the Nasdaq National Market than for the SmallCap Market. There
is very little liquidity for stocks on the OTC Bulletin Board or the Pink Sheets.

Over the past decade the competition between the NYSE and Nasdaq has been
fierce. In an effort to become more competitive with the NYSE and with international
markets, the NASD and the AMEX merged in 1998 to form what might best be re-
ferred to as an organized investment network. This investment network is often referred
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Self-Test
Question

to as Nasdag, but stocks continue to be traded and reported separately on the two
markets. Increased competition among global stock markets assuredly will result in
similar alliances among other exchanges and markets in the future.

Since most of the largest companies trade on the NYSE, the market capitalization of
NYSE-traded stocks is much higher than for stocks traded on Nasdaq (about $11.6 tril-
lion compared with $2.7 trillion in late 2001). However, reported volume (number of
shares traded) is often larger on Nasdaq, and more companies are listed on Nasdag.’

Interestingly, many high-tech companies such as Microsoft and Intel have re-
mained on Nasdaq even though they easily meet the listing requirements of the
NYSE. At the same time, however, other high-tech companies such as Gateway 2000,
America Online, and Iomega have left Nasdaq for the NYSE. Despite these defec-
tions, Nasdaq’s growth over the past decade has been impressive. In the years ahead,
the competition will no doubt remain fierce.

What are some major differences between the NYSE and the Nasdaq stock
market?

The Cost of Money

Capital in a free economy is allocated through the price system. The interest rate is the
price paid to borrow debt capital. With equity capital, investors expect to rveceive dividends and
capital gains, whose sum is the cost of equity money. The factors that affect supply and de-
mand for investment capital, hence the cost of money, are discussed in this section.

The four most fundamental factors affecting the cost of money are (1) production
opportunities, (2) time preferences for consumption, (3) risk, and (4) inflation.
"To see how these factors operate, visualize an isolated island community where the
people live on fish. They have a stock of fishing gear that permits them to survive rea-
sonably well, but they would like to have more fish. Now suppose Mr. Crusoe has a
bright idea for a new type of fishnet that would enable him to double his daily catch.
However, it would take him a year to perfect his design, to build his net, and to learn
how to use it efficiently, and Mr. Crusoe would probably starve before he could put his
new net into operation. Therefore, he might suggest to Ms. Robinson, Mr. Friday, and
several others that if they would give him one fish each day for a year, he would return
two fish a day during all of the next year. If someone accepted the offer, then the fish
that Ms. Robinson or one of the others gave to Mr. Crusoe would constitute szvings;
these savings would be invested in the fishnet; and the extra fish the net produced
would constitute a return on the investment.

Obviously, the more productive Mr. Crusoe thought the new fishnet would be, the
more he could afford to offer potential investors for their savings. In this example, we
assume that Mr. Crusoe thought he would be able to pay, and thus he offered, a 100
percent rate of return—he offered to give back two fish for every one he received. He
might have tried to attract savings for less—for example, he might have decided to of-
fer only 1.5 fish next year for every one he received this year, which would represent a
50 percent rate of return to potential savers.

How attractive Mr. Crusoe’s offer appeared to a potential saver would depend in
large part on the saver’s time preference for consumption. For example, Ms. Robinson
might be thinking of retirement, and she might be willing to trade fish today for fish

>One transaction on Nasdaq generally shows up as two separate trades (the buy and the sell). This “double
counting” makes it difficult to compare the volume between stock markets.
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in the future on a one-for-one basis. On the other hand, Mr. Friday might have a wife
and several young children and need his current fish, so he might be unwilling to
“lend” a fish today for anything less than three fish next year. Mr. Friday would be said
to have a high time preference for current consumption and Ms. Robinson a low time
preference. Note also that if the entire population were living right at the subsistence
level, time preferences for current consumption would necessarily be high, aggregate
savings would be low, interest rates would be high, and capital formation would be
difficult.

The risk inherent in the fishnet project, and thus in Mr. Crusoe’s ability to repay
the loan, would also affect the return investors would require: the higher the perceived
risk, the higher the required rate of return. Also, in a more complex society there are
many businesses like Mr. Crusoe’s, many goods other than fish, and many savers like
Ms. Robinson and Mr. Friday. Therefore, people use money as a medium of exchange
rather than barter with fish. When money is used, its value in the future, which is af-
tected by inflation, comes into play: the higher the expected rate of inflation, the larger
the required return. We discuss this point in detail later in the chapter.

Thus, we see that the interest rate paid to savers depends in a basic way (1) on the rate of
return producers expect to earn on invested capital, (2) on savers’ time preferences for current
versus future consumption, (3) on the riskiness of the loan, and (4) on the expected future rate
of inflation. Producers’ expected returns on their business investments set an upper
limit on how much they can pay for savings, while consumers’ time preferences for
consumption establish how much consumption they are willing to defer, hence how
much they will save at different rates of interest offered by producers.® Higher risk
and higher inflation also lead to higher interest rates.

Solf-Test What is the price paid to borrow money called?
Questions What are the two items whose sum is the “price” of equity capital?
What four fundamental factors affect the cost of money?

Interest Rate Levels

Capital is allocated among borrowers by interest rates: Firms with the most profitable
investment opportunities are willing and able to pay the most for capital, so they tend
to attract it away from inefficient firms or from those whose products are not in
demand. Of course, our economy is not completely free in the sense of being influ-
enced only by market forces. Thus, the federal government has agencies that help des-
ignated individuals or groups obtain credit on favorable terms. Among those eligible
for this kind of assistance are small businesses, certain minorities, and firms willing to
build plants in areas with high unemployment. Still, most capital in the U.S. economy
is allocated through the price system.

Figure 1-3 shows how supply and demand interact to determine interest rates in
two capital markets. Markets A and B represent two of the many capital markets in ex-
istence. The going interest rate, which can be designated as either r or i, but for pur-
poses of our discussion is designated as r, is initially 10 percent for the low-risk

The term “producers” is really too narrow. A better word might be “borrowers,” which would include cor-
porations, home purchasers, people borrowing to go to college, or even people borrowing to buy autos or
to pay for vacations. Also, the wealth of a society and its demographics influence its people’s ability to save
and thus their time preferences for current versus future consumption.
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FIGURE 1-3 Interest Rates as a Function of Supply and Demand for Funds
Market A: Low-Risk Securities Market B: High-Risk Securities
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securities in Market A.” Borrowers whose credit is strong enough to borrow in this
market can obtain funds at a cost of 10 percent, and investors who want to put their
money to work without much risk can obtain a 10 percent return. Riskier borrowers
must obtain higher-cost funds in Market B. Investors who are more willing to take
risks invest in Market B, expecting to earn a 12 percent return but also realizing that
they might actually receive much less.

If the demand for funds declines, as it typically does during business recessions, the
demand curves will shift to the left, as shown in Curve D, in Market A. The market-
clearing, or equilibrium, interest rate in this example declines to 8 percent. Similarly,
you should be able to visualize what would happen if the Federal Reserve tightened
credit: The supply curve, S, would shift to the left, and this would raise interest rates
and lower the level of borrowing in the economy.

Capital markets are interdependent. For example, if Markets A and B were in
equilibrium before the demand shift to D, in Market A, then investors were willing
to accept the higher risk in Market B in exchange for a 7isk premium of 12% — 10% =
2%. After the shift to D,, the risk premium would initially increase to 12% — 8% =
4%. Immediately, though, this much larger premium would induce some of the
lenders in Market A to shift to Market B, which would, in turn, cause the supply
curve in Market A to shift to the left (or up) and that in Market B to shift to the
right. The transfer of capital between markets would raise the interest rate in Mar-
ket A and lower it in Market B, thus bringing the risk premium back closer to the
original 2 percent.

There are many capital markets in the United States. U.S. firms also invest and
raise capital throughout the world, and foreigners both borrow and lend in the United

3L
1

"The letter “r” is the symbol we use for interest rates and the cost of equity, but “i” is used frequently today
because this term corresponds to the interest rate key on financial calculators, as described in Chapter 2.
Note also that “k” was used in the past, but “r” is the preferred term today.
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States. There are markets for home loans; farm loans; business loans; federal, state,
and local government loans; and consumer loans. Within each category, there are re-
gional markets as well as different types of submarkets. For example, in real estate
there are separate markets for first and second mortgages and for loans on single-
family homes, apartments, office buildings, shopping centers, vacant land, and so on.
Within the business sector there are dozens of types of debt and also several different
markets for common stocks.

There is a price for each type of capital, and these prices change over time as shifts
occur in supply and demand conditions. Figure 1-4 shows how long- and short-term
interest rates to business borrowers have varied since the early 1960s. Notice that
short-term interest rates are especially prone to rise during booms and then fall dur-
ing recessions. (The shaded areas of the chart indicate recessions.) When the economy
is expanding, firms need capital, and this demand for capital pushes rates up. Also, in-
flationary pressures are strongest during business booms, and that also exerts upward
pressure on rates. Conditions are reversed during recessions such as the one in 2001.
Slack business reduces the demand for credit, the rate of inflation falls, and the result
is a drop in interest rates. Furthermore, the Federal Reserve deliberately lowers rates
during recessions to help stimulate the economy and tightens during booms.

These tendencies do not hold exactly—the period after 1984 is a case in point.
The price of oil fell dramatically in 1985 and 1986, reducing inflationary pressures

Long- and Short-Term Interest Rates, 1962-2001

Long-Term —4 14
Rates

|

T

Short-Term
Rates

1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

a. The shaded areas designate business recessions.
b. Short-term rates are measured by three- to six-month loans to very large, strong corporations, and long-term rates are measured by AAA corporate

bonds.

Sources: Interest rates are from the Federal Reserve Bulletin; see http://www.federalreserve.gov/releases. The recession dates are from the National
Bureau of Economic Research; see http://www.nber.org/cycles. As we write this (winter 2002), the economy is in yet another recession.
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FIGURE 1-5

on other prices and easing fears of serious long-term inflation. Earlier, those fears
had pushed interest rates to record levels. The economy from 1984 to 1987 was
strong, but the declining fears of inflation more than offset the normal tendency
of interest rates to rise during good economic times, and the net result was lower
interest rates.®

The effect of inflation on long-term interest rates is highlighted in Figure 1-5,
which plots rates of inflation along with long-term interest rates. In the early 1960s,
inflation averaged 1 percent per year, and interest rates on high-quality, long-term
bonds averaged 4 percent. Then the Vietnam War heated up, leading to an increase in
inflation, and interest rates began an upward climb. When the war ended in the early
1970s, inflation dipped a bit, but then the 1973 Arab oil embargo led to rising oil
prices, much higher inflation, and sharply higher interest rates.

Inflation peaked at about 13 percent in 1980, but interest rates continued to in-
crease into 1981 and 1982, and they remained quite high until 1985, because people
were afraid inflation would start to climb again. Thus, the “inflationary psychology”
created during the 1970s persisted to the mid-1980s.

Gradually, though, people began to realize that the Federal Reserve was serious
about keeping inflation down, that global competition was keeping U.S. auto

8Short-term rates are responsive to current economic conditions, whereas long-term rates primarily reflect
long-run expectations for inflation. As a result, short-term rates are sometimes above and sometimes below
long-term rates. The relationship between long-term and short-term rates is called the term structure of in-
terest rates, and it is discussed later in the chapter.

Relationship between Annual Inflation Rates and Long-Term Interest Rates,
1962-2001
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a. Interest rates are those on AAA long-term corporate bonds.
b. Inflation is measured as the annual rate of change in the Consumer Price Index (CPI).

Sources: Interest rates are from the Federal Reserve Bulletin; see http://www.federalreserve.gov/releases. The CPI data are from http://www.

stls.frb.org/fred/data/cpi.htm.
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producers and other corporations from raising prices as they had in the past, and that
constraints on corporate price increases were diminishing labor unions’ ability to
push through cost-increasing wage hikes. As these realizations set in, interest rates
declined. The gap between the current interest rate and the current inflation rate is
defined as the “current real rate of interest.” It is called the “real rate” because it
shows how much investors really earned after taking out the effects of inflation. The
real rate was extremely high during the mid-1980s, but it averaged about 4 percent
during the 1990s.

In recentyears, inflation has been running at about 3 percent a year. However, long-
term interest rates have been volatile, because investors are not sure if inflation is truly
under control or is getting ready to jump back to the higher levels of the 1980s. In the
years ahead, we can be sure that the level of interest rates will vary (1) with changes in
the current rate of inflation and (2) with changes in expectations about future inflation.

How are interest rates used to allocate capital among firms?

What happens to market-clearing, or equilibrium, interest rates in a capital mar-
ket when the demand for funds declines? What happens when inflation increases
or decreases?

Why does the price of capital change during booms and recessions?

How does risk affect interest rates?

The Determinants of Market Interest Rates

The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 01
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

In general, the quoted (or nominal) interest rate on a debt security, r, is composed of a
real risk-free rate of interest, r*, plus several premiums that reflect inflation, the riski-
ness of the security, and the security’s marketability (or liquidity). This relationship

can be expressed as follows:
Quoted interest rate = r = r* + IP + DRP + LP + MRP. (1-1)

Here

..,
|

= the quoted, or nominal, rate of interest on a given security.” There are

many different securities, hence many different quoted interest rates.

the real risk-free rate of interest. r* is pronounced “r-star,” and it is the rate

that would exist on a riskless security if zero inflation were expected.

rrr = r* + IP, and it is the quoted risk-free rate of interest on a security such as a
U.S. Treasury bill, which is very liquid and also free of most risks. Note that
rrrincludes the premium for expected inflation, because rgg = r* + IP.

IP = inflation premium. IP is equal to the average expected inflation rate over
the life of the security. The expected future inflation rate is not necessarily
equal to the current inflation rate, so IP is not necessarily equal to current
inflation as reported in Figure 1-5.

-
I

The term nominal as it is used here means the stated rate as opposed to the real rate, which is adjusted to re-
move inflation effects. If you bought a 10-year Treasury bond in October 2001, the quoted, or nominal, rate
would be about 4.6 percent, but if inflation averages 2.5 percent over the next 10 years, the real rate would
be about 4.6% — 2.5% = 2.1%. To be technically correct, we should find the real rate by solving for r* in
the following equation: (1 + r*)(1 + 0.025) = (1 + 0.046). If we solved the equation, we would find r* =
2.05%. Since this is very close to the 2.1 percent calculated above, we will continue to approximate the real
rate by subtracting inflation from the nominal rate.
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See http://www.
bloomberg.com and select
MARKETS and then U.S.
Treasuries for a partial listing
of indexed Treasury bonds.
The reported yield on each
bond is the real risk-free
rate expected over its life.

DRP = default risk premium. This premium reflects the possibility that the issuer
will not pay interest or principal at the stated time and in the stated
amount. DRP is zero for U.S. Treasury securities, but it rises as the riski-
ness of issuers increases.

LP = liquidity, or marketability, premium. This is a premium charged by lenders
to reflect the fact that some securities cannot be converted to cash on short
notice at a “reasonable” price. LP is very low for Treasury securities and
for securities issued by large, strong firms, but it is relatively high on secu-
rities issued by very small firms.

MRP = maturity risk premium. As we will explain later, longer-term bonds, even
"Treasury bonds, are exposed to a significant risk of price declines, and a
maturity risk premium is charged by lenders to reflect this risk.

As noted above, since rgr = 1* + IP, we can rewrite Equation 1-1 as follows:
Nominal, or quoted, rate = r = rgg + DRP + LP + MRP.

We discuss the components whose sum makes up the quoted, or nominal, rate on a
given security in the following sections.

The Real Risk-Free Rate of Interest, r*

The real risk-free rate of interest, r*, is defined as the interest rate that would ex-
ist on a riskless security if no inflation were expected, and it may be thought of as the
rate of interest on short-term U.S. Treasury securities in an inflation-free world. The
real risk-free rate is not static—it changes over time depending on economic condi-
tions, especially (1) on the rate of return corporations and other borrowers expect to
earn on productive assets and (2) on people’s time preferences for current versus fu-
ture consumption. Borrowers’ expected returns on real asset investments set an up-
per limit on how much they can afford to pay for borrowed funds, while savers’ time
preferences for consumption establish how much consumption they are willing to
defer, hence the amount of funds they will lend at different interest rates. It is diffi-
cult to measure the real risk-free rate precisely, but most experts think that r* has
fluctuated in the range of 1 to 5 percent in recent years.'’

In addition to its regular bond offerings, in 1997 the U.S. Treasury began issuing
indexed bonds, with payments linked to inflation. To date, the Treasury has issued ten
of these indexed bonds, with maturities ranging (at time of issue) from 5 to 31 years.
Yields on these bonds in November 2001 ranged from 0.94 to 3.13 percent, with the
higher yields on the longer maturities because they have a maturity risk premium due
to the fact that the risk premium itself can change, leading to changes in the bonds’
prices. The yield on the shortest-term bond provides a good estimate for r*, because it
has essentially no risk.

1%The real rate of interest as discussed here is different from the current real rate as discussed in connection
with Figure 1-5. The current real rate is the current interest rate minus the current (or latest past) inflation
rate, while the real rate, without the word “current,” is the current interest rate minus the expected future in-
flation rate over the life of the security. For example, suppose the current quoted rate for a one-year Trea-
sury bill is 5 percent, inflation during the latest year was 2 percent, and inflation expected for the coming
year is 4 percent. Then the current real rate would be 5% — 2% = 3%, but the expected real rate would be
5% — 4% = 1%. The rate on a 10-year bond would be related to the expected inflation rate over the next
10 years, and so on. In the press, the term “real rate” generally means the current real rate, but in econom-
ics and finance, hence in this book unless otherwise noted, the real rate means the one based on expected in-
flation rates.
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The Nominal, or Quoted, Risk-Free Rate of Interest, rge

The nominal, or quoted, risk-free rate, rgy, is the real risk-free rate plus a premium
for expected inflation: rrr = r* + IP. To be strictly correct, the risk-free rate should
mean the interest rate on a totally risk-free security—one that has no risk of default,
no maturity risk, no liquidity risk, no risk of loss if inflation increases, and no risk of
any other type. There is no such security, hence there is no observable truly risk-free
rate. However, there is one security that is free of most risks—an indexed U.S. Trea-
sury security. These securities are free of default risk, liquidity risk, and risk due to
changes in inflation.""

If the term “risk-free rate” is used without either the modifier “real” or the modi-
fier “nominal,” people generally mean the quoted (nominal) rate, and we will follow
that convention in this book. Therefore, when we use the term risk-free rate, rgp, we
mean the nominal risk-free rate, which includes an inflation premium equal to the av-
erage expected inflation rate over the life of the security. In general, we use the T-bill
rate to approximate the short-term risk-free rate, and the T-bond rate to approximate
the long-term risk-free rate. So, whenever you see the term “risk-free rate,” assume
that we are referring either to the quoted U.S. T-bill rate or to the quoted T-bond
rate.

Inflation Premium (IP)

Inflation has a major impact on interest rates because it erodes the purchasing power
of the dollar and lowers the real rate of return on investments. To illustrate, suppose
you saved $1,000 and invested it in a Treasury bill that matures in one year and pays a
5 percent interest rate. At the end of the year, you will receive $1,050—your original
$1,000 plus $50 of interest. Now suppose the inflation rate during the year is 10 per-
cent, and it affects all items equally. If gas had cost $1 per gallon at the beginning of
the year, it would cost $1.10 at the end of the year. Therefore, your $1,000 would
have bought $1,000/$1 = 1,000 gallons at the beginning of the year, but only
$1,050/81.10 = 955 gallons at the end. In rea/ terms, you would be worse off—you
would receive $50 of interest, but it would not be sufficient to offset inflation. You
would thus be better off buying 1,000 gallons of gas (or some other storable asset such
as land, timber, apartment buildings, wheat, or gold) than buying the Treasury bill.

Investors are well aware of all this, so when they lend money, they build in an in-
flation premium (IP) equal to the average expected inflation rate over the life of the
security. As discussed previously, for a short-term, default-free U.S. Treasury bill, the
actual interest rate charged, rrpy, would be the real risk-free rate, r*, plus the infla-
tion premium (IP):

I'rpin = 'R = r* + IP.

Therefore, if the real short-term risk-free rate of interest were r* = 1.25%, and if in-
flation were expected to be 1.18 percent (and hence IP = 1.18%) during the next year,

then the quoted rate of interest on one-year T-bills would be 1.25% + 1.18% =
2.43%. Indeed, in October 2001, the expected one-year inflation rate was about 1.18

"Indexed Treasury securities are the closest thing we have to a riskless security, but even they are not totally
riskless, because r* itself can change and cause a decline in the prices of these securities. For example, be-
tween October 1998 and January 2000, the price of one indexed Treasury security declined from 98 to 89,
or by almost 10 percent. The cause was an increase in the real rate. By November 2001, however, the real
rate had declined, and the bond’s price was back up to 109.

31



32

An Overview of Corporate Finance and the Financial Environment

percent, and the yield on one-year T-bills was about 2.43 percent, so the real risk-free
rate on short-term securities at that time was 1.25 percent.'?

It is important to note that the inflation rate built into interest rates is the inflation
rate expected in the future, not the rate experienced in the past. Thus, the latest reported
figures might show an annual inflation rate of 2 percent, but that is for the past year. If
people on average expect a 6 percent inflation rate in the future, then 6 percent would
be built into the current interest rate. Note also that the inflation rate reflected in the
quoted interest rate on any security is the average rate of inflation expected over the secu-
rity’s life. Thus, the inflation rate built into a one-year bond is the expected inflation
rate for the next year, but the inflation rate built into a 30-year bond is the average rate
of inflation expected over the next 30 years."’

Expectations for future inflation are closely, but not perfectly, correlated with rates
experienced in the recent past. Therefore, if the inflation rate reported for last month
increased, people would tend to raise their expectations for future inflation, and this
change in expectations would cause an increase in interest rates.

Note that Germany, Japan, and Switzerland have over the past several years had
lower inflation rates than the United States, hence their interest rates have generally
been lower than ours. South Africa and most South American countries have experi-
enced high inflation, and that is reflected in their interest rates.

Default Risk Premium (DRP)

The risk that a borrower will defazult on a loan, which means not pay the interest or the
principal, also affects the market interest rate on the security: the greater the default
risk, the higher the interest rate. Treasury securities have no default risk, hence they
carry the lowest interest rates on taxable securities in the United States. For corporate
bonds, the higher the bond’s rating, the lower its default risk, and, consequently, the
lower its interest rate.'* Here are some representative interest rates on long-term
bonds during October 2001:

’There are several sources for the estimated inflation premium. The Congressional Budget Office regu-
larly updates the estimates of inflation that it uses in its forecasted budgets; see http://www.cbo.gov/
reports.html, select Economic and Budget Projections, and select the most recent Budget and Economic
Outlook. An appendix to this document will show the 10-year projection, including the expected CPI infla-
tion rate for each year. A second source is the University of Michigan’s Institute for Social Research, which
regularly polls consumers regarding their expectations for price increases during the next year; see
http://www.isr.umich.edu/src/projects.html, select the Surveys of Consumers, and then select the table
for Expected Change in Prices. Third, you can find the yield on an indexed Treasury bond, as described in
the margin of page 32, and compare it with the yield on a nonindexed Treasury bond of the same maturity.
This is the method we prefer, since it provides a direct estimate of the inflation risk premium.

To be theoretically precise, we should use a geometric average. Also, because millions of investors are active
in the market, it is impossible to determine exactly the consensus expected inflation rate. Survey data are
available, however, that give us a reasonably good idea of what investors expect over the next few years. For
example, in 1980 the University of Michigan’s Survey Research Center reported that people expected infla-
tion during the next year to be 11.9 percent and that the average rate of inflation expected over the next 5
to 10 years was 10.5 percent. Those expectations led to record-high interest rates. However, the economy
cooled in 1981 and 1982, and, as Figure 1-5 showed, actual inflation dropped sharply after 1980. This led to
gradual reductions in the expected future inflation rate. In winter 2002, as we write this, the expected infla-
tion rate for the next year is about 1.2 percent, and the expected long-term inflation rate is about 2.5 per-
cent. As inflationary expectations change, so do quoted market interest rates.

*Bond ratings, and bonds’ riskiness in general, are discussed in detail in Chapter 4. For now, merely note
that bonds rated AAA are judged to have less default risk than bonds rated AA, while AA bonds are less risky
than A bonds, and so on. Ratings are designated AAA or Aaa, AA or Aa, and so forth, depending on the rat-
ing agency. In this book, the designations are used interchangeably.
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Rate DRP
U.S. Treasury 5.5% —
AAA 6.5 1.0%
AA 6.8 1.3
A 7.3 1.8
BBB 7.9 2.4
BB+ 10.5 5.0

The difference between the quoted interest rate on a T-bond and that on a corpo-
rate bond with similar maturity, liquidity, and other features is the default risk pre-
mium (DRP). Therefore, if the bonds listed above were otherwise similar, the default
risk premium would be DRP = 6.5% — 5.5% = 1.0 percentage point for AAA corpo-
rate bonds, 6.8% — 5.5% = 1.3 percentage points for AA, and so forth. Default risk
premiums vary somewhat over time, but the October 2001 figures are representative
of levels in recent years.

Liquidity Premium (LP)

A “liquid” asset can be converted to cash quickly and at a “fair market value.” Finan-
cial assets are generally more liquid than real assets. Because liquidity is important, in-
vestors include liquidity premiums (LPs) when market rates of securities are estab-
lished. Although it is difficult to accurately measure liquidity premiums, a differential
of at least two and probably four or five percentage points exists between the least lig-
uid and the most liquid financial assets of similar default risk and maturity.

Maturity Risk Premium (MRP)

U.S. Treasury securities are free of default risk in the sense that one can be virtually
certain that the federal government will meet the scheduled interest and principal
payments on its bonds. Therefore, the default risk premium on Treasury securities is
essentially zero. Further, active markets exist for Treasury securities, so their liquidity
premiums are also close to zero. Thus, as a first approximation, the rate of interest on
a Treasury bond should be the risk-free rate, rgy, which is equal to the real risk-free
rate, r*, plus an inflation premium, IP. However, an adjustment is needed for long-
term Treasury bonds. The prices of long-term bonds decline sharply whenever inter-
est rates rise, and since interest rates can and do occasionally rise, all long-term bonds,
even Treasury bonds, have an element of risk called interest rate risk. As a general
rule, the bonds of any organization, from the U.S. government to Enron Corporation,
have more interest rate risk the longer the maturity of the bond."> Therefore, a
maturity risk premium (MRP), which is higher the longer the years to maturity,
must be included in the required interest rate.

The effect of maturity risk premiums is to raise interest rates on long-term bonds
relative to those on short-term bonds. This premium, like the others, is difficult to

Y For example, if someone had bought a 30-year Treasury bond for $1,000 in 1998, when the long-term in-
terest rate was 5.25 percent, and held it until 2000, when long-term T-bond rates were about 6.6 percent,
the value of the bond would have declined to about $830. That would represent a loss of 17 percent, and it
demonstrates that long-term bonds, even U.S. Treasury bonds, are not riskless. However, had the investor
purchased short-term T-bills in 1998 and subsequently reinvested the principal each time the bills matured,
he or she would still have had $1,000. This point will be discussed in detail in Chapter 4.

33



34

An Overview of Corporate Finance and the Financial Environment

Self-Test
Questions

measure, but (1) it varies somewhat over time, rising when interest rates are more
volatile and uncertain, then falling when interest rates are more stable, and (2) in re-
cent years, the maturity risk premium on 30-year T-bonds appears to have generally
been in the range of one to three percentage points.

We should mention that although long-term bonds are heavily exposed to interest
rate risk, short-term bills are heavily exposed to reinvestment rate risk. When short-
term bills mature and the funds are reinvested, or “rolled over,” a decline in interest
rates would necessitate reinvestment at a lower rate, and this would result in a decline
in interest income. To illustrate, suppose you had $100,000 invested in one-year
T-bills, and you lived on the income. In 1981, short-term rates were about 15 percent,
so your income would have been about $15,000. However, your income would have
declined to about $9,000 by 1983, and to just $5,700 by 2001. Had you invested your
money in long-term T-bonds, your income (but not the value of the principal) would
have been stable.'® Thus, although “investing short” preserves one’s principal, the in-
terest income provided by short-term T-bills is less stable than the interest income on
long-term bonds.

Write out an equation for the nominal interest rate on any debt security.

Distinguish between the real risk-free rate of interest, r*, and the nominal, or
quoted, risk-free rate of interest, rgg.

How is inflation dealt with when interest rates are determined by investors in the
financial markets?

Does the interest rate on a T-bond include a default risk premium? Explain.

Distinguish between liquid and illiquid assets, and identify some assets that are
liquid and some that are illiquid.

Briefly explain the following statement: “Although long-term bonds are heavily
exposed to interest rate risk, short-term bills are heavily exposed to reinvest-
ment rate risk. The maturity risk premium reflects the net effects of these two
opposing forces.”

The Term Structure of Interest Rates

You can find current U.S.
Treasury yield curve graphs
and other global and do-
mestic interest rate infor-
mation at Bloomberg mar-
kets' site at http://www.
bloomberg.com/markets/
index.html.

The term structure of interest rates describes the relationship between long- and
short-term rates. The term structure is important to corporate treasurers who must
decide whether to borrow by issuing long- or short-term debt and to investors who
must decide whether to buy long- or short-term bonds. Thus, it is important to un-
derstand (1) how long- and short-term rates relate to each other and (2) what causes
shifts in their relative positions.

Interest rates for bonds with different maturities can be found in a variety of publi-
cations, including The Wall Street Fournal and the Federal Reserve Bulletin, and on a

'Long-term bonds also have some reinvestment rate risk. If one is saving and investing for some future
purpose, say, to buy a house or for retirement, then to actually earn the quoted rate on a long-term bond,
the interest payments must be reinvested at the quoted rate. However, if interest rates fall, the interest pay-
ments must be reinvested at a lower rate; thus, the realized return would be less than the quoted rate. Note,
though, that reinvestment rate risk is lower on a long-term bond than on a short-term bond because only
the interest payments (rather than interest plus principal) on the long-term bond are exposed to reinvest-
ment rate risk. Zero coupon bonds, which are discussed in Chapter 4, are completely free of reinvestment
rate risk during their life.
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number of web sites, including Bloomberg, Yahoo, and CNN Financial. From interest
rate data obtained from these sources, we can construct the term structure at a given
point in time. For example, the tabular section below Figure 1-6 presents interest rates
for different maturities on three different dates. The set of data for a given date, when
plotted on a graph such as that in Figure 1-6, is called the yield curve for that date.

The yield curve changes both in position and in slope over time. In March 1980,
all rates were relatively high, and since short-term rates were higher than long-term
rates, the yield curve was downward sloping. In October 2001, all rates had fallen, and
because short-term rates were lower than long-term rates, the yield curve was upward
sloping. In February 2000, the yield curve was bumped—medium-term rates were
higher than both short- and long-term rates.

Figure 1-6 shows yield curves for U.S. Treasury securities, but we could have con-
structed curves for corporate bonds issued by Exxon Mobil, IBM, Delta Air Lines, or
any other company that borrows money over a range of maturities. Had we

FIGURE 1-6 U.S. Treasury Bond Interest Rates on Different Dates
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1 year 14.0 6.2 2.4
5 years 13.5 6.7 3.9
10 years 12.8 6.7 4.6

30 years 12.3 6.3 5.5
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Self-Test
Questions

constructed corporate curves and plotted them on Figure 1-6, they would have been
above those for Treasury securities because corporate yields include default risk pre-
miums. However, the corporate yield curves would have had the same general shape as
the Treasury curves. Also, the riskier the corporation, the higher its yield curve, so
Delta Airlines, which has a lower bond rating than either Exxon Mobil or IBM, would
have a higher yield curve than those of Exxon Mobil and IBM.

Historically, in most years long-term rates have been above short-term rates, so
the yield curve usually slopes upward. For this reason, people often call an upward-
sloping yield curve a “normal” yield curve and a yield curve that slopes downward
an inverted, or “abnormal,” curve. Thus, in Figure 1-6 the yield curve for March
1980 was inverted and the one for October 2001 was normal. However, the February
2000 curve is humped, which means that interest rates on medium-term maturities
are higher than rates on both short- and long-term maturities. We explain in detail in
the next section why an upward slope is the normal situation, but briefly, the reason
is that short-term securities have less interest rate risk than longer-term securities,
hence smaller MRPs. Therefore, short-term rates are normally lower than long-term
rates.

What is a yield curve, and what information would you need to draw this curve?

Explain the shapes of a “normal” yield curve, an “abnormal” curve, and a
“humped” curve.

What Determines the Shape of the Yield Curve?

Since maturity risk premiums are positive, then if other things were held constant,
long-term bonds would have higher interest rates than short-term bonds. However,
market interest rates also depend on expected inflation, default risk, and liquidity, and
each of these factors can vary with maturity.

Expected inflation has an especially important effect on the yield curve’s shape. To
see why, consider U.S. Treasury securities. Because Treasuries have essentially no de-
fault or liquidity risk, the yield on a Treasury bond that matures in t years can be found
using the following equation:

r. = r* + IP, + MRP,.

While the real risk-free rate, r*, may vary somewhat over time because of changes in
the economy and demographics, these changes are random rather than predictable, so
it is reasonable to assume that r* will remain constant. However, the inflation pre-
mium, IP, does vary significantly over time, and in a somewhat predictable manner.
Recall that the inflation premium is simply the average level of expected inflation over
the life of the bond. For example, during a recession inflation is usually abnormally
low. Investors will expect higher future inflation, leading to higher inflation premiums
for long-term bonds. On the other hand, if the market expects inflation to decline in
the future, long-term bonds will have a smaller inflation premium than short-term
bonds. Finally, if investors consider long-term bonds to be riskier than short-term
bonds, the maturity risk premium will increase with maturity.

Panel a of Figure 1-7 shows the yield curve when inflation is expected to increase.
Here long-term bonds have higher yields for two reasons: (1) Inflation is expected to
be higher in the future, and (2) there is a positive maturity risk premium. Panel b of
Figure 1-7 shows the yield curve when inflation is expected to decline, causing the
yield curve to be downward sloping. Downward sloping yield curves often foreshadow
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FIGURE 1-7 lllustrative Treasury Yield Curves
a. When Inflation Is Expected to Increase b. When Inflation Is Expected to Decrease
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1 year 2.50% 3.00% 0.00% 5.50% 1 year 2.50% 5.00% 0.00% 7.50%
5 years 2.50 3.40 0.18 6.08 5 years 2.50 4.60 0.18 7.28
10 years 2.50 4.00 0.28 6.78 10 years 2.50 4.00 0.28 6.78
20 years 2.50 4.50 0.42 7.42 20 years 2.50 3.50 0.42 6.42
30 years 2.50 4.67 0.53 7.70 30 years 2.50 3.33 0.53 6.36

economic downturns, because weaker economic conditions tend to be correlated with
declining inflation, which in turn leads to lower long-term rates.

Now let’s consider the yield curve for corporate bonds. Recall that corporate
bonds include a default-risk premium (DRP) and a liquidity premium (LP).
Therefore, the yield on a corporate bond that matures in t years can be expressed
as follows:

re, = r* + IP, + MRP, + DRP, + LP,.

A corporate bond’s default and liquidity risks are affected by its maturity. For ex-
ample, the default risk on Coca-Cola’s short-term debt is very small, since there is al-
most no chance that Coca-Cola will go bankrupt over the next few years. However,
Coke has some 100-year bonds, and while the odds of Coke defaulting on these bonds
still might not be high, the default risk on these bonds is considerably higher than that
on its short-term debt.
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FIGURE 1-8 Corporate and Treasury Yield Curves
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Longer-term corporate bonds are also less liquid than shorter-term debt, hence
the liquidity premium rises as maturity lengthens. The primary reason for this is that,
for the reasons discussed earlier, short-term debt has less default and interest rate risk,
so a buyer can buy short-term debt without having to do as much credit checking as
would be necessary for long-term debt. Thus, people can move into and out of short-
term corporate debt much more rapidly than long-term debt. The end result is that
short-term corporate debt is more liquid, hence has a smaller liquidity premium than
the same company’s long-term debt.

Figure 1-8 shows yield curves for an AA-rated corporate bond with minimal de-
fault risk and a BBB-rated bond with more default risk, along with the yield curve
for Treasury securities as taken from Panel a of Figure 1-7. Here we assume that
inflation is expected to increase, so the Treasury yield curve is upward sloping. Be-
cause of their additional default and liquidity risk, corporate bonds always trade at a
higher yield than Treasury bonds with the same maturity, and BBB-rated bonds trade
at higher yields than AA-rated bonds. Finally, note that the yield spread between
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corporate bonds and Treasury bonds is larger the longer the maturity. This occurs be-
cause longer-term corporate bonds have more default and liquidity risk than shorter-
term bonds, and both of these premiums are absent in Treasury bonds.

How do maturity risk premiums affect the yield curve?
Self-Test ynskp Y

Questions If the rate of inflation is expected to increase, would this increase or decrease
the slope of the yield curve?

If the rate of inflation is expected to remain constant in the future, would the
yield curve slope up, down, or be horizontal?

Explain why corporate bonds’ default and liquidity premiums are likely to in-
crease with maturity.

Explain why corporate bonds always trade at higher yields than Treasury bonds
and why BBB-rated bonds always trade at higher yields than otherwise similar
AA-rated bonds.

Using the Yield Curve to Estimate Future Interest Rates’’

In the last section we saw that the shape of the yield curve depends primarily on
two factors: (1) expectations about future inflation and (2) the relative riskiness
of securities with different maturities. We also saw how to calculate the yield
curve, given inflation and maturity-related risks. In practice, this process often works
in reverse: Investors and analysts plot the yield curve and then use information
embedded in it to estimate the market’s expectations regarding future inflation and
risk.

This process of using the yield curve to estimate future expected interest rates
is straightforward, provided (1) we focus on Treasury securities, and (2) we assume
that all Treasury securities have the same risk; that is, there is no maturity risk pre-
mium. Some academics and practitioners contend that this second assumption is
reasonable, at least as an approximation. They argue that the market is dominated
by large bond traders who buy and sell securities of different maturities each day,
that these traders focus only on short-term returns, and that they are not concerned
with risk. According to this view, a bond trader is just as willing to buy a 30-year
bond to pick up a short-term profit as he would be to buy a three-month security.
Strict proponents of this view argue that the shape of the yield curve is therefore
determined only by market expectations about future interest rates, and this
position has been called the pure expectations theory of the term structure of interest
rates.

The pure expectations theory (which is sometimes called the “expectations
theory”) assumes that investors establish bond prices and interest rates strictly on the
basis of expectations for interest rates. This means that they are indifferent with re-
spect to maturity in the sense that they do not view long-term bonds as being riskier
than short-term bonds. If this were true, then the maturity risk premium (MRP)
would be zero, and long-term interest rates would simply be a weighted average of
current and expected future short-term interest rates. For example, if 1-year Treasury
bills currently yield 7 percent, but 1-year bills were expected to yield 7.5 percent a

"This section is relatively technical, but instructors can omit it without loss of continuity.
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year from now, investors would expect to earn an average of 7.25 percent over the next

two years:'®

7% + 7.5%

=725%.
P 7

According to the expectations theory, this implies that a 2-year Treasury note pur-
chased today should yield 7.25 percent. Similarly, if 10-year bonds yield 9 percent to-
day, and if 5-year bonds are expected to yield 7.5 percent 10 years from now, then in-
vestors should expect to earn 9 percent for 10 years and 7.5 percent for 5 years, for an
average return of 8.5 percent over the next 15 years:

9% +9% +- - - +9% +75% +- - - +7.5% 1009%) + 5(7.5%)

T = T =8.5%.

Consequently, a 15-year bond should yield this same return, 8.5 percent.

"To understand the logic behind this averaging process, ask yourself what would
happen if long-term yields were 7ot an average of expected short-term yields. For ex-
ample, suppose 2-year bonds yielded only 7 percent, not the 7.25 percent calculated
above. Bond traders would be able to earn a profit by adopting the following trading
strategy:

1. Borrow money for two years at a cost of 7 percent.
2. Invest the money in a series of 1-year bonds. The expected return over the 2-year
period would be (7.0 + 7.5)/2 = 7.25%.

In this case, bond traders would rush to borrow money (demand funds) in the 2-
year market and invest (or supply funds) in the 1-year market. Recall from Figure 1-3
that an increase in the demand for funds raises interest rates, whereas an increase in
the supply of funds reduces interest rates. Therefore, bond traders’ actions would
push up the 2-year yield but reduce the yield on 1-year bonds. The net effect would be
to bring about a market equilibrium in which 2-year rates were a weighted average of
expected future 1-year rates.

Under these assumptions, we can use the yield curve to “back out” the bond mar-
ket’s best guess about future interest rates. If, for example, you observe that Treasury
securities with 1- and 2-year maturities yield 7 percent and 8 percent, respectively, this
information can be used to calculate the market’s forecast of what 1-year rates will
yield one year from now. If the pure expectations theory is correct, the rate on 2-year
bonds is the average of the current 1-year rate and the 1-year rate expected a year
from now. Since the current 1-year rate is 7 percent, this implies that the 1-year rate
one year from now is expected to be 9 percent:

7% + X%
2
X =16% — 7% = 9% = l-year yield expected next year.

2-year yield = 8% =

"¥Technically, we should be using geometric averages rather than arithmetic averages, but the differences
are not material in this example. In this example, we would set up the following equation: (1 + 0.07)(1.075) =
(1 + X)2 The left side is the amount we would have if we invested $1 at 7 percent for one year and then
reinvested the original $1 and the $0.07 interest for an additional year at the rate of 7.5 percent. The right
side is the total amount we would have if instead we had invested $1 at the rate X percent for two years.
Solving for X, we find that the true two-year yield is 7.2497 percent. Since this is virtually identical to the
arithmetic average of 7.25 percent, we simply use arithmetic averages. For a discussion of this point, see
Robert C. Radcliffe, Investment: Concepts, Analysis, and Strategy, 5th ed. (Reading, MA: Addison-Wesley,
1997), Chapter 5.
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The preceding analysis was based on the assumption that the maturity risk pre-
mium is zero. However, most evidence suggests that there is a positive maturity risk
premium, so the MRP should be taken into account.

For example, assume once again that 1- and 2-year maturities yield 7 percent and
8 percent, respectively, but now assume that the maturity risk premium on the 2-year
bond is 0.5 percent. This maturity risk premium implies that the expected return on
2-year bonds (8 percent) is 0.5 percent higher than the expected returns from buying
a series of 1-year bonds (7.5 percent). With this background, we can use the following
two-step procedure to back out X, the expected 1-year rate one year from now:

2-year yield — MRP on 2-year bond = 8.0% — 0.5% = 7.5%.
7.5% = (7.0% + X%)/2

X =150% — 7.0% = 8.0%.
Therefore, the yield next year on a 1-year T-bond should be 8 percent, up from 7 per-
cent this year.

Step 1:
Step 2:

What key assumption underlies the pure expectations theory?

Assuming that the pure expectations theory is correct, how are long-term inter-
est rates calculated?

According to the pure expectations theory, what would happen if long-term
rates were not an average of expected short-term rates?

Investing Overseas

Euromoney magazine pub-
lishes ranking, based on
country risk. Students can
access the home page of
Euromoney magazine by
typing http://www.
euromoney.com. Although
the site requires users to
register, the site is free to
use (although some data
sets and articles are avail-
able only to subscribers.)
Yahoo also provides
country risk evaluations at
http://biz.yahoo.com/ifc/.

Self-Test

Questions

Investors should consider additional risk factors before investing overseas. First there
is country risk, which refers to the risk that arises from investing or doing business in
a particular country. This risk depends on the country’s economic, political, and social
environment. Countries with stable economic, social, political, and regulatory systems
provide a safer climate for investment, and therefore have less country risk, than less
stable nations. Examples of country risk include the risk associated with changes in tax
rates, regulations, currency conversion, and exchange rates. Country risk also includes
the risk that property will be expropriated without adequate compensation, as well as
new host country stipulations about local production, sourcing or hiring practices, and
damage or destruction of facilities due to internal strife.

A second thing to keep in mind when investing overseas is that more often than
not the security will be denominated in a currency other than the dollar, which means
that the value of your investment will depend on what happens to exchange rates. This
is known as exchange rate risk. For example, if a U.S. investor purchases a Japanese
bond, interest will probably be paid in Japanese yen, which must then be converted
into dollars if the investor wants to spend his or her money in the United States. If the
yen weakens relative to the dollar, then it will buy fewer dollars, hence the investor
will receive fewer dollars when it comes time to convert. Alternatively, if the yen
strengthens relative to the dollar, the investor will earn higher dollar returns. It there-
fore follows that the effective rate of return on a foreign investment will depend on
both the performance of the foreign security and on what happens to exchange rates
over the life of the investment.

What is country risk?
What is exchange rate risk?
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Other Factors That Influence Interest Rate Levels

The home page for the
Board of Governors of the
Federal Reserve System

can be found at http://
www.federalreserve.gov.
You can access general in-
formation about the Federal
Reserve, including press
releases, speeches, and
monetary policy.

In addition to inflationary expectations, other factors also influence both the general
level of interest rates and the shape of the yield curve. The four most important
factors are (1) Federal Reserve policy; (2) the federal budget deficit or surplus; (3) in-
ternational factors, including the foreign trade balance and interest rates in other
countries; and (4) the level of business activity.

Federal Reserve Policy

As you probably learned in your economics courses, (1) the money supply has a major
effect on both the level of economic activity and the inflation rate, and (2) in the
United States, the Federal Reserve Board controls the money supply. If the Fed wants
to stimulate the economy, it increases growth in the money supply. The initial effect
would be to cause interest rates to decline. However, a larger money supply may also
lead to an increase in expected inflation, which would push interest rates up. The re-
verse holds if the Fed tightens the money supply.

To illustrate, in 1981 inflation was quite high, so the Fed tightened up the money
supply. The Fed deals primarily in the short end of the market, so this tightening had
the direct effect of pushing short-term rates up sharply. At the same time, the very
fact that the Fed was taking strong action to reduce inflation led to a decline in ex-
pectations for long-run inflation, which led to a decline in long-term bond yields.

In 2000 and 2001, the situation was reversed. To stimulate the economy, the Fed
took steps to reduce interest rates. Short-term rates fell, and long-term rates also
dropped, but not as sharply. These lower rates benefitted heavily indebted businesses
and individual borrowers, and home mortgage refinancings put additional billions of
dollars into consumers’ pockets. Savers, of course, lost out, but lower interest rates en-
couraged businesses to borrow for investment, stimulated the housing market, and
brought down the value of the dollar relative to other currencies, which helped U.S.
exporters and thus lowered the trade deficit.

During periods when the Fed is actively intervening in the markets, the yield curve
may be temporarily distorted. Short-term rates will be temporarily “too low” if the
Fed is easing credit, and “too high” if it is tightening credit. Long-term rates are not
affected as much by Fed intervention. For example, the fear of a recession led the Fed-
eral Reserve to cut short-term interest rates eight times between May 2000 and Octo-
ber 2001. While short-term rates fell by 3.5 percentage point, long-term rates went
down only 0.7 percentage points.

Budget Deficits or Surpluses

If the federal government spends more than it takes in from tax revenues, it runs a
deficit, and that deficit must be covered either by borrowing or by printing money (in-
creasing the money supply). If the government borrows, this added demand for funds
pushes up interest rates. If it prints money, this increases expectations for future infla-
tion, which also drives up interest rates. Thus, the larger the federal deficit, other
things held constant, the higher the level of interest rates. Whether long- or short-
term rates are more affected depends on how the deficit is financed, so we cannot
state, in general, how deficits will affect the slope of the yield curve.

Over the past several decades, the federal government routinely ran large budget
deficits. However, in 1999, for the first time in recent memory, the government had a
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budget surplus. As a result, the government paid back existing debt faster than it is-
sued new debt. The net result was a decrease in the national debt. If these surpluses
had continued, the government would be a net supplier of funds rather than a net bor-
rower. However, the events of 9/11, when combined with the current recession and
the Bush administration’s tax cuts, have caused a current budget deficit.

International Factors

Businesses and individuals in the United States buy from and sell to people and firms
in other countries. If we buy more than we sell (that is, if we import more than we ex-
port), we are said to be running a foreign trade deficit. When trade deficits occur, they
must be financed, and the main source of financing is debt. In other words, if we im-
port $200 billion of goods but export only $100 billion, we run a trade deficit of $100
billion, and we would probably borrow the $100 billion.'"” Therefore, the larger our
trade deficit, the more we must borrow, and as we increase our borrowing, this drives
up interest rates. Also, foreigners are willing to hold U.S. debt if and only if the rate
paid on this debt is competitive with interest rates in other countries. Therefore, if the
Federal Reserve attempts to lower interest rates in the United States, causing our rates
to fall below rates abroad, then foreigners will sell U.S. bonds, those sales will depress
bond prices, and that in turn will result in higher U.S. rates. Thus, if the trade deficit
is large relative to the size of the overall economy, it will hinder the Fed’s ability to
combat a recession by lowering interest rates.

The United States has been running annual trade deficits since the mid-1970s, and
the cumulative effect of these deficits is that the United States has become the largest
debtor nation of all time. As a result, our interest rates are very much influenced by in-
terest rates in other countries around the world—higher rates abroad lead to higher
U.S. rates, and vice versa. Because of all this, U.S. corporate treasurers—and anyone
else who is affected by interest rates—must keep up with developments in the world
economy.

Business Activity

Figure 1-4, presented earlier, can be examined to see how business conditions influ-
ence interest rates. Here are the key points revealed by the graph:

1. Because inflation increased from 1961 to 1981, the general tendency during that
period was toward higher interest rates. However, since the 1981 peak, the trend
has generally been downward.

2. Undil 1966, short-term rates were almost always below long-term rates. Thus, in
those years the yield curve was almost always “normal” in the sense that it was up-
ward sloping.

3. The shaded areas in the graph represent recessions, during which (a) both the de-
mand for money and the rate of inflation tend to fall and (b) the Federal Reserve
tends to increase the money supply in an effort to stimulate the economy. As a re-
sult, there is a tendency for interest rates to decline during recessions. For example,
on three different occasions in 1998 the Fed lowered rates by 25 basis points to

"The deficit could also be financed by selling assets, including gold, corporate stocks, entire companies,
and real estate. The United States has financed its massive trade deficits by all of these means in recent
years, but the primary method has been by borrowing from foreigners.

43



44 An Overview of Corporate Finance and the Financial Environment

combat the deepening global economic and financial crisis. When the economy is
growing rapidly and inflation threatens, the Fed raises interest rates, as it did six
times in 1999 and early 2000. The Fed gave four reasons for the rate hikes: healthy
financial markets, a persistent strength in domestic demand, firmer foreign
economies, and a tight labor market. Currently, in early 2002, we are in a period of
recession, and the Fed has cut rates eleven times since mid-2000.

4. During recessions, short-term rates decline more sharply than long-term rates.
This occurs because (a) the Fed operates mainly in the short-term sector, so its in-
tervention has the strongest effect there, and (b) long-term rates reflect the average
expected inflation rate over the next 20 to 30 years, and this expectation generally
does not change much, even when the current inflation rate is low because of a re-
cession or high because of a boom. So, short-term rates are more volatile than
long-term rates.

Self-Test Other than inflationary expectations, name some additional factors that influ-
Questions ence interest rates, and explain the effects of each.

How does the Fed stimulate the economy? How does the Fed affect interest
rates? Does the Fed have complete control over U.S. interest rates; that is, can it
set rates at any level it chooses?

Organization of the Book

The primary goal of a manager should be to maximize the value of his or her firm.
To achieve this goal, managers must have a general understanding of how busi-
nesses are organized, how financial markets operate, how interest rates are deter-
mined, how the tax system operates, and how accounting data are used to evaluate
a business’s performance. In addition, managers must have a good understanding of
such fundamental concepts as the time value of money, risk measurement, asset
valuation, and techniques for evaluating specific investment opportunities. This
background information is essential for anyone involved with the kinds of decisions
that affect the value of a firm’s securities.

The book’s organization reflects these considerations. Part One contains the basic
building blocks of finance, beginning here in Chapter 1 with an overview of corporate
finance and the financial markets. Then, in Chapters 2 and 3, we cover two of the
most important concepts in finance—the time value of money and the relationship be-
tween risk and return.

Part Two covers the valuation of securities and projects. Chapter 4 focuses on
bonds, and Chapter 5 considers stocks. Both chapters describe the relevant institu-
tional details, then explain how risk and time value jointly determine stock and bond
prices. Then, in Chapter 6, we explain how to measure the cost of capital, which is the
rate of return that investors require on capital used to fund a company’s projects.
Chapter 7 goes on to show how we determine whether a potential project will add
value to the firm, while Chapter 8 shows how to estimate the size and risk of the cash
flows that a project will produce.

Part Three addresses the issue of corporate valuation. Chapter 9 describes the key
financial statements, discusses what these statements are designed to do, and then ex-
plains how our tax system affects earnings, cash flows, stock prices, and managerial de-
cisions. Chapter 10 shows how to use financial statements to identify a firm’s strengths
and weaknesses, and Chapter 11 develops techniques for forecasting future financial
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statements. Finally, Chapter 12 shows how to use its cost of capital and projected
financial statements to determine a corporation’s value. The corporate valuation
model is useful to investors, and it also allows managers to estimate the impact that
proposed changes in operating strategies will have on the value of the corporation.
Chapter 12 concludes with a discussion of corporate governance, which has a direct
impact on how much value companies create for their shareholders.

Part Four discusses corporate financing decisions, which means how money
should be raised. Chapter 13 examines capital structure theory, or the issue of how
much debt versus equity the firm should use. Then, Chapter 14 considers the firm’s
distribution policy; that is, how much of the net income should be retained for rein-
vestment versus being paid out, either as a dividend or as a share repurchase?

Finally, in Part Five, we address several special topics that draw upon the earlier
chapters, including multinational financial management, working capital manage-
ment, option pricing, and real options.

It is worth noting that instructors may cover the chapters in a different sequence
from the order in the book. The chapters are written in a modular, self-contained
manner, so such reordering should present no major difficulties.

Corporate Finance’s web site at http://ehrhardt.swcollege.com contains several types
of files:

1. It contains Excel files, called Tool Kits, that provide well documented models for al-
most all of the text’s calculations. Not only will these Tool Kits help you with this
finance course, but they will serve as tool kits for you in other courses and in your
career.

2. There are problems at the end of the chapters that require spreadsheets, and
the web site contains the models you will need to begin work on these problems.

3. The web site also contains PowerPoint and Excel files that correspond to the Mini
Cases at the end of each chapter.

When we think it might be helpful for you to look at one of the web site’s files, we’ll
show an icon in the margin like the one that is shown here.

Other resources are also on the web page, including Web Safaris, which are links to
useful web data and descriptions for navigating the sites to access the data.

In this chapter, we provided an overview of corporate finance and of the financial en-
vironment. We discussed the nature of financial markets, the types of institutions that
operate in these markets, and how interest rates are determined. In later chapters we
will use this information to help value different investments, and to better understand
corporate financing and investing decisions. The key concepts covered are listed
below:

e The three main forms of business organization are the sole proprietorship, the
partnership, and the corporation.

45



46 An Overview of Corporate Finance and the Financial Environment

e Although each form of organization offers advantages and disadvantages, corpo-
rations conduct most business in the United States because this organiza-
tional form maximizes larger firms’ values.

e The primary objective of management should be to maximize stockholders’
wealth, and this means maximizing the stock price. Legal actions that maximize
stock prices usually increase social welfare.

e Firms increase cash flows by creating value for customers, suppliers, and em-
ployees.

e Three factors determine cash flows: (1) sales, (2) after-tax operating profit mar-
gins, and (3) capital requirements.

e The price of a firm’s stock depends on the size of the firm’s cash flows, the
timing of those flows, and their risk. The size and risk of the cash flows are af-
fected by the financial environment as well as the investment, financing, and
dividend policy decisions made by financial managers.

e 'There are many different types of financial markets. Each market serves a differ-
ent region or deals with a different type of security.

e Physical asset markets, also called tangible or real asset markets, are those for
such products as wheat, autos, and real estate.

e Financial asset markets deal with stocks, bonds, notes, mortgages, and other
claims on real assets.

e Spot markets and futures markets are terms that refer to whether the assets are
bought or sold for “on-the-spot” delivery or for delivery at some future date.

e Money markets are the markets for debt securities with maturities of less than
one year.

e Capital markets are the markets for long-term debt and corporate stocks.

e Primary markets are the markets in which corporations raise new capital.

e Secondary markets are markets in which existing, already outstanding, securities
are traded among investors.

e A derivative is a security whose value is derived from the price of some other “un-
derlying” asset.

e Transfers of capital between borrowers and savers take place (1) by direct trans-
fers of money and securities; (2) by transfers through investment banking
houses, which act as middlemen; and (3) by transfers through financial interme-
diaries, which create new securities.

e The major intermediaries include commercial banks, savings and loan associa-
tions, mutual savings banks, credit unions, pension funds, life insurance
companies, and mutual funds.

e One result of ongoing regulatory changes has been a blurring of the distinctions
between the different financial institutions. The trend in the United States has
been toward financial service corporations that offer a wide range of financial
services, including investment banking, brokerage operations, insurance, and com-
mercial banking.

e The stock market is an especially important market because this is where stock
prices (which are used to “grade” managers’ performances) are established.

e There are two basic types of stock markets—the physical location exchanges
(such as NYSE) and computer/telephone networks (such as Nasdaq).

e Orders from buyers and sellers can be matched in one of three ways: (1) in an open
outcry auction; (2) through dealers; and (3) automatically through an electronic
communications network (ECN).

e Capital is allocated through the price system—a price must be paid to “rent”
money. Lenders charge interest on funds they lend, while equity investors receive
dividends and capital gains in return for letting firms use their money.
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Four fundamental factors affect the cost of money: (1) production opportunities,
(2) time preferences for consumption, (3) risk, and (4) inflation.

The risk-free rate of interest, rry, is defined as the real risk-free rate, r*, plus an
inflation premium, IP, hence rgp = r* + IP.

The nominal (or quoted) interest rate on a debt security, r, is composed of the
real risk-free rate, r*, plus premiums that reflect inflation (IP), default risk (DRP),
liquidity (LP), and maturity risk (MRP):

r=r"+1IP + DRP + LP + MRP.

If the real risk-free rate of interest and the various premiums were constant
over time, interest rates would be stable. However, both the real rate and the
premiums—especially the premium for expected inflation—do change over time,
causing market interest rates to change. Also, Federal Reserve intervention to
increase or decrease the money supply, as well as international currency flows, lead
to fluctuations in interest rates.

The relationship between the yields on securities and the securities’ maturities is
known as the term structure of interest rates, and the yield curve is a graph of
this relationship.

The shape of the yield curve depends on two key factors: (1) expectations about
future inflation and (2) perceptions about the relative riskiness of securities
with different maturities.

The yield curve is normally upward sloping—this is called a normal yield curve.
However, the curve can slope downward (an inverted yield curve) if the inflation
rate is expected to decline. The yield curve can be humped, which means that in-
terest rates on medium-term maturities are higher than rates on both short- and
long-term maturities.

Define each of the following terms:
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. Sole proprietorship; partnership; corporation
. Limited partnership; limited liability partnership; professional corporation
. Stockholder wealth maximization

Money market; capital market; primary market; secondary market
Private markets; public markets; derivatives

. Investment banker; financial service corporation; financial intermediary

Mutual fund; money market fund

. Physical location exchanges; computer/telephone network
. Open outcry auction; dealer market; electronic communications network (ECN)

Production opportunities; time preferences for consumption
Real risk-free rate of interest, r*; nominal risk-free rate of interest, rgy

. Inflation premium (IP); default risk premium (DRP); liquidity; liquidity premium (LP)
. Interest rate risk; maturity risk premium (MRP); reinvestment rate risk

Term structure of interest rates; yield curve

. “Normal” yield curve; inverted (“abnormal”) yield curve
. Expectations theory
. Foreign trade deficit

What are the three principal forms of business organization? What are the advantages and dis-
advantages of each?

What are the three primary determinants of a firm’s cash flow?

What are financial intermediaries, and what economic functions do they perform?
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1-5
1-6

Which fluctuate more, long-term or short-term interest rates? Why?

Suppose the population of Area Y is relatively young while that of Area O is relatively old, but

everything else about the two areas is equal.

a. Would interest rates likely be the same or different in the two areas? Explain.

b. Would a trend toward nationwide branching by banks and savings and loans, and the devel-
opment of nationwide diversified financial corporations, affect your answer to part a?

Suppose a new and much more liberal Congress and administration were elected, and their first
order of business was to take away the independence of the Federal Reserve System, and to
force the Fed to greatly expand the money supply. What effect would this have

a. On the level and slope of the yield curve immediately after the announcement?

b. On the level and slope of the yield curve that would exist two or three years in the future?

It is a fact that the federal government (1) encouraged the development of the savings and loan

industry; (2) virtually forced the industry to make long-term, fixed-interest-rate mortgages; and

(3) forced the savings and loans to obtain most of their capital as deposits that were withdraw-

able on demand.

a. Would the savings and loans have higher profits in a world with a “normal” or an inverted
yield curve?

b. Would the savings and loan industry be better off if the individual institutions sold their
mortgages to federal agencies and then collected servicing fees or if the institutions held the
mortgages that they originated?

Self-Test Problem (solution Appears in Appendix A)

ST-1
INFLATION RATES

Problems

1-1
EXPECTED RATE OF INTEREST

1-2
DEFAULT RISK PREMIUM

1-3
EXPECTED RATE OF INTEREST

1-4
MATURITY RISK PREMIUM

1-5
EXPECTED RATE OF INTEREST

Assume that it is now January 1. The rate of inflation is expected to be 4 percent throughout the
year. However, increased government deficits and renewed vigor in the economy are then ex-
pected to push inflation rates higher. Investors expect the inflation rate to be 5 percent in Year
2, 6 percent in Year 3, and 7 percent in Year 4. The real risk-free rate, r*, is expected to remain
at 2 percent over the next 5 years. Assume that no maturity risk premiums are required on
bonds with 5 years or less to maturity. The current interest rate on 5-year T-bonds is 8 percent.
a. What is the average expected inflation rate over the next 4 years?

b. What should be the prevailing interest rate on 4-year T-bonds?

c. What is the implied expected inflation rate in Year 5, given that Treasury bonds which ma-

ture at the end of that year yield 8 percent?

The real risk-free rate of interest is 3 percent. Inflation is expected to be 2 percent this year and
4 percent during the next 2 years. Assume that the maturity risk premium is zero. What is the
yield on 2-year Treasury securities? What is the yield on 3-year Treasury securities?

A Treasury bond that matures in 10 years has a yield of 6 percent. A 10-year corporate bond has
a yield of 8 percent. Assume that the liquidity premium on the corporate bond is 0.5 percent.
What is the default risk premium on the corporate bond?

One-year Treasury securities yield 5 percent. The market anticipates that 1 year from now, 1-
year Treasury securities will yield 6 percent. If the pure expectations hypothesis is correct, what
should be the yield today for 2-year Treasury securities?

The real risk-free rate is 3 percent, and inflation is expected to be 3 percent for the next 2 years.
A 2-year Treasury security yields 6.2 percent. What is the maturity risk premium for the 2-year
security?

Interest rates on 1-year Treasury securities are currently 5.6 percent, while 2-year Treasury se-
curities are yielding 6 percent. If the pure expectations theory is correct, what does the market
believe will be the yield on 1-year securities 1 year from now?



1-6
EXPECTED RATE OF INTEREST

1-7
EXPECTED RATE OF INTEREST

1-8
EXPECTED RATE OF INTEREST

1-9
EXPECTED RATE OF INTEREST

1-10
MATURITY RISK PREMIUM

1-11
INTEREST RATES

1-12
YIELD CURVES
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Interest rates on 4-year Treasury securities are currently 7 percent, while interest rates on 6-
year Treasury securities are currently 7.5 percent. If the pure expectations theory is correct,
what does the market believe that 2-year securities will be yielding 4 years from now?

The real risk-free rate is 3 percent. Inflation is expected to be 3 percent this year, 4 percent
next year, and then 3.5 percent thereafter. The maturity risk premium is estimated to be
0.0005 X (t — 1), where t = number of years to maturity. What is the nominal interest rate on
a 7-year Treasury security?

Suppose the annual yield on a 2-year Treasury security is 4.5 percent, while that on a 1-year se-

curity is 3 percent. r* is 1 percent, and the maturity risk premium is zero.

a. Using the expectations theory, forecast the interest rate on a 1-year security during the sec-
ond year. (Hint: Under the expectations theory, the yield on a 2-year security is equal to the
average yield on 1-year securities in Years 1 and 2.)

b. What is the expected inflation rate in Year 1? Year 2?

Assume that the real risk-free rate is 2 percent and that the maturity risk premium is zero. If the
nominal rate of interest on 1-year bonds is 5 percent and that on comparable-risk 2-year bonds
is 7 percent, what is the 1-year interest rate that is expected for Year 2? What inflation rate is ex-
pected during Year 2? Comment on why the average interest rate during the 2-year period dif-
fers from the 1-year interest rate expected for Year 2.

Assume that the real risk-free rate, r*, is 3 percent and that inflation is expected to be 8 percent
in Year 1, 5 percent in Year 2, and 4 percent thereafter. Assume also that all Treasury securities
are highly liquid and free of default risk. If 2-year and 5-year Treasury notes both yield 10 per-
cent, what is the difference in the maturity risk premiums (MRPs) on the two notes; that is,
what is MRPs minus MRP,?

Due to a recession, the inflation rate expected for the coming year is only 3 percent. How-
ever, the inflation rate in Year 2 and thereafter is expected to be constant at some level above
3 percent. Assume that the real risk-free rate is r* = 2% for all maturities and that the ex-
pectations theory fully explains the yield curve, so there are no maturity premiums. If 3-year
Treasury notes yield 2 percentage points more than 1-year notes, what inflation rate is expected
after Year 1?

Suppose you and most other investors expect the inflation rate to be 7 percent next year, to fall
to 5 percent during the following year, and then to remain at a rate of 3 percent thereafter. As-
sume that the real risk-free rate, r*, will remain at 2 percent and that maturity risk premiums on
Treasury securities rise from zero on very short-term securities (those that mature in a few days)
to a level of 0.2 percentage point for 1-year securities. Furthermore, maturity risk premiums
increase 0.2 percentage point for each year to maturity, up to a limit of 1.0 percentage point on
S-year or longer-term T-notes and T-bonds.

a. Calculate the interest rate on 1-, 2-, 3-, 4-, 5-, 10-, and 20-year Treasury securities, and plot
the yield curve.

b. Now suppose Exxon Mobil, an AAA-rated company, had bonds with the same maturities as
the Treasury bonds. As an approximation, plot an Exxon Mobil yield curve on the same
graph with the Treasury bond yield curve. (Hint: Think about the default risk premium on
Exxon Mobil’s long-term versus its short-term bonds.)

c. Now plot the approximate yield curve of Long Island Lighting Company, a risky nuclear
utility.

Spreadsheet Problem

1-13
BUILD A MODEL:
ANALYZING INTEREST RATES

a. Start with the partial model in the file Cbh 01 P13 Build a Model.xls from the textbook’s web
site. Suppose you are considering two possible investment opportunities: a 12-year Treasury
bond and a 7-year, A-rated corporate bond. The current real risk-free rate is 4 percent, and in-
flation is expected to be 2 percent for the next two years, 3 percent for the following four years,
and 4 percent thereafter. The maturity risk premium is estimated by this formula: MRP = 0.1%
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See Ch 01 Show.ppt and
Ch 01 Mini Case.xls.

(t — 1). The liquidity premium for the corporate bond is estimated to be 0.7 percent. Finally,
you may determine the default risk premium, given the company’s bond rating, from the default
risk premium table in the text. What yield would you predict for each of these two investments?

b. Given the following Treasury bond yield information from the September 28, 2001, Federal
Reserve Statistical Release, construct a graph of the yield curve as of that date.

Maturity Yield

3 months 2.38%

6 months 2.31

1 year 2.43

2 years 2.78

3 years 3.15

5 years 3.87
10 years 4.58
20 years 5.46
30 years 5.45

c. Based on the information about the corporate bond that was given in part a, calculate yields
and then construct a new yield curve graph that shows both the Treasury and the corporate
bonds.

d. Using the Treasury yield information above, calculate the following forward rates:

(1) The 1-year rate, one year from now.

(2) The 5-year rate, five years from now.

(3) The 10-year rate, ten years from now.

(4) The 10-year rate, twenty years from now.

Assume that you recently graduated with a degree in finance and have just reported to work as
an investment advisor at the brokerage firm of Balik and Kiefer Inc. One of the firm’s clients is
Michelle DellaTorre, a professional tennis player who has just come to the United States from
Chile. DellaTorre is a highly ranked tennis player who would like to start a company to produce
and market apparel that she designs. She also expects to invest substantial amounts of money
through Balik and Kiefer. DellaTorre is very bright, and, therefore, she would like to under-
stand in general terms what will happen to her money. Your boss has developed the following
set of questions which you must ask and answer to explain the U.S. financial system to Della-
Torre.
a. Why is corporate finance important to all managers?
b. (1) What are the alternative forms of business organization?

(2) What are their advantages and disadvantages?
c. What should be the primary objective of managers?
(1) Do firms have any responsibilities to society at large?
(2) Is stock price maximization good or bad for society?
(3) Should firms behave ethically?
What factors affect stock prices?
What factors determine cash flows?
. What factors affect the level and risk of cash flows?
. What are financial assets? Describe some financial instruments.
. Who are the providers (savers) and users (borrowers) of capital? How is capital transferred

between savers and borrowers?

. List some financial intermediaries.
j- What are some different types of markets?
k. How are secondary markets organized?

(1) List some physical location markets and some computer/telephone networks.

(2) Explain the differences between open outcry auctions, dealer markets, and electronic

communications networks (ECNs).

B0 e &

. .



An Overview of Corporate Finance and the Financial Environment

. What do we call the price that a borrower must pay for debt capital? What is the price of eq-
uity capital? What are the four most fundamental factors that affect the cost of money, or
the general level of interest rates, in the economy?

. What is the real risk-free rate of interest (r*) and the nominal risk-free rate (rgp)? How are
these two rates measured?

. Define the terms inflation premium (IP), default risk premium (DRP), liquidity premium
(LP), and maturity risk premium (MRP). Which of these premiums is included when deter-
mining the interest rate on (1) short-term U.S. Treasury securities, (2) long-term U.S. Trea-
sury securities, (3) short-term corporate securities, and (4) long-term corporate securities?
Explain how the premiums would vary over time and among the different securities listed
above.

. What is the term structure of interest rates? What is a yield curve?

. Suppose most investors expect the inflation rate to be 5 percent next year, 6 percent the fol-
lowing year, and 8 percent thereafter. The real risk-free rate is 3 percent. The maturity risk
premium is zero for securities that mature in 1 year or less, 0.1 percent for 2-year securities,
and then the MRP increases by 0.1 percent per year thereafter for 20 years, after which it is
stable. What is the interest rate on 1-year, 10-year, and 20-year Treasury securities? Draw a
yield curve with these data. What factors can explain why this constructed yield curve is up-
ward sloping?

. At any given time, how would the yield curve facing an AAA-rated company compare with
the yield curve for U.S. Treasury securities? At any given time, how would the yield curve
facing a BB-rated company compare with the yield curve for U.S. Treasury securities? Draw
a graph to illustrate your answer.

. What is the pure expectations theory? What does the pure expectations theory imply about
the term structure of interest rates?

. Suppose that you observe the following term structure for Treasury securities:

Maturity Yield
1 year 6.0%
2 years 6.2
3 years 6.4
4 years 6.5
5 years 6.5

Assume that the pure expectations theory of the term structure is correct. (This implies that
you can use the yield curve given above to “back out” the market’s expectations about future
interest rates.) What does the market expect will be the interest rate on 1-year securities one
year from now? What does the market expect will be the interest rate on 3-year securities
two years from now?

. Finally, DellaTorre is also interested in investing in countries other than the United States.
Describe the various types of risks that arise when investing overseas.

Selected Additional References

For alternative views on firms’ goals and objectives, see the follow-

ing articles:

Cornell, Bradford, and Alan C. Shapiro, “Corporate Stake-
holders and Corporate Finance,” Financial Management,
Spring 1987, 5-14.

Seitz, Neil, “Shareholder Goals, Firm Goals and Firm Fi-
nancing Decisions,” Financial Management, Autumn
1982, 20-26.

For a general review of academic finance, together with an exten-
sive bibliography of key research articles, see

Brennan, Michael J., “Corporate Finance Over the Past 25
Years,” Financial Management, Summer 1995, 9-22.

Cooley, Philip L., and J. Louis Heck, “Significant Contribu-
tions to Finance Literature,” Financial Management,
Tenth Anniversary Issue 1981, 23-33.
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Time Value of Money'

Wi you be able to retire? Your reaction to this question is probably, “First
things first! I'm worried about getting a job, not retiring!” However, an awareness
of the retirement situation could help you land a job because (1) this is an impor-
tant issue today, (2) employers prefer to hire people who know the issues, and
(3) professors often test students on time value of money with problems related to
saving for some future purpose, including retirement. So read on.

A recent Fortune article began with some interesting facts: (1) The U.S. savings
rate is the lowest of any industrial nation. (2) The ratio of U.S. workers to retirees, which
was 17 to 1in 1950, is now down to 3.2 to 1, and it will decline to less than 2 to 1 after
2020. (3) With so few people paying into the Social Security System and so many draw-
ing funds out, Social Security may soon be in serious trouble. The article concluded that
even people making $85,000 per year will have trouble maintaining a reasonable stan-
dard of living after they retire, and many of today’s college students will have to support
their parents.

If Ms. Jones, who earns $85,000, retires in 2002, expects to live for another 20
years after retirement, and needs 80 percent of her pre-retirement income, she would
require $68,000 during 2002. However, if inflation amounts to 5 percent per year, her
income requirement would increase to $110,765 in 10 years and to $180,424 in 20
years. If inflation were 7 percent, her Year 20 requirement would jump to $263,139!
How much wealth would Ms. Jones need at retirement to maintain her standard of liv-
ing, and how much would she have had to save during each working year to accumu-
late that wealth?

The answer depends on a number of factors, including the rate she could earn
on savings, the inflation rate, and when her savings program began. Also, the answer
would depend on how much she will get from Social Security and from her corporate
retirement plan, if she has one. (She might not get much from Social Security unless
she is really down and out.) Note, too, that her plans could be upset if the inflation
rate increased, if the return on her savings changed, or if she lived beyond 20 years.

Fortune and other organizations have done studies relating to the retirement
issue, using the tools and techniques described in this chapter. The general conclu-
sion is that most Americans have been putting their heads in the sand—many of us
have been ignoring what is almost certainly going to be a huge personal and social
problem. But if you study this chapter carefully, you can avoid the trap that seems to
be catching so many people.

"This chapter was written on the assumption that most students will have a financial calculator or personal
computer. Calculators are relatively inexpensive, and students who cannot use them run the risk of being
deemed obsolete and uncompetitive before they even graduate. Therefore, the chapter has been written to
include a discussion of financial calculator solutions along with computer solutions using Excel.

Note also that tutorials on how to use both Exce/ and several Hewlett-Packard, Texas Instruments, and
Sharp calculators are provided in the Technology Supplement to this book, which is available to adopting in-
structors.
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Excellent retirement calcula-
tors are available at http://
www.ssa.gov and http://
www.asec.org. These allow
you to input hypothetical
retirement savings infor-
mation, and the program
shows graphically if current
retirement savings will be
sufficient to meet retirement
needs.

Time Lines

The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 02
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

In Chapter 1, we saw that the primary objective of financial management is to maxi-
mize the value of the firm’s stock. We also saw that stock values depend in part on the
timing of the cash flows investors expect to receive from an investment—a dollar ex-
pected soon is worth more than a dollar expected in the distant future. Therefore, it is
essential for financial managers to have a clear understanding of the time value of
money and its impact on stock prices. These concepts are discussed in this chapter,
where we show how the timing of cash flows affects asset values and rates of return.

The principles of time value analysis have many applications, ranging from setting
up schedules for paying off loans to decisions about whether to acquire new equip-
ment. I fact, of all the concepts used in finance, none is more important than the time value
of money, which is also called discounted cash flow (DCF) analysis. Since this con-
cept is used throughout the remainder of the book, it is vital that you understand the
material in this chapter before you move on to other topics.

One of the most important tools in time value analysis is the time line, which is used
by analysts to help visualize what is happening in a particular problem and then to
help set up the problem for solution. To illustrate the time line concept, consider the
following diagram:

Time: 0 1 2 3 4

Time 0 is today; Time 1 is one period from today, or the end of Period 1; Time 2 is
two periods from today, or the end of Period 2; and so on. Thus, the numbers above
the tick marks represent end-of-period values. Often the periods are years, but other
time intervals such as semiannual periods, quarters, months, or even days can be used.
If each period on the time line represents a year, the interval from the tick mark cor-
responding to 0 to the tick mark corresponding to 1 would be Year 1, the interval from
1 to 2 would be Year 2, and so on. Note that each tick mark corresponds to the end of
one period as well as the beginning of the next period. In other words, the tick mark at
Time 1 represents the end of Year 1, and it also represents the beginning of Year 2 be-
cause Year 1 has just passed.

Cash flows are placed directly below the tick marks, and interest rates are shown
directly above the time line. Unknown cash flows, which you are trying to find in the
analysis, are indicated by question marks. Now consider the following time line:

Time: 0
Cash flows: — 1(')0

5% 1 2

[RUX SR

Here the interest rate for each of the three periods is 5 percent; a single amount (or
lump sum) cash outflow is made at Time 0; and the Time 3 value is an unknown nflow.
Since the initial $100 is an outflow (an investment), it has a minus sign. Since the Pe-
riod 3 amount is an inflow, it does not have a minus sign, which implies a plus sign.
Note that no cash flows occur at Times 1 and 2. Note also that we generally do not
show dollar signs on time lines to reduce clutter.

Now consider a different situation, where a $100 cash outflow is made today, and
we will receive an unknown amount at the end of Time 2:
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Here the interest rate is 5 percent during the first period, but it rises to 10 percent
during the second period. If the interest rate is constant in all periods, we show it only
in the first period, but if it changes, we show all the relevant rates on the time line.

Time lines are essential when you are first learning time value concepts, but even
experts use time lines to analyze complex problems. We will be using time lines
throughout the book, and you should get into the habit of using them when you work
problems.

Draw a three-year time line to illustrate the following situation: (1) An outflow of
$10,000 occurs at Time 0. (2) Inflows of $5,000 then occur at the end of Years 1,
2, and 3. (3) The interest rate during all three years is 10 percent.

A dollar in hand today is worth more than a dollar to be received in the future because,
if you had it now, you could invest it, earn interest, and end up with more than one
dollar in the future. The process of going from today’s values, or present values (PVs),
to future values (FVs) is called compounding. To illustrate, suppose you deposit $100
in a bank that pays 5 percent interest each year. How much would you have at the end
of one year? To begin, we define the following terms:

PV = present value, or beginning amount, in your account. Here PV = $100.

i = interest rate the bank pays on the account per year. The interest earned
is based on the balance at the beginning of each year, and we assume
that it is paid at the end of the year. Here i = 5%, or, expressed as a
decimal, i = 0.05. Throughout this chapter, we designate the interest
rate as i (or I) because that symbol is used on most financial calculators.
Note, though, that in later chapters we use the symbol r to denote in-
terest rates because r is used more often in the financial literature.

INT = dollars of interest you earn during the year = Beginning amount X i. Here
INT = $100(0.05) = $5.

FV, = future value, or ending amount, of your account at the end of n years.
Whereas PV is the value now, or the present value, FV,, is the value n years
into the future, after the interest earned has been added to the account.

n = number of periods involved in the analysis. Here n = 1.

In our example, n = 1, so FV,, can be calculated as follows:

FV, = FV, = PV + INT
= PV + PV()
= PV({ + i)
= $100(1 + 0.05) = $100(1.05) = $105.

Thus, the future value (FV) at the end of one year, FV, equals the present value
multiplied by 1 plus the interest rate, so you will have $105 after one year.
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What would you end up with if you left your $100 in the account for five years?
Here is a time line set up to show the amount at the end of each year:

0 5% 1 2 3 4 5

Initial deposit: —-100 FV,=? FV,=? FV;=? FV,=? FVs="7

Interest earned: 5.00 5.25 5.51 5.79 6.08
Amount at the end of

each period = FV;: 105.00 110.25 115.76 121.55 127.63

Note the following points: (1) You start by depositing $100 in the account—this is
shown as an outflow at t = 0. (2) You earn $100(0.05) = $5 of interest during the first
year, so the amount at the end of Year 1 (or t = 1) is $100 + $5 = $105. (3) You start
the second year with $105, earn $5.25 on the now larger amount, and end the second
year with $110.25. Your interest during Year 2, $5.25, is higher than the first year’s in-
terest, $5, because you earned $5(0.05) = $0.25 interest on the first year’s interest. (4)
This process continues, and because the beginning balance is higher in each succeed-
ing year, the annual interest earned increases. (5) The total interest earned, $27.63, is
reflected in the final balance at t = 5, $127.63.
Note that the value at the end of Year 2, $110.25, is equal to
FV, =FV,( +1i)
=PV + )1 +1i)
=PV + i)’
= $100(1.05)* = $110.25.
Continuing, the balance at the end of Year 3 is
FV; = FV,(1 + i)
=PV( + i)’
= $100(1.05)° = $115.76,
and

FVs = $100(1.05)° = $127.63.

In general, the future value of an initial lump sum at the end of n years can be
found by applying Equation 2-1:

FV, = PV(1 + i)* = PV(FVIF, ). @2-1)

The last term in Equation 2-1 defines the Future Value Interest Factor for i and n,
FVIF; ,,, as (1 + 1)". This provides a shorthand way to refer to the actual formula in
Equation 2-1.

Equation 2-1 and most other time value of money equations can be solved in three
ways: numerically with a regular calculator, with a financial calculator, or with a com-
puter spreadsheet program.” Most work in financial management will be done with a
financial calculator or on a computer, but when learning basic concepts it is best to
also work the problem numerically with a regular calculator.

NUMERICAL SOLUTION

One can use a regular calculator and either multiply (1 + i) by itself n — 1 times or else
use the exponential function to raise (1 + i) to the nth power. With most calculators, you

*Prior to the widespread use of financial calculators, a fourth method was used. It is called the “tabular ap-
proach,” and it is described in the Chapter 2 Web Extension, available on the textbook’s web site.
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would enter 1 + i = 1.05 and multiply it by itself four times, or else enter 1.05, then press
the y* (exponential) function key, and then enter 5. In either case, your answer would be
1.2763 (if you set your calculator to display four decimal places), which you would mul-
tiply by $100 to get the final answer, $127.6282, which would be rounded to $127.63.

In certain problems, it is extremely difficult to arrive at a solution using a regular
calculator. We will tell you this when we have such a problem, and in these cases we
will not show a numerical solution. Also, at times we show the numerical solution just
below the time line, as a part of the diagram, rather than in a separate section.

FINANCIAL CALCULATOR SOLUTION

A version of Equation 2-1, along with a number of other equations, has been pro-
grammed directly into financial calculators, and these calculators can be used to find
future values. Note that calculators have five keys that correspond to the five most
commonly used time value of money variables:

Ny A (R

N = the number of periods. Some calculators use n rather than N.
I = interest rate per period. Some calculators use i or I/YR rather than I.
PV = present value.
PMT = payment. This key is used only if the cash flows involve a series of equal,
or constant, payments (an annuity). If there are no periodic payments in
a particular problem, then PMT = 0.
FV = future value.

On some financial calculators, these keys are actually buttons on the face of the calcu-
lator, while on others they are shown on a screen after going into the time value of
money (TVM) menu.

In this chapter, we deal with equations involving only four of the variables at any
one time—three of the variables are known, and the calculator then solves for the
fourth (unknown) variable. In Chapter 4, when we deal with bonds, we will use all five
variables in the bond valuation equation.’

To find the future value of $100 after five years at 5 percent, most financial calcu-
lations solve Equation 2-2:

PV(1 + i)® + FV, = 0. 2-2)

The equation has four variables, FV,,, PV, i, and n. If we know any three, we can solve
for the fourth. In our example, we enter N = 5,1 = 5, PV = -100, and PMT = 0.
Then, when we press the FV key, we get the answer, FV = 127.63 (rounded to two
decimal places).*

*The equation programmed into the calculators actually has five variables, one for each key. In this chapter,
the value of one of the variables is always zero. It is a good idea to get into the habit of inputting a zero for
the unused variable (whose value is automatically set equal to zero when you clear the calculator’s memory);
if you forget to clear your calculator, inputting a zero will help you avoid trouble.

*Here we assume that compounding occurs once each year. Most calculators have a setting that can be used
to designate the number of compounding periods per year. For example, the HP-10B comes preset with
payments at 12 per year. You would need to change it to 1 per year to get FV = 127.63. With the HP-10B,
you would do this by typing 1, pressing the gold key, and then pressing the P/YR key.
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See Ch 02 Tool Kit.xls.

Time Value of Money

Notice that either PV or FV,, in Equation 2-2 must be negative to make the equa-
tion true, assuming nonnegative interest rates. Thus, most financial calculators re-
quire that all cash flows be designated as either inflows or outflows, with outflows be-
ing entered as negative numbers. In our illustration, you deposit, or put in, the initial
amount (which is an outflow to you) and you take out, or receive, the ending amount
(which is an inflow to you). Therefore, you enter the PV as —100. Enter the —100 by
keying in 100 and then pressing the “change sign” or +/— key. (If you entered 100,
then the FV would appear as —127.63.) Also, on some calculators you are required to
press a “Compute” key before pressing the FV key.

Sometimes the convention of changing signs can be confusing. For example, if you
have $100 in the bank now and want to find out how much you will have after five
years if your account pays 5 percent interest, the calculator will give you a negative an-
swer, in this case —127.63, because the calculator assumes you are going to withdraw
the funds. This sign convention should cause you no problem if you think about what
you are doing.

We should also note that financial calculators permit you to specify the number of
decimal places that are displayed. Twelve significant digits are actually used in the
calculations, but we generally use two places for answers when working with dollars or
percentages and four places when working with decimals. The nature of the problem
dictates how many decimal places should be displayed.

SPREADSHEET SOLUTION

Spreadsheet programs are ideally suited for solving many financial problems, includ-
ing time value of money problems.” With very little effort, the spreadsheet itself be-
comes a time line. Here is how the problem would look in a spreadsheet:

A B C D E F G
1 Interestrate 0.05
2 'Time 0 1 2 3 4 5
3 Cash flow —-100
4 Future value 105.00 110.25 115.76 121.55 127.63

Cell B1 shows the interest rate, entered as a decimal number, 0.05. Row 2 shows the
periods for the time line. With Microsoft Excel, you could enter 0 in Cell B2, then the
formula =B2+1 in Cell C2, and then copy this formula into Cells D2 through G2 to
produce the time periods shown on Row 2. Note that if your time line had many years,
say, 50, you would simply copy the formula across more columns. Other procedures
could also be used to enter the periods.

°In this section, and in other sections and chapters, we discuss spreadsheet solutions to various financial
problems. If a reader is not familiar with spreadsheets and has no interest in them, then these sections can
be omitted. For those who are interested, Ch O2 Tool Kit.xls is the file on the web site for this chapter that
does the various calculations using Excel. If you have the time, we highly recommend that you go through the
models. This will give you practice with Excel, which will help tremendously in later courses, in the job mar-
ket, and in the workplace. Also, going through the models will enhance your understanding of financial
concepts.
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Row 3 shows the cash flows. In this case, there is only one cash flow, shown in Cell
B3. Row 4 shows the future value of this cash flow at the end of each year. Cell C4
contains the formula for Equation 2-1. The formula could be written as =—$B$3*
(1+.05)*C2, but we wrote it as =—$B$3*(1+ $B$1)"C2, which gives us the flexibil-
ity to change the interest rate in Cell Bl to see how the future value changes with
changes in interest rates. Note that the formula has a minus sign for the PV (which is
in Cell B3) to account for the minus sign of the cash flow. This formula was then
copied into Cells D4 through G4. As Cell G4 shows, the value of $100 compounded
for five years at 5 percent per year is $127.63.

You could also find the FV by putting the cursor on Cell G4, then clicking the
function wizard, then Financial, then scrolling down to FV, and then clicking OK to
bring up the FV dialog box. Then enter Bl or .05 for Rate, G2 or 5 for Nper, 0 or
leave blank for Pmt because there are no periodic payments, B3 or —100 for Pv, and
0 or leave blank for Type to indicate that payments occur at the end of the period.
Then, when you click OK, you get the future value, $127.63.

Note that the dialog box prompts you to fill in the arguments in an equation.
The equation itself, in Exce/ format, is FV(Rate,Nper,Pmt,Pv, Type) =
FV(.05,5,0,—100,0). Rather than insert numbers, you could input cell references
for Rate, Nper, Pmt, and Pv. Either way, when Excel sees the equation, it knows
to use our Equation 2-2 to fill in the specified arguments, and to deposit the re-
sult in the cell where the cursor was located when you began the process. If
someone really knows what they are doing and has memorized the formula, they
can skip both the time line and the function wizard and just insert data into the
formula to get the answer. But until you become an expert, we recommend that
you use time lines to visualize the problem and the function wizard to complete
the formula.

Comparing the Three Procedures

The first step in solving any time value problem is to understand the verbal descrip-
tion of the problem well enough to diagram it on a time line. Woody Allen said that 90
percent of success is just showing up. With time value problems, 90 percent of success
is correctly setting up the time line.

After you diagram the problem on a time line, your next step is to pick an approach
to solve the problem. Which of the three approaches should you use—numerical, fi-
nancial calculator, or spreadsheet? In general, you should use the easiest approach. But
which is easiest? The answer depends on the particular situation.

All business students should know Equation 2-1 by heart and should also know
how to use a financial calculator. So, for simple problems such as finding the future
value of a single payment, it is probably easiest and quickest to use either the numeri-
cal approach or a financial calculator.

For problems with more than a couple of cash flows, the numerical approach is
usually too time consuming, so here either the calculator or spreadsheet ap-
proaches would generally be used. Calculators are portable and quick to set up,
but if many calculations of the same type must be done, or if you want to see how
changes in an input such as the interest rate affect the future value, the spread-
sheet approach is generally more efficient. If the problem has many irregular cash
flows, or if you want to analyze many scenarios with different cash flows, then the
spreadsheet approach is definitely the most efficient. The important thing is that
you understand the various approaches well enough to make a rational choice,
given the nature of the problem and the equipment you have available. In any
event, you must understand the concepts behind the calculations and know how to
set up time lines in order to work complex problems. This is true for stock and
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bond valuation, capital budgeting, lease analysis, and many other important finan-
cial problems.

Problem Format

"To help you understand the various types of time value problems, we generally use a
standard format. First, we state the problem in words. Next, we diagram the problem
on a time line. Then, beneath the time line, we show the equation that must be solved.
Finally, we present the three alternative procedures for solving the equation to obtain
the answer: (1) use a regular calculator to obtain a numerical solution, (2) use a finan-
cial calculator, and (3) use a spreadsheet program. For some very easy problems, we
will not show a spreadsheet solution, and for some difficult problems, we will not show
numerical solutions because they are too inefficient.
"To illustrate the format, consider again our five-year, 5 percent example:

Time Line:
0 5% 1 2 3 4 5
~ 100 i i i i FV =?
Equation:
FV, = PV(1 + i)" = $100(1.05)°.
1. NUMERICAL SOLUTION
0 5% 1 2 3 4 5
100 X 1.05 X105  x1.05 X105 X105 =127.63
— — — — —
105.00 110.25 115.76 121.55

Using a regular calculator, raise 1.05 to the 5th power and multiply by $100 to get
FVs = $127.63.

2. FINANCIAL CALCULATOR SOLUTION

Inputs: 5 5 —100 0
Output: = 127.63

Note that the calculator diagram tells you to input N = 5,1 = 5, PV = —100, and
PMT = 0, and then to press the FV key to get the answer, 127.63. Interest rates are
entered as percentages (5), not decimals (0.05). Also, note that in this particular prob-
lem, the PM'T key does not come into play, as no constant series of payments is in-
volved. Finally, you should recognize that small rounding differences will often occur
among the various solution methods because rounding sometimes is done at interme-
diate steps in long problems.
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3. SPREADSHEET SOLUTION

A B C D E F G
1 Interestrate 0.05
2 Time 0 1 2 3 4 5
3 Cash flow —-100
4 Future value 105.00 110.25 115.76 121.55 127.63

Cell G4 contains the formula for Equation 2-1: =—$B$3*(1+$B$1)'G2 or
=—-$B$3*(1+.05)"G2. You could also use Excel’s FV function to find the $127.63,
following the procedures described in the previous section.

Graphic View of the Compounding Process: Growth

Figure 2-1 shows how $1 (or any other lump sum) grows over time at various
interest rates. We generated the data and then made the graph with a spreadsheet
model in the file Ch 02 Tool Kit.xls. The higher the rate of interest, the faster the
rate of growth. The interest rate is, in fact, a growth rate: If a sum is deposited
and earns 5 percent interest, then the funds on deposit will grow at a rate of 5
percent per period. Note also that time value concepts can be applied to anything
that is growing—sales, population, earnings per share, or your future salary.

FIGURE 2-1 Relationships among Future Value, Growth,
Interest Rates, and Time

Future Value of $1
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61



62

Time Value of Money

The Power of Compound Interest

Suppose you are 26 years old and just received your MBA.
After reading the introduction to this chapter, you decide to
start investing in the stock market for your retirement. Your
goal is to have $1 million when you retire at age 65. Assum-
ing you earn a 10 percent annual rate on your stock invest-
ments, how much must you invest at the end of each year in
order to reach your goal?

The answer is $2,490.98, but this amount depends criti-
cally on the return earned on your investments. If returns
drop to 8 percent, your required annual contributions would
rise to $4,185.13, while if returns rise to 12 percent, you
would only need to put away $1,461.97 per year.

need to save $10,168 per year to reach your $1 million goal,
assuming you earn 10 percent, and $13,679 per year if you
earn only 8 percent. If you wait until age 50 and then earn 8
percent, the required amount will be $36,830 per year.

While $1 million may seem like a lot of money, it won’t
be when you get ready to retire. If inflation averages 5 per-
cent a year over the next 39 years, your $1 million nest egg
will be worth only $116,861 in today’s dollars. At an 8 per-
cent rate of return, and assuming you live for 20 years after
retirement, your annual retirement income in today’s dollars
would be only $11,903 before taxes. So, after celebrating
graduation and your new job, start saving!

What if you are like most of us and wait until later to
worry about retirement? If you wait until age 40, you will

Explain what is meant by the following statement: “A dollar in hand today is
worth more than a dollar to be received next year.”

Self-Test

Questions
What is compounding? Explain why earning “interest on interest” is called “com-

pound interest.”
Explain the following equation: FV; = PV + INT.
Set up a time line that shows the following situation: (1) Your initial deposit is

$100. (2) The account pays 5 percent interest annually. (3) You want to know how
much money you will have at the end of three years.

Write out an equation that could be used to solve the preceding problem.

What are the five TVM (time value of money) input keys on a financial calculator?
List them (horizontally) in the proper order.

Present Value

Suppose you have some extra cash, and you have a chance to buy a low-risk secu-
rity that will pay $127.63 at the end of five years. Your local bank is currently of-
fering 5 percent interest on five-year certificates of deposit (CDs), and you re-
gard the security as being exactly as safe as a CD. The 5 percent rate is defined as
your opportunity cost rate, or the rate of return you could earn on an alterna-
tive investment of similar risk. How much should you be willing to pay for the
security?

From the future value example presented in the previous section, we saw that an
initial amount of $100 invested at 5 percent per year would be worth $127.63 at the
end of five years. As we will see in a moment, you should be indifferent between
$100 today and $127.63 at the end of five years. The $100 is defined as the present
value, or PV, of $127.63 due in five years when the opportunity cost rate is 5 per-
cent. If the price of the security were less than $100, you should buy it, because its
price would then be less than the $100 you would have to spend on a similar-risk
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alternative to end up with $127.63 after five years. Conversely, if the security cost
more than $100, you should not buy it, because you would have to invest only $100
in a similar-risk alternative to end up with $127.63 after five years. If the price were
exactly $100, then you should be indifferent—you could either buy the security or
turn it down. Therefore, $100 is defined as the security’s fair, or equilibrium,
value.

In general, the present value of a cash flow due n years in the future is the amount which,
if it were on hand today, would grow to equal the future amount. Since $100 would grow to
$127.63 in five years at a 5 percent interest rate, $100 is the present value of $127.63
due in five years when the opportunity cost rate is 5 percent.

Finding present values is called discounting, and it is the reverse of compound-
ing—if you know the PV, you can compound to find the FV, while if you know the FV,
you can discount to find the PV. When discounting, you would follow these steps:

Time Line:

0 5o, 1 2 3 4 5
PV =3 i i i i 127.63
Equation:

"To develop the discounting equation, we begin with the future value equation, Equa-
tion 2-1:

FV, = PV + i)" = PV(FVIF,,). (2-1)
Next, we solve it for PV in several equivalent forms:
FV, I\
PV = =F = FV,(PVIF, ). 2-3
e = 1) - F.eVIED @-3)

The last form of Equation 2-3 recognizes that the Present Value Interest Factor for
i and n, PVIF, ,,, is shorthand for the formula in parentheses in the second version of
the equation.

1. NUMERICAL SOLUTION

0 5% 1 2 3 4 5
—100 = «—105.00=¢— 110.25 = «—115.76 = «—121.55=«—127.63
< 1.05 < 1.05 +1.05 < 1.05 < 1.05

Divide $127.63 by 1.05 five times, or by (1.05)°, to find PV = $100.

2. FINANCIAL CALCULATOR SOLUTION

Inputs: 5 5 0 127.63
Output: = —100

Enter N =5,1=5PMT = 0,and FV = 127.63, and then press PV to get PV = —100.
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3. SPREADSHEET SOLUTION

A B Cc D E F G
1 Interestrate 0.05
2 Time 0 1 2 3 4 5
3 Cash flow 0 0 0 0 127.63
4 Present value 100

w fi ¥
1]
l.ﬁ-\. J‘.’.‘

A Y
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You could enter the spreadsheet version of Equation 2-3 in Cell B4, =127.63/
(1+40.05)"5, but you could also use the built-in spreadsheet PV function. In Exce/, you
would put the cursor on Cell B4, then click the function wizard, indicate that you
want a Financial function, scroll down, and double click PV. Then, in the dialog
box, enter Bl or 0.05 for Rate, G2 or 5 for Nper, 0 for Pmt (because there are no
annual payments), G3 or 127.63 for Fv, and 0 (or leave blank) for Type because
the cash flow occurs at the end of the year. Then, press OK to get the answer,
PV = —$100.00. Note that the PV function returns a negative value, the same as the
financial calculator.

Graphic View of the Discounting Process

Figure 2-2 shows how the present value of $1 (or any other sum) to be received in the
future diminishes as the years to receipt and the interest rate increase. The graph
shows (1) that the present value of a sum to be received at some future date decreases
and approaches zero as the payment date is extended further into the future, and (2)
that the rate of decrease is greater the higher the interest (discount) rate. At relatively
high interest rates, funds due in the future are worth very little today, and even at a

FIGURE 2-2 Relationships among Present Value, Interest Rates, and Time
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relatively low discount rate, the present value of a sum due in the very distant future is
quite small. For example, at a 20 percent discount rate, $1 million due in 100 years is
worth approximately 1 cent today. (However, 1 cent would grow to almost $1 million
in 100 years at 20 percent.)

What is meant by the term “opportunity cost rate”?
What is discounting? How is it related to compounding?

How does the present value of an amount to be received in the future change as
the time is extended and the interest rate increased?

Solving for Interest Rate and Time

At this point, you should realize that compounding and discounting are related, and

that we have been dealing with one equation that can be solved for either the FV or
the PV.

FV Form:
Fv, = PV(1 + )™ 2-1)
PV Form:
FV, 1 \"
= n = _— . 2_
pv - FVn<1+i) @-3)

There are four variables in these equations—PV, FV] i, and n—and if you know the
values of any three, you can find the value of the fourth. Thus far, we have always
given you the interest rate (i) and the number of years (n), plus either the PV or the
FV. In many situations, though, you will need to solve for either i or n, as we discuss
below.

Solving for i

Suppose you can buy a security at a price of $78.35, and it will pay you $100 after
five years. Here you know PV, FV, and n, and you want to find i, the interest
rate you would earn if you bought the security. Such problems are solved as
follows:

Time Line:

0 i=7? 1 2 3 4 5
~7835 ' ' ' ' 100
Equation:

FV, = PV(L + i)"

2-1
$100 = $78.35(1 + i)’. Solve for i. @-1)
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1. NUMERICAL SOLUTION
Use Equation 2-1 to solve for i:

$100 = $78.35(1 + i)’

$100 s
=1+
$7835 0 D
(1 +1i)y = 1276
1+1i=(1.276)4
1 +1=1.050
1=0.05=5%.
Therefore, the interest rate is 5 percent.
2. FINANCIAL CALCULATOR SOLUTION
Inputs: 5 —78.35 0 100
8 r [ [~ &
L B

Output: =35.0

Enter N =5,PV = —7835,PMT = 0, and FV = 100, and then press I to getI = 5%.
"This procedure is easy, and it can be used for any interest rate or for any value of n, in-
cluding fractional values.

3. SPREADSHEET SOLUTION

A B C D E F G
1 Time 0 1 2 3 4 5
2 Cash flow —78.35 0 0 0 0 100
3 Interest rate 5%

- Most spreadsheets have a built-in function to find the interest rate. In Excel, you would

put the cursor on Cell B3, then click the function wizard, indicate that you want a Fi-
nancial function, scroll down to RATE, and click OK. Then, in the dialog box, enter
G1 or 5 for Nper, 0 for Pmt because there are no periodic payments, B2 or —78.35 for
Pv, G2 or 100 for Fv, 0 for type, and leave “Guess” blank to let Exce/ decide where to
start its iterations. Then, when you click OK, Exce/ solves for the interest rate, 5.00
percent. Excel also has other procedures that could be used to find the 5 percent, but
for this problem the RATE function is easiest to apply.
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Solving for n

Suppose you invest $78.35 at an interest rate of 5 percent per year. How long will it
take your investment to grow to $100? You know PV, FV, and i, but you do not know
n, the number of periods. Here is the situation:

Time Line:

0 5% 1 2 n—1 n=>
—78.35 ' ' ' 100
Equation:

$100 = $78.35(1.05)". Solve for n.

1. NUMERICAL SOLUTION

Use Equation 2-1 to solve for n:
$100 = $78.35 (1 + 0.05)".
Transform to:
$100/$78.35 = 1.276 = (1 + 0.05)".
Take the natural log of both sides, and then solve for n:

n LN(1.05) = LN(1.276)
n = LN(1.276)/LN(1.05)

Find the logs with a calculator, and complete the solution:

n = 0.2437/0.0488
= 4.9955 = 5.0.

Therefore, 5 is the number of years it takes for $78.35 to grow to $100 if the interest
rate is 5 percent.

2. FINANCIAL CALCULATOR SOLUTION

Inputs: 5 —78.35 0 100

Output: =35.0

Enter I = 5, PV = —7835, PMT = 0, and FV = 100, and then press N to get
N =5.
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3. SPEADSHEET SOLUTION

A B (o4 D E F G
1 Time 0 1 2 3 ?
2 Cash flow —78.35 0 0 0 100
3 Interest rate 5%
4 Payment 0
5 N 5.00
o ., Most spreadsheets have a built-in function to find the number of periods. In Excel, you
W " would put the cursor on Cell B5, then click the function wizard, indicate that you want
a Financial function, scroll down to NPER, and click OK. Then, in the dialog box, en-
ter B3 or 5% for Rate, 0 for Pmt because there are no periodic payments, B2 or
—78.35 for Pv, G2 or 100 for Fv, and 0 for Type. When you click OK, Exce/ solves for
the number of periods, 5.
Self-Test Assuming that you are given PV, FV, and the time period, n, write out an equa-
. tion that can be used to determine the interest rate, i.
Questions

Assuming that you are given PV, FV, and the interest rate, i, write out an equa-
tion that can be used to determine the time period, n.

Future Value of an Annuity

An annuity is a series of equal payments made at fixed intervals for a specified number
of periods. For example, $100 at the end of each of the next three years is a three-year
annuity. The payments are given the symbol PMT, and they can occur at either the
beginning or the end of each period. If the payments occur at the end of each period,
as they typically do, the annuity is called an ordinary, or deferred, annuity. Payments
on mortgages, car loans, and student loans are typically set up as ordinary annuities. If
payments are made at the beginning of each period, the annuity is an annuity due.
Rental payments for an apartment, life insurance premiums, and lottery payoffs are
typically set up as annuities due. Since ordinary annuities are more common in fi-
nance, when the term “annuity” is used in this book, you should assume that the pay-
ments occur at the end of each period unless otherwise noted.

Ordinary Annuities

An ordinary, or deferred, annuity consists of a series of equal payments made at the end
of each period. If you deposit $100 at the end of each year for three years in a savings
account that pays 5 percent interest per year, how much will you have at the end of
three years? To answer this question, we must find the future value of the annuity,
FVA,.. Each payment is compounded out to the end of Period n, and the sum of the
compounded payments is the future value of the annuity, FVA,.
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Time Line:

0 5% 1 2 3
) 100 100 100
L 5105

110.25

FVA, = 315.25

Here we show the regular time line as the top portion of the diagram, but we also show
how each cash flow is compounded to produce the value FVA, in the lower portion of
the diagram.

Equation:

FVA,=PMT{ + )" '+ PMT( + )" ?+PMT( + )" *>+ - - - + PMTU +i)°
=PMT > (1 +i)""
t=1

1+ iy — 1) Ca
i

= PMT(
= PMT(FVIFA, ).

The first line of Equation 2-4 represents the application of Equation 2-1 to each indi-
vidual payment of the annuity. In other words, each term is the compounded amount
of a single payment, with the superscript in each term indicating the number of peri-
ods during which the payment earns interest. For example, because the first annuity
payment was made at the end of Period 1, interest would be earned in Periods 2
through n only, so compounding would be for n — 1 periods rather than n periods.
Compounding for the second payment would be for Period 3 through Period n, or
n — 2 periods, and so on. The last payment is made at the end of the annuity’s life, so
there is no time for interest to be earned.

The second line of Equation 2-4 is just a shorthand version of the first form, but
the third line is different—it is found by applying the algebra of geometric progres-
sions. This form of Equation 2-4 is especially useful when no financial calculator is
available. Finally, the fourth line shows the payment multiplied by the Future Value
Interest Factor for an Annuity (FVIFA, ,), which is the shorthand version of the
formula.

1. NUMERICAL SOLUTION:

The lower section of the time line shows the numerical solution, which involves using
the first line of Equation 2-4. The future value of each cash flow is found, and those
FVs are summed to find the FV of the annuity, $315.25. If a long annuity were being
evaluated, this process would be quite tedious, and in that case you probably would use
the form of Equation 2-4 found on the third line:

a1+ -1
FVA, = PMT(*————
(1 +0.05)° — 1 2-4)

= $100< 0.05

> = $100(3.1525) = $315.25.
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2. FINANCIAL CALCULATOR SOLUTION

Inputs: 3 5 0 —100
N e

Output: =315.25

Note that in annuity problems, the PMT key is used in conjunction with the N and I
keys, plus either the PV or the FV key, depending on whether you are trying to find
the PV or the FV of the annuity. In our example, you want the FV, so press the FV key
to get the answer, $315.25. Since there is no initial payment, we input PV = 0.

3. SPREADSHEET SOLUTION

A B (o D E
1 Interest rate 0.05
2 Time 0 1 2 3
3 Cash flow 100 100 100
4 TFuture value 315.25

Most spreadsheets have a built-in function for finding the future value of an annuity.
In Excel, we could put the cursor on Cell E4, then click the function wizard, Financial,
FV, and OK to get the FV dialog box. Then, we would enter .05 or Bl for Rate, 3 or
E2 for Nper, and —100 for Pmt. (Like the financial calculator approach, the payment
is entered as a negative number to show that it is a cash outflow.) We would leave Pv
blank because there is no initial payment, and we would leave Type blank to signify
that payments come at the end of the periods. Then, when we clicked OK, we would
get the FV of the annuity, $315.25. Note that it isn’t necessary to show the time line,
since the FV function doesn’t require you to input a range of cash flows. Still, the time
line is useful to help visualize the problem.

Annuities Due

Had the three $100 payments in the previous example been made at the beginning of
each year, the annuity would have been an annuiry due. On the time line, each payment
would be shifted to the left one year, so each payment would be compounded for one
extra year.

Time Line:

0 5% 1 2 3
100 100 100 i
L 5105
110.25
115.76

FVA; (Annuity due) = 331.01
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Again, the time line is shown at the top of the diagram, and the values as calculated
with a regular calculator are shown under Year 3. The future value of each cash flow is
found, and those FVs are summed to find the FV of the annuity due. The payments
occur earlier, so more interest is earned. Therefore, the future value of the annuity
due is larger—$331.01 versus $315.25 for the ordinary annuity.

Equation:

FVA,(Due) = PMT1 + i) + PMTA + i) ' +PMTA +1)" % + - - - + PMT(1 +1)

= PMT i ()
=1 (2-4a)

1+ -1 ,

= PMT<i>(1 + i)

= PMT(FVIFA, )1 + i).

The only difference between Equation 2-4a for annuities due and Equation 2-4 for
ordinary annuities is that every term in Equation 2-4a is compounded for one extra
period, reflecting the fact that each payment for an annuity due occurs one period ear-
lier than for a corresponding ordinary annuity.

1. NUMERICAL SOLUTION:

The lower section of the time line shows the numerical solution using the first line of
Equation 2-4a. The future value of each cash flow is found, and those FVs are
summed to find the FV of the annuity, $331.01. Because this process is quite tedious
for long annuities, you probably would use the third line of Equation 2-4a:

1+ -1 .
FVA,(Due) = PMT<i>(1 + i) (2-4a)
3 _
= $100<(1+%0055)1>(1 +0.05) = $100(3.1525)(1.05) = $331.01.

2. FINANCIAL CALCULATOR SOLUTION

Most financial calculators have a switch, or key, marked “DUE” or “BEG” that per-
mits you to switch from end-of-period payments (ordinary annuity) to beginning-of-
period payments (annuity due). When the beginning mode is activated, the display
will normally show the word “BEGIN.” Thus, to deal with annuities due, switch your
calculator to “BEGIN” and proceed as before:

BEGIN
Inputs: 3 5 0 —100
[
Output: =331.01

Enter N =3,1 =75, PV =0, PMT = —100, and then press FV to get the answer,
$331.01. Since most problems specify end-of-period cash flows, you should always switch your
calculator back to “END” mode after you work an annuity due problem.
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3. SPREADSHEET SOLUTION

For the annuity due, use the FV function just as for the ordinary annuity except enter
1 for Type to indicate that we now have an annuity due. Then, when you click OK, the
answer $331.01 will appear.

Self-Test What is the difference between an ordinary annuity and an annuity due?
Questions How do you modify the equation for determining the value of an ordinary annu-
ity to find the value of an annuity due?

Other things held constant, which annuity has the greater future value: an ordi-
nary annuity or an annuity due? Why?

Present Value of an Annuity

Suppose you were offered the following alternatives: (1) a three-year annuity with
payments of $100 or (2) a lump sum payment today. You have no need for the money
during the next three years, so if you accept the annuity, you would deposit the pay-
ments in a bank account that pays 5 percent interest per year. Similarly, the lump sum
payment would be deposited into a bank account. How large must the lump sum pay-
ment today be to make it equivalent to the annuity?

Ordinary Annuities

If the payments come at the end of each year, then the annuity is an ordinary annuity,
and it would be set up as follows:

Time Line:

0 5% 1 2 3
' 100 100 100
95.24
90.70
86.38

PVA, = 272.32

The regular time line is shown at the top of the diagram, and the numerical solution
values are shown in the left column. The PV of the annuity, PVA,,, is $272.32.

Equation:

The general equation used to find the PV of an ordinary annuity is shown below:

1 2 n
PVA, = PMT<1,> 4F PMT(1,> + - - -+ PMT<1,>
1+1 1+1 1+1
n 1 t
= PMT < )
tzl 1 +1 (2-5)
T
i
= PMT\ ———

1

= PMT(PVIFA, ).
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The Present Value Interest Factor of an Annuity for i and n, PVIFA, ,,, is a short-
hand notation for the formula.

1. NUMERICAL SOLUTION:

The lower section of the time line shows the numerical solution, $272.32, calculated
by using the first line of Equation 2-5, where the present value of each cash flow is
found and then summed to find the PV of the annuity. If the annuity has many pay-
ments, it is easier to use the third line of Equation 2-5:

S
a4+
PVA, = PMT —
=0y 1)05)3
= $100 T = $100(2.7232) = $272.32.

2. FINANCIAL CALCULATOR SOLUTION

Inputs: 3 5 —100 0
Ny Ry
Output: =272.32

Enter N =3,1= 5 PMT = —100, and FV = 0, and then press the PV key to find the
PV, $272.32.

3. SPREADSHEET SOLUTION

A B (of D E
1 Interest rate 0.05
2 Time 0 1 2 3
3 Cash flow 100 100 100
4 Present value $272.32

In Excel, put the cursor on Cell B4 and then click the function wizard, Financial, PV,
and OK. Then enter B1 or 0.05 for Rate, E2 or 3 for Nper, —100 for Pmt, 0 or leave
blank for Fv, and 0 or leave blank for Type. Then, when you click OK, you get the an-
swer, $272.32.

One especially important application of the annuity concept relates to loans with
constant payments, such as mortgages and auto loans. With such loans, called amzor-
tized loans, the amount borrowed is the present value of an ordinary annuity, and the
payments constitute the annuity stream. We will examine constant payment loans in
more depth in a later section of this chapter.
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Annuities Due

Had the three $100 payments in the preceding example been made at the beginning of
each year, the annuity would have been an annuity due. Each payment would be shifted
to the left one year, so each payment would be discounted for one less year. Here is the
time line:

Time Line:

0 5% 1 2 3
100 100 100 '
95.24
90.70

PVA; (Annuity due) = 285.94

Again, we find the PV of each cash flow and then sum these PVs to find the PV of the
annuity due. This procedure is illustrated in the lower section of the time line dia-
gram. Since the cash flows occur sooner, the PV of the annuity due exceeds that of the
ordinary annuity, $285.94 versus $272.32.

Equation:
1 \° 1 \! 1 \n!
PVA, (Due) = PMT( ) 4 PMT( > + - - -+ PMT(_)
1+1 1 +1 1+1
1 t—1
= PMT > <1 - i)
1 (2-5a)
EES .
= PMT - 1 + i)
i

= PMT(PVIFA, )1 + i).

1. NUMERICAL SOLUTION:

The lower section of the time line shows the numerical solution, $285.94, calculated
by using the first line of Equation 2-5a, where the present value of each cash flow is
found and then summed to find the PV of the annuity due. If the annuity has many
payments, it is easier to use the third line of Equation 2-5a:

1

EY .
PVA,(Due) = PMT| ————— |1 + i) (2-5a)

1
S S
(1 + 0.05)°
= ————(1+0.
$100 005 (1+ 0.05)

= $100(2.7232)(1 + 0.05) = $285.94.

2. FINANCIAL CALCULATOR SOLUTION

BEGIN

Inputs: 3 —100 0

oo W e R

Output: = 285.94
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Switch to the beginning-of-period mode, and then enter N = 3,1 =5, PMT = —100,
and FV = 0, and then press PV to get the answer, $285.94. Again, since most problems deal
with end-of-period cash flows, don’t forget to switch your calculator back to the “END” mode.

3. SPREADSHEET SOLUTION

For an annuity due, use the PV function just as for a regular annuity except enter 1
rather than 0 for Type to indicate that we now have an annuity due.

Which annuity has the greater present value: an ordinary annuity or an annuit
Self-Test | .07 why? y J P y y y

Explain how financial calculators can be used to find the present value of
annuities.

Questions

Annuities: Solving for Interest Rate,
Number of Periods, or Payment

Sometimes it is useful to calculate the interest rate, payment, or number of periods for
a given annuity. For example, suppose you can lease a computer from its manufacturer
for $78 per month. The lease runs for 36 months, with payments due at the end of the
month. As an alternative, you can buy it for $1,988.13. In either case, at the end of the
36 months the computer will be worth zero. You would like to know the “interest rate”
the manufacturer has built into the lease; if that rate is too high, you should buy the
computer rather than lease it.

Or suppose you are thinking ahead to retirement. If you save $4,000 per year at an
interest rate of 8 percent, how long will it take for you to accumulate $1 million? Or,
viewing the problem another way, if you earn an interest rate of 8 percent, how much
must you save for each of the next 20 years to accumulate the $1 million?

"To solve problems such as these, we can use an equation that is built into financial
calculators and spreadsheets:

_ 1+ -1
PVA + i)™ + PMT<i> +FV = 0. (2-6)

Note that some value must be negative. There are five variables: n, i, PV, PMT,
and FV.% In each of the three problems above, you know four of the variables. For ex-
ample, in the computer leasing problem, you know that n = 36, PV = 1,988.13 (this
is positive, since you get to keep this amount if you choose to lease rather than pur-
chase), PM'T = —78 (this is negative since it is what you must pay each month), and
FV = 0. Therefore, the equation is:

36 ((1 +1)% — 1)
(1,988.13)(1 + 1) + (=78)| ————— ) + 0 =0. (2-6a)

Unless you use a financial calculator or a spreadsheet, the only way to solve for i is by
trial-and-error. However, with a financial calculator, you simply enter the values for
the four known variables N = 36, PV = 1988.13, PMT = —78, and FV = 0), and
then hit the key for the unknown fifth variable, in this case, I = 2. Since this is an

®This is the equation for an ordinary annuity. Calculators and spreadsheets have a slightly different equation
for an annuity due.
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Self-Test
Questions

Perpetuities

interest rate of 2 percent per month or 12(2%) = 24% per year, you would probably
want to buy the computer rather than lease it.

It is worth pointing out that the left side of the equation can not equal zero if you
put both the PV and PMT as positive numbers (assuming positive interest rates). If
you do this by mistake, most financial calculators will make a rude beeping noise,
while spreadsheets will display an error message.

In an Excel spreadsheet, you would use the same RATE function that we dis-
cussed earlier. In this example, enter 36 for Nper, —78 for Pmt, 1988.13 for Py, 0 for
Fv, and 0 for Type: = RATE(36,—78,1988.13,0,0). The result is again 0.02, or 2
percent.

Regarding how long you must save until you accumulate $1 million, you know
i = 8%, PV = 0 (since you don’t have any savings when you start), PMT = —4,000
(it is negative since the payment comes out of your pocket), and FV = 1,000,000 (it is
positive since you will get the $1 million). Substituting into Equation 2-6 gives:

1+ 0.08)" — 1
0.08

Using algebra, you could solve for n, butitis easier to find n with a financial calcula-
tor. Input I = 8, PV = 0, PMT = —4000, FV = 1000000, and solve for N, which is
equal to 39.56. Thus, it will take almost 40 years to accumulate $1 million if you earn 8
percent interest and only save $4,000 per year. On a spreadsheet, you could use the
same NPER function that we discussed earlier. In this case, enter 8% for Rate, —4000
for Pmt, 0 for Pv, 1000000 for Fv, and 0 for Type: =NPER(8%,—4000,0,1000000,0).
The resultis again 39.56.

If you only plan to save for 20 years, how much must you save each year to accu-
mulate $1 million? In this case, we know that n = 20,1 = 8%, PV = 0, and FV =
1000000. The equation is:

O)(1 + 0.08)" + (—4,000)( ) + 1,000,000 = 0.  (2-6a)

(1 +0.08)%° — 1
0.08

You could use algebra to solve for PMT, or you could use a financial calculator and in-
put N =20,1=8,PV =0, and FV = 1000000. The resultis PM'T = —21,852.21. On
a spreadsheet, you would use the PMT function, inputting 8% for Rate, 20 for Nper,
0 for Pv, 1000000 for Fv, and 0 for type: =PMT(8%,20,0,1000000,0). The result is
again —21,852.21.

0)1 + 0.08)*° + PMT< ) + 1,000,000 = 0.  (2-6a)

Write out the equation that is built into a financial calculator.

Explain why a financial calculator cannot find a solution if PV, PMT, and FV all are
positive.

Most annuities call for payments to be made over some finite period of time—for
example, $100 per year for three years. However, some annuities go on indefinitely, or
perpetually, and these are called perpetuities. The present value of a perpetuity is
found by applying Equation 2-7.

Payment PMT

P ampemy) = Tnterestrate 1 @2-7)

Perpetuities can be illustrated by some British securities issued after the Napoleonic
Wars. In 1815, the British government sold a huge bond issue and used the proceeds
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to pay off many smaller issues that had been floated in prior years to pay for the wars.
Since the purpose of the bonds was to consolidate past debts, the bonds were called
consols. Suppose each consol promised to pay $100 per year in perpetuity. (Actually,
interest was stated in pounds.) What would each bond be worth if the opportunity cost
rate, or discount rate, was 5 percent? The answer is $2,000:

$100

005 $2,000ifi = 5%.

PV(Perpetuity) =

Suppose the interest rate rose to 10 percent; what would happen to the consol’s value?

The value would drop to $1,000:
100
PV (Perpetuity) = % = $1,000ati = 10%.

Thus, we see that the value of a perpetuity changes dramatically when interest rates
change.

What happens to the value of a perpetuity when interest rates increase?

What happens when interest rates decrease?

Uneven Cash Flow Streams

The definition of an annuity includes the words constant payment—in other words,
annuities involve payments that are the same in every period. Although many financial
decisions do involve constant payments, other important decisions involve uneven, or
nonconstant, cash flows. For example, common stocks typically pay an increasing
stream of dividends over time, and fixed asset investments such as new equipment nor-
mally do not generate constant cash flows. Consequently, it is necessary to extend our
time value discussion to include uneven cash flow streams.

Throughout the book, we will follow convention and reserve the term payment
(PMT) for annuity situations where the cash flows are equal amounts, and we will use
the term cash flow (CF) to denote uneven cash flows. Financial calculators are set up
to follow this convention, so if you are dealing with uneven cash flows, you will need
to use the “cash flow register.”

Present Value of an Uneven Cash Flow Stream

The PV of an uneven cash flow stream is found as the sum of the PVs of the individ-
ual cash flows of the stream. For example, suppose we must find the PV of the follow-
ing cash flow stream, discounted at 6 percent:

0 6% 1 2 3 4 5 6 7
PV => 100 200 200 200 200 0 1,000
The PV will be found by applying this general present value equation:
1y 1Y 1\
PV = CF, IT + CF, IT + - - - 4+ CF, IT
i i i 2-8)

n t n
=> CFt(i> = CR(PVIF,).
1

t=
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We could find the PV of each individual cash flow using the numerical, financial cal-
culator, or spreadsheet methods, and then sum these values to find the present value of
the stream. Here is what the process would look like:

7

0 6% 1 2
1,000

3
100 200 200 200 200
94.34 |

178.00

167.92

158.42

149.45
0.00

665.06
1,413.19

O N

All we did was to apply Equation 2-8, show the individual PVs in the left column
of the diagram, and then sum these individual PVs to find the PV of the entire
stream.

The present value of a cash flow stream can always be found by summing the pres-
ent values of the individual cash flows as shown above. However, cash flow regularities
within the stream may allow the use of shortcuts. For example, notice that the cash
flows in periods 2 through 5 represent an annuity. We can use that fact to solve the
problem in a slightly different manner:

7

0 6% 1 2 3 4 5
) 1,000

100 200 200 200 200
9434 | ‘ ‘ ‘ ‘
693.02
653.79
0.00
665.06
1,413.19

O N

Cash flows during Years 2 to 5 represent an ordinary annuity, and we find its PV at
Year 1 (one period before the first payment). This PV ($693.02) must then be dis-
counted back one more period to get its Year 0 value, $653.79.

Problems involving uneven cash flows can be solved in one step with most finan-
cial calculators. First, you input the individual cash flows, in chronological order, into
the cash flow register. Cash flows are usually designated CF,, CF,, CF,, CF3, and so
on. Next, you enter the interest rate, I. At this point, you have substituted in all the
known values of Equation 2-8, so you only need to press the NPV key to find the pres-
ent value of the stream. The calculator has been programmed to find the PV of each
cash flow and then to sum these values to find the PV of the entire stream. To input
the cash flows for this problem, enter 0 (because CF, = 0), 100, 200, 200, 200, 200, 0,
1000 in that order into the cash flow register, enter I = 6, and then press NPV to ob-
tain the answer, $1,413.19.

"Two points should be noted. First, when dealing with the cash flow register, the
calculator uses the term “NPV” rather than “PV.” The N stands for “net,” so NPV is
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the abbreviation for “Net Present Value,” which is simply the net present value of a
series of positive and negative cash flows, including the cash flow at time zero.

The second point to note is that annuities can be entered into the cash flow register
more efficiently by using the Nj key.” In this illustration, you would enter CF, = 0,
CF, =100, CF, = 200, N; = 4 (which tells the calculator that the 200 occurs 4 times),
CF4 =0, and CF; = 1000. Then enter I = 6 and press the NPV key, and 1,413.19 will ap-
pear in the display. Also, note that amounts entered into the cash flow register remain in
the register until they are cleared. Thus, if you had previously worked a problem with
eight cash flows, and then moved to a problem with only four cash flows, the calculator
would simply add the cash flows from the second problem to those of the first problem.
Therefore, youmustbe sure to clear the cash flow register before starting a new problem.

Spreadsheets are especially useful for solving problems with uneven cash flows.
Just as with a financial calculator, you must enter the cash flows in the spreadsheet:

A B Cc D E F G H 1
1 Interestrate 0.06
2 Time 0 1 2 3 4 5 6 7
3  Cash flow 100 200 200 200 200 0 1,000
4  Present value 1,413.19

To find the PV of these cash flows with Exce/, put the cursor on Cell B4, click the
function wizard, click Financial, scroll down to NPV, and click OK to get the dialog
box. Then enter B1 or 0.06 for Rate and the range of cells containing the cash flows,
C3:13, for Value 1. Be very careful when entering the range of cash flows. With a fi-
nancial calculator, you begin by entering the time zero cash flow. With Excel, you do
not include the time zero cash flow; instead, you begin with the Year 1 cash flow.
Now, when you click OK, you get the PV of the stream, $1,413.19. Note that you use
the PV function if the cash flows (or payments) are constant, but the NPV function if
they are not constant. Note too that one of the advantages of spreadsheets over fi-
nancial calculators is that you can see the cash flows, which makes it easy to spot any
typing errors.

Future Value of an Uneven Cash Flow Stream

The future value of an uneven cash flow stream (sometimes called the terminal value)
is found by compounding each payment to the end of the stream and then summing
the future values:

FV, = CF,(1 + )™ ' + CF,d + )* 2+ « - - + CF,_,( + i) + CF,

= S'CR(1 + )" * = 3 CE(EVIF,, ). (=)
t=1 t=1

’On some calculators, you are prompted to enter the number of times the cash flow occurs, and on still
other calculators, the procedures for inputting data, as we discuss next, may be different. You should consult
your calculator manual or our Technology Supplement to determine the appropriate steps for your specific cal-
culator.
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The future value of our illustrative uneven cash flow stream is $2,124.92:

0 6% 1 2 3 4 5 6 7
' 100 200 200 200 200 0 1,000
0

L 224.72

238.20

252.50

267.65

141.85

2,124.92

Some financial calculators have a net future value (NFV) key which, after the cash
flows and interest rate have been entered, can be used to obtain the future value of an
uneven cash flow stream. Even if your calculator doesn’t have the NFV feature, you
can use the cash flow stream’s net present value to find its net future value: NFV =
NPV (1 + i)" Thus, in our example, you could find the PV of the stream, then find
the FV of that PV, compounded for n periods at i percent. In the illustrative problem,
find PV = 1,413.19 using the cash flow register and I = 6. Then enter N = 7,1 =6,
PV = —1413.19, and PMT = 0, and then press FV to find FV = 2,124.92, which
equals the NFV shown on the time line above.

Solving for i with Uneven Cash Flow Streams

It is relatively easy to solve for i numerically when the cash flows are lump sums or an-
nuities. However, it is extremely difficult to solve for i if the cash flows are uneven, be-
cause then you would have to go through many tedious trial-and-error calculations.
With a spreadsheet program or a financial calculator, though, it is easy to find the
value of i. Simply input the CF values into the cash flow register and then press the
IRR key. IRR stands for “internal rate of return,” which is the percentage return on an
investment. We will defer further discussion of this calculation for now, but we will
take it up later, in our discussion of capital budgeting methods in Chapter 7.?

Give two examples of financial decisions that would typically involve uneven cash
flows. (Hint: Think about a bond or a stock that you plan to hold for five years.)

What is meant by the term “terminal value”?

Growing Annuities

Normally, an annuity is defined as a series of constant payments to be received over a
specified number of periods. However, the term growing annuity is used to describe
a series of payments that is growing at a constant rate for a specified number of
periods. The most common application of growing annuities is in the area of fi-
nancial planning, where someone wants to maintain a constant real, or inflation-
adjusted, income over some specified number of years. For example, suppose a
65-year-old person is contemplating retirement, expects to live for another 20 years,

To obtain an TRR solution, at least one of the cash flows must have a negative sign, indicating that it is an
investment. Since none of the CFs in our example were negative, the cash flow stream has no IRR. How-
ever, had we input a cost for CF, say, —$1,000, we could have obtained an IRR, which would be the rate of
return earned on the $1,000 investment. Here IRR would be 13.96 percent.
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has $1 million of investment funds, expects to earn 10 percent on the investments,
expects inflation to average 5 percent per year, and wants to withdraw a constant rea/
amount per year. What is the maximum amount that he or she can withdraw at the
end of each year?

We explain in the spreadsheet model for this chapter, Ch 02 Tool Kit.xls that the
problem can be solved in three ways. (1) Use the real rate of return for I in a financial
calculator. (2) Use a relatively complicated formula. Or (3) use a spreadsheet model,
with Excel’s Goal Seek feature used to find the maximum withdrawal that will leave a
zero balance in the account at the end of 20 years. The financial calculator approach is
the easiest to use, but the spreadsheet model provides the clearest picture of what is
happening. Also, the spreadsheet approach can be adapted to find other parameters of
the general model, such as the maximum number of years a given constant income can
be provided by the initial portfolio.

To implement the calculator approach, first calculate the expected real rate of re-
turn as follows, where r, is the real rate and r,,,,,, is the nominal rate of return:

Real rate = r, = [(1 + ryom)/(1 + Inflation)] — 1.0
[1.10/1.05] — 1.0 = 4.761905%.

Now, with a financial calculator, input N = 20, I = 4.761905, PV = —1000000, and
FV = 0, and then press PMT to get the answer, $78,630.64. Thus, a portfolio worth
$1 million will provide 20 annual payments with a current dollar value of $78,630.64
under the stated assumptions. The actual payments will be growing at 5 percent per
year to offset inflation. The (nominal) value of the portfolio will be growing at first
and then declining, and it will hit zero at the end of the 20th year. The Ch 02 Tool
Kit.xIs shows all this in both tabular and graphic form.’

Differentiate between a “regular” and a growing annuity.

What three methods can be used to deal with growing annuities?

Semiannual and Other Compounding Periods

In almost all of our examples thus far, we have assumed that interest is compounded
once a year, or annually. This is called annual compounding. Suppose, however, that
you put $100 into a bank which states that it pays a 6 percent annual interest rate but
that interest is credited each six months. This is called semiannual compounding.
How much would you have accumulated at the end of one year, two years, or some
other period under semiannual compounding? Note that virtually all bonds pay inter-
est semiannually, most stocks pay dividends quarterly, and most mortgages, student
loans, and auto loans require monthly payments. Therefore, it is essential that you un-
derstand how to deal with nonannual compounding.

Types of Interest Rates

Compounding involves three types of interest rates: nominal rates, inom; periodic
rates, ippr; and effective annual rates, EAR or EFF%.

9The formula used to find the payment is shown below. Other formulas can be developed to solve for n and
other terms, but they are even more complex.
PVIF of a Growing Annuity = PVIFGA = [1 — [(1 + g)/(1 + D]*V[G — /(1 + g)]
=12.72.
Payment = PMT = PV/PVIFGA = $1,000,000/12.72
= $78,630.64.
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1. Nominal, or quoted, rate.'® This is the rate that is quoted by banks, brokers, and
other financial institutions. So, if you talk with a banker, broker, mortgage lender,
auto finance company, or student loan officer about rates, the nominal rate is the one
he or she will normally quote you. However, to be meaningful, the quoted nominal
rate must also include the number of compounding periods per year. For example, a
bank might offer 6 percent, compounded quarterly, on CDs, or a mutual fund might
offer 5 percent, compounded monthly, on its money market account.

The nominal rate on loans to consumers is also called the Annual Percentage
Rate (APR). For example, if a credit card issuer quotes an annual rate of 18
percent, this is the APR.

Note that the nominal rate is never shown on a time line, and it is never used as an input
in a financial calculator, unless compounding occurs only once a year. If more frequent com-
pounding occurs, you should use the periodic rate as discussed below.

2. Periodic rate, ipgr. This is the rate charged by a lender or paid by a borrower
each period. It can be a rate per year, per six-month period, per quarter, per
month, per day, or per any other time interval. For example, a bank might charge
1.5 percent per month on its credit card loans, or a finance company might
charge 3 percent per quarter on installment loans. We find the periodic rate as
follows:

Periodic rate, ippr = inNom/m, (2-10)
which implies that
Nominal annual rate = ingm = (Periodic rate)(m). (2-11)

Here inom is the nominal annual rate and m is the number of compounding pe-
riods per year. To illustrate, consider a finance company loan at 3 percent per
quarter:

Nominal annual rate = ingm = (Periodic rate)(m) = 3%)4) = 12%,
or

Periodic rate = inom/m = 12%/4 = 3% per quarter.

If there is only one payment per year, or if interest is added only once a year, then
m = 1, and the periodic rate is equal to the nominal rate.

The periodic rate is the rate that is generally shown on time lines and used in calcu-
lations."" To illustrate use of the periodic rate, suppose you invest $100 in an

The term nominal rate as it is used here has a different meaning than the way it was used in Chapter 1.
There, nominal interest rates referred to stated market rates as opposed to real (zero inflation) rates. In this
chapter, the term nominal rate means the stated, or quoted, annual rate as opposed to the effective annual
rate, which we explain later. In both cases, though, nominal means stated, or quoted, as opposed to some ad-
justed rate.

""The only exception is in situations where (1) annuities are involved and (2) the payment periods do not
correspond to the compounding periods. If an annuity is involved and if its payment periods do not corre-
spond to the compounding periods—for example, if you are making quarterly payments into a bank account
to build up a specified future sum, but the bank pays interest on a daily basis—then the calculations are more
complicated. For such problems, one can proceed in two alternative ways. (1) Determine the periodic (daily)
interest rate by dividing the nominal rate by 360 (or 365 if the bank uses a 365-day year), then compound
each payment over the exact number of days from the payment date to the terminal point, and then sum the
compounded payments to find the future value of the annuity. This is what would generally be done in the
real world, because with a computer, it would be a simple process. (2) Calculate the EAR, as defined on the
next page, based on daily compounding, then find the corresponding nominal rate based on quarterly com-
pounding (because the annuity payments are made quarterly), then find the quarterly periodic rate, and
then use that rate with standard annuity procedures. The second procedure is faster with a calculator, but
hard to explain and generally not used in practice given the ready availability of computers.
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account that pays a nominal rate of 12 percent, compounded quarterly. How
much would you have after two years?
For compounding more frequently than annually, we use the following modifi-

cation of Equation 2-1:

FV, = PV(I + ipgg) " ofPeriod = py (1 + ‘fn) L @1

Time Line and Equation:

0 3% 1 2 3 4 5 6 7

} } } } } } } } i Quarters
—100
FV=">
FVH - PV(I + iPER)Number of periods‘
1. NUMERICAL SOLUTION
Using Equation 2-12,
FV =$100 (1 + 0.03)®
= $126.68.
2. FINANCIAL CALCULATOR SOLUTION
Inputs: 8 3 -100 0
L S L )
Output: = 126.68

InputN =2 xX4=8,1=12/4 =3,PV =-100, and PMT = 0, and then press the FV
key to get FV = $126.68.

3. SPREADSHEET SOLUTION

A spreadsheet could be developed as we did earlier in the chapter in our discussion of
the future value of a lump sum. Rows would be set up to show the interest rate, time,
cash flow, and future value of the lump sum. The interest rate used in the spreadsheet
would be the periodic interest rate (inom/m) and the number of time periods shown

would be (m)(n).

3. Effective (or equivalent) annual rate (EAR). This is the annual rate that pro-
duces the same result as if we had compounded at a given periodic rate m
times per year. The EAR, also called EFF% (for effective percentage), is found
as follows:

EAR (or EFF%) = (1 + 11??) - 1.0. (2-13)
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You could also use the interest conversion feature of a financial calculator.'?

In the EAR equation, inom/m is the periodic rate, and m is the number of
periods per year. For example, suppose you could borrow using either a credit
card that charges 1 percent per month or a bank loan with a 12 percent quoted
nominal interest rate that is compounded quarterly. Which should you choose?
To answer this question, the cost rate of each alternative must be expressed as
an EAR:

Credit card loan: EAR = (1 + 0.01)"* — 1.0 = (1.01)"* — 1.0

= 1.126825 — 1.0 = 0.126825 = 12.6825%.
(1 + 0.03)* — 1.0 = (1.03)* — 1.0
= 1.125509 — 1.0 = 0.125509 = 12.5509%.

Bank loan: EAR

Thus, the credit card loan is slightly more costly than the bank loan. This result
should have been intuitive to you—Dboth loans have the same 12 percent nominal
rate, yet you would have to make monthly payments on the credit card versus quar-
terly payments under the bank loan.

The EAR rate is not used in calculations. However, it should be used to com-
pare the effective cost or rate of return on loans or investments when payment pe-
riods differ, as in the credit card versus bank loan example.

The Result of Frequent Compounding

Suppose you plan to invest $100 for five years at a nominal annual rate of 10 percent.
What will happen to the future value of your investment if interest is compounded
more frequently than once a year? Because interest will be earned on interest more of-
ten, you might expect the future value to increase as the frequency of compounding
increases. Similarly, you might also expect the effective annual rate to increase with
more frequent compounding. As Table 2-1 shows, you would be correct—the future
value and EAR do in fact increase as the frequency of compounding increases. Notice

2Most financial calculators are programmed to find the EAR or, given the EAR, to find the nominal rate.
This is called “interest rate conversion,” and you simply enter the nominal rate and the number of com-
pounding periods per year and then press the EFF% key to find the effective annual rate.

TABLE 2-1 The Inpact of Frequent Compounding

Nominal Effective Future Value of
Frequency of Annual Annual Rate $100 Invested
Compounding Rate (EAR)? for 5 Years®
Annual 10% 10.000% $161.05
Semiannual 10 10.250 162.89
Quarterly 10 10.381 163.86
Monthly 10 10.471 164.53
Daily® 10 10.516 164.86

“The EAR is calculated using Equation 2-13.
PThe future value is calculated using Equation 2-12.
“The daily calculations assume 365 days per year.
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Using the Internet for Personal Financial Planning

People continually face important financial decisions that
require an understanding of the time value of money. Should
we buy or lease a car? How much and how soon do we need
to save for our children’s education? What size house can we
afford? Should we refinance our home mortgage? How
much must we save in order to retire comfortably?

The answers to these questions are often complicated,
and they depend on a number of factors, such as housing and
education costs, interest rates, inflation, expected family in-
come, and stock market returns. Hopefully, after completing
this chapter, you will have a better idea of how to answer
such questions. Moreover, there are a number of online re-
sources available to help with financial planning.

A good place to start is http://www.smartmoney.com.
Smartmoney is a personal finance magazine produced by the
publishers of The Wall Street fournal. If you go to Smart-
money’s web site you will find a section entitled “Tools.” This

section has a number of financial calculators, spreadsheets,
and descriptive materials that cover a wide range of personal
finance issues.

Another good place to look is Quicken’s web site,
http://www.quicken.com. Here you will find several inter-
esting sections that deal with a variety of personal finance is-
sues. Within these sections you will find background articles
plus spreadsheets and calculators that you can use to analyze
your own situation.

Finally, http://www.financialengines.com is a great
place to visit if you are focusing specifically on retirement
planning. This web site, developed by Nobel Prize-winning
financial economist William Sharpe, considers a wide range
of alternative scenarios that might occur. This approach,
which enables you to see a full range of potential outcomes,
is much better than some of the more basic online calcula-
tors that give you simple answers to complicated questions.
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that the biggest increases in FV and EAR occur when compounding goes from annual
to semiannual, and that moving from monthly to daily compounding has a relatively
small impact. Although Table 2-1 shows daily compounding as the smallest interval, it
is possible to compound even more frequently. At the limit, one can have continuous
compounding. This is explained in the Chapter 2 Web Extension, available on the
textbook’s web site.

n il
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Self-Test
Questions

Define the nominal (or quoted) rate, the periodic rate, and the effective annual
rate.

Which rate should be shown on time lines and used in calculations?

What changes must you make in your calculations to determine the future value
of an amount that is being compounded at 8 percent semiannually versus one
being compounded annually at 8 percent?

Why is semiannual compounding better than annual compounding from a saver's
standpoint? What about a borrower’s standpoint?

Fractional Time Periods

In all the examples used thus far in the chapter, we have assumed that payments occur
at either the beginning or the end of periods, but not at some date within a period.
However, we often encounter situations that require compounding or discounting
over fractional periods. For example, suppose you deposited $100 in a bank that adds
interest to your account daily, that is, uses daily compounding, and pays a nominal rate



86

Time Value of Money

of 10 percent with a 360-day year. How much will be in your account after nine
months? The answer is $107.79:"

Periodic rate = ipgg = 0.10/360 = 0.00027778 per day.
Number of days = 0.75(360) = 270.
Ending amount = $100(1.00027778)*’° = $107.79.

Now suppose you borrow $100 from a bank that charges 10 percent per year “sim-
ple interest,” which means annual rather than daily compounding, but you borrow the
$100 for only 270 days. How much interest would you have to pay for the use of $100
for 270 days? Here we would calculate a daily interest rate, ipgg, as above, but multi-
ply by 270 rather than use it as an exponent:

Interest owed = $100(0.00027778)(270) = $7.50 interest charged.

You would owe the bank a total of $107.50 after 270 days. This is the procedure most
banks actually use to calculate interest on loans, except that they generally require you
to pay the interest on a monthly basis rather than after 270 days.

Finally, let’s consider a somewhat differentsituation. Say an Internet access firm had
100 customers at the end of 2002, and its customer base is expected to grow steadily at
the rate of 10 percent per year. What is the estimated customer base nine months into
the new year? This problem would be set up exactly like the bank account with daily
compounding, and the estimate would be 107.79 customers, rounded to 108.

The most important thing in problems like these, as in all time value problems, is to
be careful! Think about whatis involved in a logical, systematic manner, draw a time line
if it would help you visualize the situation, and then apply the appropriate equations.

Amortized Loans

One of the most important applications of compound interest involves loans that are
paid off in installments over time. Included are automobile loans, home mortgage
loans, student loans, and most business loans other than very short-term loans and
long-term bonds. If a loan is to be repaid in equal periodic amounts (monthly, quar-
terly, or annually), it is said to be an amortized loan.'*

Table 2-2 illustrates the amortization process. A firm borrows $1,000, and the loan
is to be repaid in three equal payments at the end of each of the next three years. (In
this case, there is only one payment per year, so years = periods and the stated rate =
periodic rate.) The lender charges a 6 percent interest rate on the loan balance that is
outstanding at the beginning of each year. The first task is to determine the amount
the firm must repay each year, or the constant annual payment. To find this amount,
recognize that the $1,000 represents the present value of an annuity of PMT dollars
per year for three years, discounted at 6 percent:

Here we assumed a 360-day year, and we also assumed that the nine months all have 30 days. This con-
vention is often used. However, some contracts specify that actual days be used. Computers (and many fi-
nancial calculators) have a built-in calendar, and if you input the beginning and ending dates, the computer
or calculator would tell you the exact number of days, taking account of 30-day months, 31-day months, and
28- or 29-day months.

“The word amortized comes from the Latin mors, meaning “death,” so an amortized loan is one that is
“killed off” over time.
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@ ! TABLE 2-2 Loan Amortization Schedule, 6 Percent Interest Rate
il i/
Beginning Repayment Remaining
Amount Payment Interest® of Principal® Balance
Year (1) (2) (3) (2) —@3) =(4) (1) — (4) = (5)
1 $1,000.00 $ 374.11 $ 60.00 $ 314.11 $685.89
2 685.89 37411 41.15 332.96 352.93
3 352.93 37411 21.18 352.93 0.00
$1,122.33 $122.33 $1,000.00

“Interest is calculated by multiplying the loan balance at the beginning of the year by the interest rate. Therefore,
interest in Year 1 is $1,000(0.06) = $60; in Year 2 it is $685.89(0.06) = $41.15; and in Year 3 it is $352.93(0.06) =
$21.18.

PRepayment of principal is equal to the payment of $374.11 minus the interest charge for each year.

Time Line:

6% 1 2 3

0 PMT PMT PMT

Equation:
The same general equation used to find the PV of an ordinary annuity is shown below:
1 2 n
PVA, = PMT(I,) + PMT(I,) + o+ PMT(1.>
1+1 1+1 1+1
n 1 t
= PMT
2 ()
1
1 e —
1+
i

= PMT(PVIFA, )

2-5)

= PMT

1. NUMERICAL SOLUTION

We know the PV, the interest rate, and the number of periods. The only unknown
variable is the payment:

3 t
$1,000 = PMT 2 <1>

“~\1 +0.06

| — 1 (2-5a)
_ pMT 1 + 0.06)°
B 0.06

Using Equation 2-5a, we can solve the equation for the payment:

1
L= oar
(1 + 0.06)
0.06
PMT = $1,000/2.6730 = $374.11.

$1,000 = PMT = PMT(2.6730)
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See Ch 02 Tool Kit.xls for
details.

Self-Test
Questions

Summary

2. FINANCIAL CALCULATOR SOLUTION

Inputs: 3 6 1000 0
CR RN TR
Output: = —374.11

Enter N = 3,1 = 6, PV = 1000, and FV = 0, and then press the PMT key to find
PMT = —$374.11.

3. SPREADSHEET SOLUTION

The spreadsheet is ideal for developing amortization tables. The setup is similar to
"Table 2-2, but you would want to include “input” cells for the interest rate, principal
value, and the length of the loan. This would make the spreadsheet flexible in the
sense that the loan terms could be changed and a new amortization table would be re-
calculated instantly. Then use the function wizard to find the payment. If you had I =
6% in B1, N = 3 in B2, and PV = 1000 in B3, then the function = PMT(B1, B2, B3)
would return a result of —$374.11.

Therefore, the firm must pay the lender $374.11 at the end of each of the next
three years, and the percentage cost to the borrower, which is also the rate of return
to the lender, will be 6 percent. Each payment consists partly of interest and partly of
repayment of principal. This breakdown is given in the amortization schedule
shown in Table 2-2. The interest component is largest in the first year, and it declines
as the outstanding balance of the loan decreases. For tax purposes, a business bor-
rower or homeowner reports the interest component shown in Column 3 as a
deductible cost each year, while the lender reports this same amount as taxable
income.

Financial calculators are programmed to calculate amortization tables—you sim-
ply enter the input data, and then press one key to get each entry in Table 2-2. If you
have a financial calculator, it is worthwhile to read the appropriate section of the cal-
culator manual and learn how to use its amortization feature. As we show in the model
for this chapter, with a spreadsheet such as Excel it is easy to set up and print out a full
amortization schedule.

To construct an amortization schedule, how do you determine the amount of the
periodic payments?

How do you determine the amount of each payment that goes to interest and to
principal?

Most financial decisions involve situations in which someone pays money at one
point in time and receives money at some later time. Dollars paid or received at
two different points in time are different, and this difference is recognized and ac-
counted for by time value of money (ITVM) analysis. We summarize below the types
of TVM analysis and the key concepts covered in this chapter, using the data
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FIGURE 2-3 - lllustration for Chapter Summary
(i = 4%, Annual Compounding)

0 4% 1 2 3 Years
' 1,000 1,000 — 1,000.00
L |
961.50 | — i’gg(;'gg
924.60 Jol.
889.00
Present value = 2,775.10 Future value = 3,121.60

shown in Figure 2-3 to illustrate the various points. Refer to the figure constantly,
and try to find in it an example of the points covered as you go through this
summary.

e Compounding is the process of determining the future value (FV) of a cash flow
or a series of cash flows. The compounded amount, or future value, is equal to the
beginning amount plus the interest earned.

e Future value: FV,, = PV(1 + i)" = PV(FVIF, ).

(single payment)
Example: $1,000 compounded for 1 year at 4 percent:
FV, = $1,000(1.04)" = $1,040.

e Discounting is the process of finding the present value (PV) of a future cash
flow or a series of cash flows; discounting is the reciprocal, or reverse, of com-
pounding.

FvV,
a+°

1 n
FV(m) = FV,(PVIF, ).

® Present value: PV =
(single payment)
Example: $1,000 discounted back for 2 years at 4 percent:

$1,000
(1.04)?

2
= $1,000 (1) = $1,000(0.9246) = $924.60.

PV = 1.04

e An annuity is defined as a series of equal periodic payments (PMT) for a specified
number of periods.
e Future value:

(annuity)
FVA, = PMT{1 + )™ ! + PMT{1 + )" 2 + PMTA + )" ° + - - - + PMT{ + i)°
=PMT > (1 +i)""
t=1
1+ -1
()
1
= PMT(FVIFA; ).
Example: FVA of 3 payments of $1,000 when i = 4%:
FVA; = $1,000(3.1216) = $3,121.60.
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PMT PMT PMT
— + —+ -+ —
(1 +1) (1 +19) I +1)

Present value: PVA,, =
(annuity)

n 1 t
_PMT;I{HJ
1

1_7
T
_pmr | — DT

1

= PMT(PVIFA; ).
Example: PVA of 3 payments of $1,000 when i = 4% per period:
PVA; = $1,0002.7751) = $2,775.10.

An annuity whose payments occur at the end of each period is called an ordinary
annuity. The formulas above are for ordinary annuities.

If each payment occurs at the beginning of the period rather than at the end, then
we have an annuity due. In Figure 2-3, the payments would be shown at Years 0,
1, and 2 rather than at Years 1, 2, and 3. The PV of each payment would be larger,
because each payment would be discounted back one year less, so the PV of the
annuity would also be larger. Similarly, the FV of the annuity due would also be
larger because each payment would be compounded for an extra year. The follow-
ing formulas can be used to convert the PV and FV of an ordinary annuity to an
annuity due:

PVA (annuity due) = PVA of an ordinary annuity X (1 + i).
FVA (annuity due) = FVA of an ordinary annuity X (1 + i).
Example: PVA of 3 beginning-of-year payments of $1,000 when i = 4%:
PVA (annuity due) = $1,000(2.7751)(1.04) = $2,886.10.
Example: FVA of 3 beginning-of-year payments of $1,000 when i = 4%:
FVA (annuity due) = $1,000(3.1216)(1.04) = $3,246.46.

If the time line in Figure 2-3 were extended out forever so that the $1,000 pay-
ments went on forever, we would have a perpetuity whose value could be found as
follows:

Value of cuity PMT _ $1,000
alue of perpetuity = —— =
i 0.04

If the cash flows in Figure 2-3 were unequal, we could not use the annuity formu-
las. To find the PV or FV of an uneven series, find the PV or FV of each individual
cash flow and then sum them. Note, though, that if some of the cash flows
constitute an annuity, then the annuity formula can be used to calculate the present
value of that part of the cash flow stream.

Financial calculators have built-in programs that perform all of the operations
discussed in this chapter. It would be useful for you to buy such a calculator and to
learn how to use it.

Spreadsheet programs are especially useful for problems with many uneven cash
flows. They are also very useful if you want to solve a problem repeatedly with dif-

= $25,000.
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ferent inputs. See Ch 02 Tool Kit.xIs on the textbook’s web site that accompanies
this text for spreadsheet models of the topics covered in this chapter.
TVM calculations generally involve equations that have four variables, and if you
know three of the values, you (or your calculator) can solve for the fourth.
If you know the cash flows and the PV (or FV) of a cash flow stream, you can de-
termine the interest rate. For example, in the Figure 2-3 illustration, if you were
given the information that a loan called for 3 payments of $1,000 each, and that
the loan had a value today of PV = $2,775.10, then you could find the interest rate
that caused the sum of the PVs of the payments to equal $2,775.10. Since we are
dealing with an annuity, you could proceed as follows:

With a financial calculator, enter N = 3, PV = 2775.10, PMT = —1000, FV =
0, and then press the I key to find I = 4%.
Thus far in this section we have assumed that payments are made, and interest
is earned, annually. However, many contracts call for more frequent payments;
for example, mortgage and auto loans call for monthly payments, and most
bonds pay interest semiannually. Similarly, most banks compute interest daily.
When compounding occurs more frequently than once a year, this fact must be
recognized. We can use the Figure 2-3 example to illustrate semiannual com-
pounding. First, recognize that the 4 percent stated rate is a nominal rate that
must be converted to a periodic rate, and the number of years must be con-
verted to periods:

ippr = Stated rate/Periods per year = 4%/2 = 2%.
Periods = Years X Periods per year = 3 X 2 = 6.

The periodic rate and number of periods would be used for calculations and shown
on time lines.

If the $1,000 per-year payments were actually payable as $500 each 6 months,

you would simply redraw Figure 2-3 to show 6 payments of $500 each, but you
would also use a periodic interest rate of 4%/2 = 2% for determining the PV or
FV of the payments.
If we are comparing the costs of loans that require payments more than once a
year, or the rates of return on investments that pay interest more frequently, then
the comparisons should be based on equivalent (or effective) rates of return using
this formula:

Effective annual rate = EAR (or EFF%) = (1 + anjm) - 1.0.

For semiannual compounding, the effective annual rate is 4.04 percent:

0.04)? ,
L+ =7 ) = 10= (1027 = 1.0 = 1.0404 — 1.0 = 0.0404 = 4.04%.

The general equation for finding the future value for any number of compounding
periods per year is:

iN mn
FV, = PV<1 + °‘“> ;
m
where
inom = quoted interest rate.

m = number of compounding periods per year.
n = number of years.
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Questions

2-5

e An amortized loan is one that is paid off in equal payments over a specified
period. An amortization schedule shows how much of each payment constitutes
interest, how much is used to reduce the principal, and the unpaid balance at each
point in time.

The concepts covered in this chapter will be used throughout the remainder of the
book. For example, in Chapters 4 and 5, we apply present value concepts to find the
values of bonds and stocks, and we see that the market prices of securities are estab-
lished by determining the present values of the cash flows they are expected to pro-
vide. In later chapters, the same basic concepts are applied to corporate decisions in-
volving expenditures on capital assets, to the types of capital that should be used to pay
for assets, and so forth.

Define each of the following terms:

. PV;i; INT; FV,; PVA; FVA; PMT, m; inom

FVIF, ,; PVIF; ,;; FVIFA; ; PVIFA,

. Opportunity cost rate

Annuity; lump sum payment; cash flow; uneven cash flow stream

. Ordinary (deferred) annuity; annuity due

. Perpetuity; consol

Outflow; inflow; time line; terminal value

. Compounding; discounting

Annual, semiannual, quarterly, monthly, and daily compounding

. Effective annual rate (EAR); nominal (quoted) interest rate; APR; periodic rate
. Amortization schedule; principal versus interest component of a payment; amortized loan

e me P08 i 0 00 T R

What is an opportunity cost rate? How is this rate used in discounted cash flow analysis, and where
is it shown on a time line? Is the opportunity rate a single number which is used in all situations?

An annuity is defined as a series of payments of a fixed amount for a specific number of periods.
Thus, $100 a year for 10 years is an annuity, but $100 in Year 1, $200 in Year 2, and $400 in
Years 3 through 10 does 7oz constitute an annuity. However, the second series contains an annu-
ity. Is this statement true or false?

If a firm’s earnings per share grew from $1 to $2 over a 10-year period, the rotal growrh would be
100 percent, but the annual growth rate would be less than 10 percent. True or false? Explain.

Would you rather have a savings account that pays 5 percent interest compounded semiannually
or one that pays 5 percent interest compounded daily? Explain.

Self-Test Problems (solutions Appear in Appendix A)

ST-1
FUTURE VALUE

Assume that one year from now, you will deposit $1,000 into a savings account that pays 8 per-

cent.

a. If the bank compounds interest annually, how much will you have in your account four years
from now?

b. What would your balance four years from now be if the bank used quarterly compounding
rather than annual compounding?

c. Suppose you deposited the $1,000 in 4 payments of $250 each at Year 1, Year 2, Year 3, and
Year 4. How much would you have in your account at Year 4, based on 8 percent annual
compounding?

d. Suppose you deposited 4 equal payments in your account at Year 1, Year 2, Year 3, and Year 4.
Assuming an 8 percent interest rate, how large would each of your payments have to be for
you to obtain the same ending balance as you calculated in part a?



ST-2
TIME VALUE OF MONEY

ST-3
EFFECTIVE ANNUAL RATES

Problems

2-1
PRESENT AND FUTURE VALUES
FOR DIFFERENT PERIODS

2-2
PRESENT AND FUTURE VALUES
FOR DIFFERENT
INTEREST RATES

2-3
TIME FOR A LUMP SUM
TO DOUBLE

Time Value of Money

Assume that you will need $1,000 four years from now. Your bank compounds interest at an 8

percent annual rate.

a. How much must you deposit one year from now to have a balance of $1,000 four years from
now?

b. If you want to make equal payments at Years 1 through 4, to accumulate the $1,000, how
large must each of the 4 payments be?

c. If your father were to offer either to make the payments calculated in part b ($221.92) or to
give you a lump sum of $750 one year from now, which would you choose?

d. If you have only $750 one year from now, what interest rate, compounded annually, would
you have to earn to have the necessary $1,000 four years from now?

e. Suppose you can deposit only $186.29 each at Years 1 through 4, but you still need $1,000 at
Year 4. What interest rate, with annual compounding, must you seek out to achieve your goal?

f. To help you reach your $1,000 goal, your father offers to give you $400 one year from now.
You will get a part-time job and make 6 additional payments of equal amounts each 6 months
thereafter. If all of this money is deposited in a bank which pays 8 percent, compounded
semiannually, how large must each of the 6 payments be?

g. What is the effective annual rate being paid by the bank in part f?

Bank A pays 8 percent interest, compounded quarterly, on its money market account. The
managers of Bank B want its money market account to equal Bank A effective annual rate,
but interest is to be compounded on a monthly basis. What nominal, or quoted, rate must
Bank B set?

Find the following values, using the equations, and then work the problems using a financial cal-
culator to check your answers. Disregard rounding differences. (Hint: If you are using a finan-
cial calculator, you can enter the known values and then press the appropriate key to find the
unknown variable. Then, without clearing the TVM register, you can “override” the variable
which changes by simply entering a new value for it and then pressing the key for the unknown
variable to obtain the second answer. This procedure can be used in parts b and d, and in many
other situations, to see how changes in input variables affect the output variable.)

a. An initial $500 compounded for 1 year at 6 percent.

b. An initial $500 compounded for 2 years at 6 percent.

c. The present value of $500 due in 1 year at a discount rate of 6 percent.

d. The present value of $500 due in 2 years at a discount rate of 6 percent.

Use equations and a financial calculator to find the following values. See the hint for Prob-

lem 2-1.

a. An initial $500 compounded for 10 years at 6 percent.

b. An initial $500 compounded for 10 years at 12 percent.

c. The present value of $500 due in 10 years at a 6 percent discount rate.

d. The present value of $1,552.90 due in 10 years at a 12 percent discount rate and at a 6 per-
cent rate. Give a verbal definition of the term present value, and illustrate it using a time line
with data from this problem. As a part of your answer, explain why present values are depen-
dent upon interest rates.

To the closest year, how long will it take $200 to double if it is deposited and earns the follow-
ing rates? [Notes: (1) See the hint for Problem 2-1. (2) This problem cannot be solved exactly
with some financial calculators. For example, if you enter PV = —200, PMT = 0, FV = 400,
and I = 7 in an HP-12C, and then press the N key, you will get 11 years for part a. The correct
answer is 10.2448 years, which rounds to 10, but the calculator rounds up. However, the HP-
10B and HP-17B give the correct answer.]

a. 7 percent.

b. 10 percent.

c. 18 percent.

d. 100 percent.
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2-4
FUTURE VALUE OF AN ANNUITY

2-5
PRESENT VALUE
OF AN ANNUITY

2-6
UNEVEN CASH FLOW STREAM

2-7
EFFECTIVE RATE OF INTEREST

2-8
FUTURE VALUE FOR VARIOUS
COMPOUNDING PERIODS

2-9
PRESENT VALUE FOR VARIOUS
COMPOUNDING PERIODS

2-10
FUTURE VALUE OF AN
ANNUITY FOR VARIOUS
COMPOUNDING PERIODS

Find the future value of the following annuities. The first payment in these annuities is made at

the end of Year 1; that is, they are ordinary annuities. (Note: See the hint to Problem 2-1. Also,

note that you can leave values in the TVM register, switch to “BEG,” press FV, and find the FV

of the annuity due.)

a. $400 per year for 10 years at 10 percent.

b. $200 per year for 5 years at 5 percent.

c. $400 per year for 5 years at 0 percent.

d. Now rework parts a, b, and ¢ assuming that payments are made at the beginning of each year;
that is, they are annuities due.

Find the present value of the following ordinary annuities (see note to Problem 2-4):

a. $400 per year for 10 years at 10 percent.

b. $200 per year for 5 years at 5 percent.

c. $400 per year for 5 years at 0 percent.

d. Now rework parts a, b, and ¢ assuming that payments are made at the beginning of each year;
that is, they are annuities due.

a. Find the present values of the following cash flow streams. The appropriate interest rate is 8
percent. (Hint: It is fairly easy to work this problem dealing with the individual cash flows.
However, if you have a financial calculator, read the section of the manual that describes how
to enter cash flows such as the ones in this problem. This will take a little time, but the in-
vestment will pay huge dividends throughout the course. Note, if you do work with the cash
flow register, then you must enter CF, = 0.)

Year Cash Stream A Cash Stream B
1 $100 $300
2 400 400
3 400 400
4 400 400
5 300 100

b. What is the value of each cash flow stream at a 0 percent interest rate?

Find the interest rates, or rates of return, on each of the following:

a. You borrow $700 and promise to pay back $749 at the end of 1 year.

b. You lend $700 and receive a promise to be paid $749 at the end of 1 year.

c. You borrow $85,000 and promise to pay back $201,229 at the end of 10 years.

d. You borrow $9,000 and promise to make payments of $2,684.80 per year for 5 years.

Find the amount to which $500 will grow under each of the following conditions:
a. 12 percent compounded annually for 5 years.

b. 12 percent compounded semiannually for 5 years.

c. 12 percent compounded quarterly for 5 years.

d. 12 percent compounded monthly for 5 years.

Find the present value of $500 due in the future under each of the following conditions:
a. 12 percent nominal rate, semiannual compounding, discounted back 5 years.

b. 12 percent nominal rate, quarterly compounding, discounted back 5 years.

c. 12 percent nominal rate, monthly compounding, discounted back 1 year.

Find the future values of the following ordinary annuities:

a. FV of $400 each 6 months for 5 years at a nominal rate of 12 percent, compounded semian-
nually.

b. FV of $200 each 3 months for 5 years at a nominal rate of 12 percent, compounded quar-
terly.

c. The annuities described in parts a and b have the same amount of money paid into them dur-
ing the 5-year period and both earn interest at the same nominal rate, yet the annuity in part
b earns $101.60 more than the one in part a over the 5 years. Why does this occur?



2-11
EFFECTIVE VERSUS NOMINAL
INTEREST RATES

2-12
AMORTIZATION SCHEDULE

2-13
GROWTH RATES

2-14
EXPECTED RATE OF RETURN

2-15
EFFECTIVE RATE OF INTEREST

2-16
REQUIRED LUMP SUM PAYMENT

2-17
REPAYING A LOAN

2-18
REACHING A FINANCIAL GOAL

2-19
PRESENT VALUE
OF A PERPETUITY

2-20
PV AND EFFECTIVE
ANNUAL RATE

Time Value of Money

Universal Bank pays 7 percent interest, compounded annually, on time deposits. Regional Bank

pays 6 percent interest, compounded quarterly.

a. Based on effective interest rates, in which bank would you prefer to deposit your money?

b. Could your choice of banks be influenced by the fact that you might want to withdraw your
funds during the year as opposed to at the end of the year? In answering this question, as-
sume that funds must be left on deposit during the entire compounding period in order for
you to receive any interest.

a. Set up an amortization schedule for a $25,000 loan to be repaid in equal installments at the
end of each of the next 5 years. The interest rate is 10 percent.

b. How large must each annual payment be if the loan is for $50,000? Assume that the interest
rate remains at 10 percent and that the loan is paid off over 5 years.

c. How large must each payment be if the loan is for $50,000, the interest rate is 10 percent, and
the loan is paid off in equal installments at the end of each of the next 10 years? This loan is
for the same amount as the loan in part b, but the payments are spread out over twice as many
periods. Why are these payments not half as large as the payments on the loan in part b?

Hanebury Corporation’s current sales were $12 million. Sales were $6 million 5 years earlier.

a. To the nearest percentage point, at what rate have sales been growing?

b. Suppose someone calculated the sales growth for Hanebury Corporation in part a as follows:
“Sales doubled in 5 years. This represents a growth of 100 percent in 5 years, so, dividing
100 percent by 5, we find the growth rate to be 20 percent per year.” Explain what is wrong
with this calculation.

Washington-Pacific invests $4 million to clear a tract of land and to set out some young pine
trees. The trees will mature in 10 years, at which time Washington-Pacific plans to sell the for-
est at an expected price of $8 million. What is Washington-Pacific’s expected rate of return?

A mortgage company offers to lend you $85,000; the loan calls for payments of $8,273.59 per
year for 30 years. What interest rate is the mortgage company charging you?

To complete your last year in business school and then go through law school, you will need
$10,000 per year for 4 years, starting next year (that is, you will need to withdraw the first
$10,000 one year from today). Your rich uncle offers to put you through school, and he will de-
posit in a bank paying 7 percent interest a sum of money that is sufficient to provide the four
payments of $10,000 each. His deposit will be made today.

a. How large must the deposit be?

b. How much will be in the account immediately after you make the first withdrawal? After the

last withdrawal?

While Mary Corens was a student at the University of Tennessee, she borrowed $12,000 in stu-
dent loans at an annual interest rate of 9 percent. If Mary repays $1,500 per year, how long, to
the nearest year, will it take her to repay the loan?

You need to accumulate $10,000. To do so, you plan to make deposits of $1,250 per year, with
the first payment being made a year from today, in a bank account which pays 12 percent an-
nual interest. Your last deposit will be less than $1,250 if less is needed to round out to
$10,000. How many years will it take you to reach your $10,000 goal, and how large will the
last deposit be?

What is the present value of a perpetuity of $100 per year if the appropriate discount rate is 7
percent? If interest rates in general were to double and the appropriate discount rate rose to 14
percent, what would happen to the present value of the perpetuity?

Assume that you inherited some money. A friend of yours is working as an unpaid intern at a local
brokerage firm, and her boss is selling some securities that call for four payments, $50 at the end
of each of the next 3 years, plus a payment of $1,050 at the end of Year 4. Your friend says she can
get you some of these securities at a cost of $900 each. Your money is now invested in a bank that
pays an 8 percent nominal (quoted) interest rate but with quarterly compounding. You regard
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2-21
LOAN AMORTIZATION

2-22
LOAN AMORTIZATION

2-23
NONANNUAL COMPOUNDING

2-24
NOMINAL RATE OF RETURN

2-25
REQUIRED ANNUITY PAYMENTS

the securities as being just as safe, and as liquid, as your bank deposit, so your required effective
annual rate of return on the securities is the same as that on your bank deposit. You must calcu-
late the value of the securities to decide whether they are a good investment. What is their pres-
ent value to you?

Assume that your aunt sold her house on December 31 and that she took a mortgage in the
amount of $10,000 as part of the payment. The mortgage has a quoted (or nominal) interest rate
of 10 percent, but it calls for payments every 6 months, beginning on June 30, and the mortgage is
to be amortized over 10 years. Now, 1 year later, your aunt must inform the IRS and the person
who bought the house of the interest that was included in the two payments made during the year.
(This interest will be income to your aunt and a deduction to the buyer of the house.) To the clos-
est dollar, whatis the total amount of interest that was paid during the first year?

Your company is planning to borrow $1,000,000 on a 5-year, 15%, annual payment, fully amor-
tized term loan. What fraction of the payment made at the end of the second year will represent
repayment of principal?

a. It is now January 1, 2002. You plan to make 5 deposits of $100 each, one every 6 months,
with the first payment being made zoday. If the bank pays a nominal interest rate of 12 per-
cent but uses semiannual compounding, how much will be in your account after 10 years?

b. You must make a payment of $1,432.02 ten years from today. To prepare for this payment,
you will make 5 equal deposits, beginning today and for the next 4 quarters, in a bank that
pays a nominal interest rate of 12 percent, quarterly compounding. How large must each of
the 5 payments be?

Anne Lockwood, manager of Oaks Mall Jewelry, wants to sell on credit, giving customers 3
months in which to pay. However, Anne will have to borrow from her bank to carry the ac-
counts payable. The bank will charge a nominal 15 percent, but with monthly compounding.
Anne wants to quote a nominal rate to her customers (all of whom are expected to pay on time)
which will exactly cover her financing costs. What nominal annual rate should she quote to her
credit customers?

Assume that your father is now 50 years old, that he plans to retire in 10 years, and that he ex-
pects to live for 25 years after he retires, that is, until he is 85. He wants a fixed retirement in-
come that has the same purchasing power at the time he retires as $40,000 has today (he realizes
that the real value of his retirement income will decline year by year after he retires). His re-
tirement income will begin the day he retires, 10 years from today, and he will then get 24 addi-
tional annual payments. Inflation is expected to be 5 percent per year from today forward; he
currently has $100,000 saved up; and he expects to earn a return on his savings of 8 percent per
year, annual compounding. To the nearest dollar, how much must he save during each of the
next 10 years (with deposits being made at the end of each year) to meet his retirement goal?

Spreadsheet Problem

2-26
BUILD A MODEL:
THE TIME VALUE OF MONEY

Start with the partial model in the file Ch 02 P26 Build a Model.xls from the textbook’s web

site. Answer the following questions, using a spreadsheet model to do the calculations.

a. Find the FV of $1,000 invested to earn 10 percent after 5 years. Answer this question by us-
ing a math formula and also by using the Excel function wizard.

b. Now create a table that shows the FV at 0 percent, 5 percent, and 20 percent for 0, 1, 2, 3, 4,
and 5 years. Then create a graph with years on the horizontal axis and FV on the vertical axis
to display your results.

c. Find the PV of $1,000 due in 5 years if the discount rate is 10 percent. Again, work the prob-
lem with a formula and also by using the function wizard.

d. A security has a cost of $1,000 and will return $2,000 after 5 years. What rate of return does
the security provide?

e. Suppose California’s population is 30 million people, and its population is expected to grow
by 2 percent per year. How long would it take for the population to double?

f. Find the PV of an annuity that pays $1,000 at the end of each of the next 5 years if the inter-
est rate is 15 percent. Then find the FV of that same annuity.
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g. How would the PV and FV of the annuity change if it were an annuity due rather than an or-
dinary annuity?

h. What would the FV and the PV for parts a and c be if the interest rate were 10 percent with
semiannual compounding rather than 10 percent with annual compounding?

i. Find the PV and the FV of an investment that makes the following end-of-year payments.
The interest rate is 8 percent.

Year Payment
1 $100
2 200
3 400

j- Suppose you bought a house and took out a mortgage for $50,000. The interest rate is 8 per-
cent, and you must amortize the loan over 10 years with equal end-of-year payments. Set up
an amortization schedule that shows the annual payments and the amount of each payment
that goes to pay off the principal and the amount that constitutes interest expense to the bor-
rower and interest income to the lender.

(1) Create a graph that shows how the payments are divided between interest and principal
repayment over time.

(2) Suppose the loan called for 10 years of monthly payments, with the same original
amount and the same nominal interest rate. What would the amortization schedule show
now?

Assume that you are nearing graduation and that you have applied for a job with a local bank. As
part of the bank’s evaluation process, you have been asked to take an examination that covers
several financial analysis techniques. The first section of the test addresses discounted cash flow
analysis. See how you would do by answering the following questions.

a. Draw time lines for (a) a $100 lump sum cash flow at the end of Year 2, (b) an ordinary an-
nuity of $100 per year for 3 years, and (c) an uneven cash flow stream of —$50, $100, $75,
and $50 at the end of Years 0 through 3.

b. (1) What s the future value of an initial $100 after 3 years if it is invested in an account pay-

ing 10 percent annual interest?
(2) What is the present value of $100 to be received in 3 years if the appropriate interest
rate is 10 percent?

c. We sometimes need to find how long it will take a sum of money (or anything else) to grow
to some specified amount. For example, if a company’s sales are growing at a rate of 20 per-
cent per year, how long will it take sales to double?

d. If you want an investment to double in three years, what interest rate must it earn?

e. What is the difference between an ordinary annuity and an annuity due? What type of an-
nuity is shown below? How would you change it to the other type of annuity?

0

O e —

100 100 100

f. (1) What is the future value of a 3-year ordinary annuity of $100 if the appropriate interest
rate is 10 percent?
(2) What is the present value of the annuity?
(3) What would the future and present values be if the annuity were an annuity due?
g. What s the present value of the following uneven cash flow stream? The appropriate inter-
est rate is 10 percent, compounded annually.

1 2 3 4 Years
100 300 300 0

OO
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h. (1) Define (a) the stated, or quoted, or nominal rate (ixom) and (b) the periodic rate (ipgr).

(2) Will the future value be larger or smaller if we compound an initial amount more often
than annually, for example, every 6 months, or seziannually, holding the stated interest
rate constant? Why?

(3) What is the future value of $100 after 5 years under 12 percent annual compounding?
Semiannual compounding? Quarterly compounding? Monthly compounding? Daily
compounding?

(4) What is the effective annual rate (EAR)? What is the EAR for a nominal rate of 12 per-
cent, compounded semiannually? Compounded quarterly? Compounded monthly?
Compounded daily?

i. Will the effective annual rate ever be equal to the nominal (quoted) rate?
j. (1) Construct an amortization schedule for a $1,000, 10 percent annual rate loan with 3

equal installments.
(2) What s the annual interest expense for the borrower, and the annual interest income for
the lender, during Year 2?

. Suppose on January 1 you deposit $100 in an account that pays a nominal, or quoted, inter-

est rate of 11.33463 percent, with interest added (compounded) daily. How much will you
have in your account on October 1, or after 9 months?

. (1) What is the value at the end of Year 3 of the following cash flow stream if the quoted in-

terest rate is 10 percent, compounded semiannually?

2 3 Years

1
100 100 100

OO

(2) What is the PV of the same stream?

(3) Is the stream an annuity?

(4) An important rule is that you should zever show a nominal rate on a time line or use it in
calculations unless what condition holds? (Hint: Think of annual compounding, when
iNnom = EAR = ip,,.) What would be wrong with your answer to Questions 1 (1) and 1 (2)
if you used the nominal rate (10%) rather than the periodic rate (inow/2 = 10%/2 =
5%)?

. Suppose someone offered to sell you a note calling for the payment of $1,000 fifteen months

from today. They offer to sell it to you for $850. You have $850 in a bank time deposit which
pays a 6.76649 percent nominal rate with daily compounding, which is a 7 percent effective
annual interest rate, and you plan to leave the money in the bank unless you buy the note.
The note is not risky—you are sure it will be paid on schedule. Should you buy the note?
Check the decision in three ways: (1) by comparing your future value if you buy the note
versus leaving your money in the bank, (2) by comparing the PV of the note with your cur-
rent bank account, and (3) by comparing the EAR on the note versus that of the bank
account.
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Risk and Return

Skill or luck? That's the question The Wall Street Journal’s Investment Dartboard
Contest sought to answer by pitting the stock-picking ability of professional analysts
against both amateurs and stocks chosen by throwing darts at tables of stock listings.

Here's how the contest worked. The Wall Street Journal (WSJ) picked four pro-
fessional analysts, and each of those pros formed a portfolio by picking four stocks.
The stocks must be traded on the NYSE, AMEX, or Nasdag; have a market capitaliza-
tion of at least $50 million and a stock price of at least $2; and have average daily
trades of at least $100,000. Amateurs could enter the contest by e-mailing their pick of
a single stock to the WSJ, which then picked four amateurs at random and combined
their choices to make a four-stock portfolio. Finally, a group of WSJ editors threw four
darts at the stock tables. At the beginning of the contest, the WSJ announced the pros’
picks, and at the end of six months, the paper announced the results. The top two pros
were invited back for another six months.

The WSJ actually had six separate contests running simultaneously, with a new
one beginning each month; since 1990 there have been 142 completed contests. The
proshave beatenthe darts87 times and lost 55 times. The pros also beat the Dow Jones
Industrial Average in 54 percent of the contests. However, the pros have an average six-
month portfolio return of 10.2 percent, much higher than the DJIA six-month average of
5.6 percent and the darts’ return of only 3.5 percent. In 30 six-month contests, the
readers lost an average of 4 percent, while the pros posted an average gain of 7.2
percent.

Do these results mean that skill is more important than luck when it comes to in-
vesting in stocks? Not necessarily, according to Burton Malkiel, an economics profes-
sor at Princeton and the author of the widely read book, A Random Walk Down Wall
Street. Since the dart-selected portfolios consist of randomly chosen stocks, they
should have betas that average close to 1.0, and hence be of average risk. However,
the pros have consistently picked high-beta stocks. Because we have enjoyed a bull
market during the last decade, one would expect high-beta stocks to outperform the
market. Therefore, according to Malkiel, the pros’ performance could be due to a ris-
ing market rather than superior analytical skills. The WSJ ended the contest in 2002,
so we won't know for sure whether Malkiel was right or wrong.
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The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 03
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

In this chapter, we start from the basic premise that investors like returns and dislike
risk. Therefore, people will invest in risky assets only if they expect to receive higher
returns. We define precisely what the term 7isk means as it relates to investments. We
examine procedures managers use to measure risk, and we discuss the relationship be-
tween risk and return. In Chapters 4 and 5, we extend these relationships to show how
risk and return interact to determine security prices. Managers must understand these
concepts and think about them as they plan the actions that will shape their firms’ fu-
tures.

As you will see, risk can be measured in different ways, and different conclusions
about an asset’s risk can be reached depending on the measure used. Risk analysis can
be confusing, but it will help if you remember the following:

1. All financial assets are expected to produce cash flows, and the risk of an asset is
judged in terms of the risk of its cash flows.

2. The risk of an asset can be considered in two ways: (1) on a stand-alone basis, where
the asset’s cash flows are analyzed by themselves, or (2) in a portfolio context, where
the cash flows from a number of assets are combined and then the consolidated
cash flows are analyzed.' There is an important difference between stand-alone and
portfolio risk, and an asset that has a great deal of risk if held by itself may be much
less risky if it is held as part of a larger portfolio.

3. In a portfolio context, an asset’s risk can be divided into two components: (a) diver-
sifiable risk, which can be diversified away and thus is of little concern to diversified
investors, and (b) market risk, which reflects the risk of a general stock market de-
cline and which cannot be eliminated by diversification, does concern investors.
Only market risk is relevant—diversifiable risk is #rrelevant to rational investors be-
cause it can be eliminated.

4. An asset with a high degree of relevant (market) risk must provide a relatively high
expected rate of return to attract investors. Investors in general are averse ro risk, so
they will not buy risky assets unless those assets have high expected returns.

5. In this chapter, we focus on financial assets such as stocks and bonds, but the con-
cepts discussed here also apply to physical assets such as computers, trucks, or even
whole plants.

Investment Returns

With most investments, an individual or business spends money today with the expec-
tation of earning even more money in the future. The concept of resurn provides in-
vestors with a convenient way of expressing the financial performance of an invest-
ment. To illustrate, suppose you buy 10 shares of a stock for $1,000. The stock pays no
dividends, but at the end of one year, you sell the stock for $1,100. What is the return
on your $1,000 investment?

One way of expressing an investment return is in dollar terms. The dollar return is
simply the total dollars received from the investment less the amount invested:

Dollar return = Amount received — Amount invested
= $1,100 — $1,000
= $100.

YA portfolio is a collection of investment securities. If you owned some General Motors stock, some Exxon
Mobil stock, and some IBM stock, you would be holding a three-stock portfolio. Because diversification
lowers risk, most stocks are held in portfolios.
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If at the end of the year you had sold the stock for only $900, your dollar return would
have been —$100.

Although expressing returns in dollars is easy, two problems arise: (1) To make a
meaningful judgment about the return, you need to know the scale (size) of the in-
vestment; a $100 return on a $100 investment is a good return (assuming the invest-
ment is held for one year), but a $100 return on a $10,000 investment would be a poor
return. (2) You also need to know the timing of the return; a $100 return on a $100 in-
vestment is a very good return if it occurs after one year, but the same dollar return af-
ter 20 years would not be very good.

The solution to the scale and timing problems is to express investment results as
rates of return, or percentage returns. For example, the rate of return on the 1-year stock
investment, when $1,100 is received after one year, is 10 percent:

Amount received — Amount invested

Rate of return = -
Amount invested

Dollar return $100

~ Amount invested $1,000
=0.10 = 10%.

"The rate of return calculation “standardizes” the return by considering the return per
unit of investment. In this example, the return of 0.10, or 10 percent, indicates that
each dollar invested will earn 0.10($1.00) = $0.10. If the rate of return had been neg-
ative, this would indicate that the original investment was not even recovered. For ex-
ample, selling the stock for only $900 results in a minus 10 percent rate of return,
which means that each invested dollar lost 10 cents.

Note also that a $10 return on a $100 investment produces a 10 percent rate of re-
turn, while a $10 return on a $1,000 investment results in a rate of return of only 1
percent. Thus, the percentage return takes account of the size of the investment.

Expressing rates of return on an annual basis, which is typically done in practice,
solves the timing problem. A $10 return after one year on a $100 investment results in
a 10 percent annual rate of return, while a $10 return after five years yields only a 1.9
percent annual rate of return.

Although we illustrated return concepts with one outflow and one inflow, rate of
return concepts can easily be applied in situations where multiple cash flows occur
over time. For example, when Intel makes an investment in new chip-making technol-
ogy, the investment is made over several years and the resulting inflows occur over
even more years. For now, it is sufficient to recognize that the rate of return solves the
two major problems associated with dollar returns—size and timing. Therefore, the
rate of return is the most common measure of investment performance.

Differentiate between dollar return and rate of return.
Self-Test

Questions Why is the rate of return superior to the dollar return in terms of accounting for
the size of investment and the timing of cash flows?

Stand-Alone Risk

Risk is defined in Webster’s as “a hazard; a peril; exposure to loss or injury.” Thus, risk
refers to the chance that some unfavorable event will occur. If you engage in sky-
diving, you are taking a chance with your life—skydiving is risky. If you bet on the
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horses, you are risking your money. If you invest in speculative stocks (or, really, any
stock), you are taking a risk in the hope of making an appreciable return.

An asset’s risk can be analyzed in two ways: (1) on a stand-alone basis, where the as-
set is considered in isolation, and (2) on a portfolio basis, where the asset is held as one
of a number of assets in a portfolio. Thus, an asset’s stand-alone risk is the risk an in-
vestor would face if he or she held only this one asset. Obviously, most assets are held
in portfolios, but it is necessary to understand stand-alone risk in order to understand
risk in a portfolio context.

To illustrate the risk of financial assets, suppose an investor buys $100,000 of
short-term Treasury bills with an expected return of 5 percent. In this case, the rate of
return on the investment, 5 percent, can be estimated quite precisely, and the invest-
ment is defined as being essentially risk free. However, if the $100,000 were invested in
the stock of a company just being organized to prospect for oil in the mid-Atlantic,
then the investment’s return could not be estimated precisely. One might analyze the
situation and conclude that the expected rate of return, in a statistical sense, is 20 per-
cent, but the investor should recognize that the actual rate of return could range from,
say, +1,000 percent to —100 percent. Because there is a significant danger of actually
earning much less than the expected return, the stock would be relatively risky.

No investment should be undertaken unless the expected rate of return is bigh enough to
compensate the investor for the perceived risk of the investment. In our example, it is clear
that few if any investors would be willing to buy the oil company’s stock if its expected
return were the same as that of the T-bill.

Risky assets rarely produce their expected rates of return—generally, risky assets
earn either more or less than was originally expected. Indeed, if assets always produced
their expected returns, they would not be risky. Investment risk, then, is related to the
probability of actually earning a low or negative return—the greater the chance of a
low or negative return, the riskier the investment. However, risk can be defined more
precisely, and we do so in the next section.

Probability Distributions

An event’s probability is defined as the chance that the event will occur. For example, a
weather forecaster might state, “There is a 40 percent chance of rain today and a 60
percent chance that it will not rain.” If all possible events, or outcomes, are listed, and
if a probability is assigned to each event, the listing is called a probability distribu-
tion. For our weather forecast, we could set up the following probability distribution:

Outcome Probability
(1) (2)
Rain 04 = 40%
No rain 0.6 = 60
1.0 = 100%

The possible outcomes are listed in Column 1, while the probabilities of these out-
comes, expressed both as decimals and as percentages, are given in Column 2. Notice
that the probabilities must sum to 1.0, or 100 percent.

Probabilities can also be assigned to the possible outcomes (or returns) from an in-
vestment. If you buy a bond, you expect to receive interest on the bond plus a return
of your original investiment, and those payments will provide you with a rate of return
on your investment. The possible outcomes from this investment are (1) that the is-
suer will make the required payments or (2) that the issuer will default on the pay-

ments. The higher the probability of default, the riskier the bond, and the higher the
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TABLE 3-1 Probability Distributions for Martin Products and U.S. Water

Rate of Return on Stock
if This Demand Occurs

Demand for the Probability of This
Company'’s Products Demand Occurring Martin Products U.S. Water
Strong 0.3 100% 20%
Normal 0.4 15 15
Weak 0.3 (70) 10
1.0

risk, the higher the required rate of return. If you invest in a stock instead of buying a
bond, you will again expect to earn a return on your money. A stock’s return will come
from dividends plus capital gains. Again, the riskier the stock—which means the
higher the probability that the firm will fail to perform as you expected—the higher
the expected return must be to induce you to invest in the stock.

With this in mind, consider the possible rates of return (dividend yield plus capital
gain or loss) that you might earn next year on a $10,000 investment in the stock of ei-
ther Martin Products Inc. or U.S. Water Company. Martin manufactures and distrib-
utes routers and equipment for the rapidly growing data transmission industry. Because
it faces intense competition, its new products may or may not be competitive in the
marketplace, so its future earnings cannot be predicted very well. Indeed, some new
company could develop better products and literally bankrupt Martin. U.S. Water, on
the other hand, supplies an essential service, and because it has city franchises that pro-
tect it from competition, its sales and profits are relatively stable and predictable.

The rate-of-return probability distributions for the two companies are shown in
"Table 3-1. There is a 30 percent chance of strong demand, in which case both compa-
nies will have high earnings, pay high dividends, and enjoy capital gains. There is a 40
percent probability of normal demand and moderate returns, and there is a 30 percent
probability of weak demand, which will mean low earnings and dividends as well as
capital losses. Notice, however, that Martin Products’ rate of return could vary far
more widely than that of U.S. Water. There is a fairly high probability that the value
of Martin’s stock will drop substantially, resulting in a 70 percent loss, while there is no
chance of a loss for U.S. Water.”

Expected Rate of Return

If we multiply each possible outcome by its probability of occurrence and then
sum these products, as in Table 3-2, we have a weighted average of outcomes. The
weights are the probabilities, and the weighted average is the expected rate of
return, T, called “r-hat.”® The expected rates of return for both Martin Products and
U.S. Water are shown in Table 3-2 to be 15 percent. This type of table is known as a

payoff matrix.

“Tt is, of course, completely unrealistic to think that any stock has no chance of a loss. Only in hypothetical
examples could this occur. To illustrate, the price of Columbia Gas’s stock dropped from $34.50 to $20.00
in just three hours a few years ago. All investors were reminded that any stock is exposed to some risk of loss,
and those investors who bought Columbia Gas learned that lesson the hard way.

*In Chapters 4 and 5, we will use ryq and r, to signify the returns on bonds and stocks, respectively. However,
this distinction is unnecessary in this chapter, so we just use the general term, r, to signify the expected re-
turn on an investment.
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TABLE 3-2©  Calculation of Expected Rates of Return: Payoff Matrix

Martin Products U.S. Water
Demand for Probability Rate of Return Rate of Return

the Company’s  of This Demand  if This Demand  Product:  if This Demand  Product:
Products Occurring Occurs (2) X (3) Occurs (2) X (5)

(1 (2) (3) = (4) (5) = (6)
Strong 0.3 100% 30% 20% 6%

Normal 0.4 15 6 15 6

Weak 0.3 (70) (21) 10 3
1.0 r=15% r=15%

The expected rate of return calculation can also be expressed as an equation that
does the same thing as the payoff matrix table:*

P1r1+P2r2+ v +Pnrn

E Piri~

i=1

Expected rate of return =t

G-1)

Here r; is the ith possible outcome, P; is the probability of the ith outcome, and n is
the number of possible outcomes. Thus, f is a weighted average of the possible out-
comes (the r; values), with each outcome’s weight being its probability of occurrence.
Using the data for Martin Products, we obtain its expected rate of return as follows:

r = Py(r)) + Py(ry) + P3(r3)

0.3(100%) + 0.4(15%) + 0.3(=70%)
15%.

U.S. Water’s expected rate of return is also 15 percent:

0.3(20%) + 0.4(15%) + 0.3(10%)
15%.

y

We can graph the rates of return to obtain a picture of the variability of possible out-
comes; this is shown in the Figure 3-1 bar charts. The height of each bar signifies the
probability that a given outcome will occur. The range of probable returns for Martin
Products is from —70 to +100 percent, with an expected return of 15 percent. The ex-
pected return for U.S. Water is also 15 percent, but its range is much narrower.

Thus far, we have assumed that only three situations can exist: strong, normal, and
weak demand. Actually, of course, demand could range from a deep depression to a
fantastic boom, and there are an unlimited number of possibilities in between. Sup-
pose we had the time and patience to assign a probability to each possible level of de-
mand (with the sum of the probabilities still equaling 1.0) and to assign a rate of return
to each stock for each level of demand. We would have a table similar to Table 3-1, ex-
cept that it would have many more entries in each column. This table could be used to

*The second form of the equation is simply a shorthand expression in which sigma () means “sum up,” or
add the values of n factors. If i = 1, then P;r; = Pyry; if i = 2, then P;r; = P,r»; and so on until i = n, the

last possible outcome. The symbol >, in Equation 3-1 simply says, “Go through the following process:
i=1

First, leti = 1 and find the first product; then leti = 2 and find the second product; then continue until each
individual product up to i = n has been found, and then add these individual products to find the expected
rate of return.”
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FIGURE 3-1 Probability Distributions of Martin Products’ and U.S. Water's Rates of Return

a. Martin Products b. U.S. Water
Probability of Probability of
Occurrence Occurrence
04 04}
0.3 0.3}
0.2 0.2}
0.1 0.1}
100 Rate of Return 010 15 20 Rate of Return
(%) I (%)
Expected Rate Expected Rate
of Return

calculate expected rates of return as shown previously, and the probabilities and out-
comes could be approximated by continuous curves such as those presented in Figure
3-2. Here we have changed the assumptions so that there is essentially a zero proba-
bility that Martin Products’ return will be less than —70 percent or more than 100
percent, or that U.S. Water’s return will be less than 10 percent or more than 20 per-
cent, but virtually any return within these limits is possible.

The tighter, or more peaked, the probability distribution, the more likely it is that the ac-
tual outcome will be close to the expected value, and, consequently, the less likely it is that the
actual return will end up far below the expected return. Thus, the tighter the probability dis-
tribution, the lower the risk assigned to a stock. Since U.S. Water has a relatively tight
probability distribution, its actual return is likely to be closer to its 15 percent expected
return than is that of Martin Products.

Measuring Stand-Alone Risk: The Standard Deviation

Risk is a difficult concept to grasp, and a great deal of controversy has surrounded at-
tempts to define and measure it. However, a common definition, and one that is satis-
factory for many purposes, is stated in terms of probability distributions such as those
presented in Figure 3-2: The tighter the probability distribution of expected future returns,
the smaller the risk of a given investment. According to this definition, U.S. Water is less
risky than Martin Products because there is a smaller chance that its actual return will
end up far below its expected return.

"To be most useful, any measure of risk should have a definite value—we need a
measure of the tightness of the probability distribution. One such measure is the stan-
dard deviation, the symbol for which is o, pronounced “sigma.” The smaller the
standard deviation, the tighter the probability distribution, and, accordingly, the lower
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FIGURE 3-2 Continuous Probability Distributions of Martin Products’
and U.S. Water's Rates of Return

Probability Density

U.S. Water

J L Martin Products

-70 0 15 100
T Rate of Return
(%)

Expected

Rate of Return

Note: The assumptions regarding the probabilities of various outcomes have been changed from those in Figure
3-1. There the probability of obtaining exactly 15 percent was 40 percent; here it is much smaller because there are
many possible outcomes instead of just three. With continuous distributions, it is more appropriate to ask what the
probability is of obtaining at least some specified rate of return than to ask what the probability is of obtaining ex-
actly that rate. This topic is covered in detail in statistics courses.

the riskiness of the stock. To calculate the standard deviation, we proceed as shown in
Table 3-3, taking the following steps:

1. Calculate the expected rate of return:
Expected rate of return = 1t = E P,
=
For Martin, we previously foundf = 15%.

2. Subtract the expected rate of return (r) from each possible outcome (r;) to obtain a
set of deviations about 1 as shown in Column 1 of Table 3-3:

Deviation; = r; — 1.

TABLE 3-3 Calculating Martin Products’ Standard Deviation

r—r (ri —F)? (r; — r)?P;
(1) (2) (3)
100 —15= 85 7,225 (7,225)(0.3) = 2,167.5
15-15= 0 0 (0)(0.4) = 0.0
—70 —15= -85 7,225 (7,225)(0.3) = 2,167.5

Variance = ¢ = 4,335.0
Standard deviation = ¢ = Vo2 = V4,335 = 65.84%.
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3. Square each deviation, then multiply the result by the probability of occurrence for
its related outcome, and then sum these products to obtain the variance of the prob-
ability distribution as shown in Columns 2 and 3 of the table:

Variance = o = 2 (t — 1 )°Py. (3-2)

i=1

4. Finally, find the square root of the variance to obtain the standard deviation:

Standard deviation = o = 21 (r; — £)°P;. (3-3)

Thus, the standard deviation is essentially a weighted average of the deviations from
the expected value, and it provides an idea of how far above or below the expected
value the actual value is likely to be. Martin’s standard deviation is seen in "Table 3-3 to
be o0 = 65.84%. Using these same procedures, we find U.S. Water’s standard deviation
to be 3.87 percent. Martin Products has the larger standard deviation, which indicates
a greater variation of returns and thus a greater chance that the expected return will
not be realized. Therefore, Martin Products is a riskier investment than U.S. Water
when held alone.

If a probability distribution is normal, the actual return will be within +1 standard
deviation of the expected return 68.26 percent of the time. Figure 3-3 illustrates
this point, and it also shows the situation for *20 and *=30. For Martin Products,
r=15% and o = 65.84%, whereast = 15% and o = 3.87% for U.S. Water. Thus, if

FIGURE 3-3 Probability Ranges for a Normal Distribution
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see the Chapter 3 Web
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Notes:

a.

b.

The area under the normal curve always equals 1.0, or 100 percent. Thus, the areas under any pair of normal
curves drawn on the same scale, whether they are peaked or flat, must be equal.

Half of the area under a normal curve is to the left of the mean, indicating that there is a 50 percent probability
that the actual outcome will be less than the mean, and half is to the right of , indicating a 50 percent probabil-
ity that it will be greater than the mean.

. Of the area under the curve, 68.26 percent is within =10 of the mean, indicating that the probability is 68.26

percent that the actual outcome will be within the ranger — 1o tor + 10.

. Procedures exist for finding the probability of other ranges. These procedures are covered in statistics courses.
. For a normal distribution, the larger the value of o, the greater the probability that the actual outcome will vary

widely from, and hence perhaps be far below, the expected, or most likely, outcome. Since the probability of

having the actual result turn out to be far below the expected result is one definition of risk, and since o mea-

sures this probability, we can use o as a measure of risk. This definition may not be a good one, however, if we
are dealing with an asset held in a diversified portfolio. This point is covered later in the chapter.
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the two distributions were normal, there would be a 68.26 percent probability that
Martin’s actual return would be in the range of 15 *+ 65.84 percent, or from —50.84 to
80.84 percent. For U.S. Water, the 68.26 percent range is 15 + 3.87 percent, or from
11.13 to 18.87 percent. With such a small o, there is only a small probability that U.S.
Water’s return would be significantly less than expected, so the stock is not very risky.
For the average firm listed on the New York Stock Exchange, o has generally been in
the range of 35 to 40 percent in recent years.

Using Historical Data to Measure Risk

In the previous example, we described the procedure for finding the mean and stan-
dard deviation when the data are in the form of a known probability distribution. If
only sample returns data over some past period are available, the standard deviation of
returns can be estimated using this formula:

Estimatedo = S = (3-32)

Here r, (“r bar t”) denotes the past realized rate of return in Period t, and 1y, is the
average annual return earned during the last n years. Here is an example:

Year T,

2000 15%

2001 -5

2002 20
_ (15 — 5 + 20) .
Fag =3 = 10.0%.

(15 — 10> + (=5 — 10)* + (20 — 10)?
3-1

Estimated o (or S) =

/350
=4—=132%.
5 3

The historical o is often used as an estimate of the future o. Much less often, and gen-
erally incorrectly, Ty, for some past period is used as an estimate of T, the expected
future return. Because past variability is likely to be repeated, S may be a good esti-
mate of future risk. But it is much less reasonable to expect that the past leve/ of return
(which could have been as high as +100% or as low as —50%) is the best expectation
of what investors think will happen in the future.’

Measuring Stand-Alone Risk: The Coefficient of Variation

If a choice has to be made between two investments that have the same expected re-
turns but different standard deviations, most people would choose the one with the
lower standard deviation and, therefore, the lower risk. Similarly, given a choice be-
tween two investments with the same risk (standard deviation) but different expected

*Equation 3-3a is built into all financial calculators, and it is very easy to use. We simply enter the rates of re-
turn and press the key marked S (or S,) to get the standard deviation. Note, though, that calculators have no
built-in formula for finding S where unequal probabilities are involved; there you must go through the process
outlined in Table 3-3 and Equation 3-3. The same situation holds for computer spreadsheet programs.
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returns, investors would generally prefer the investment with the higher expected re-
turn. To most people, this is common sense—return is “good,” risk is “bad,” and con-
sequently investors want as much return and as little risk as possible. But how do we
choose between two investments if one has the higher expected return but the other
the lower standard deviation? To help answer this question, we often use another mea-
sure of risk, the coefficient of variation (CV), which is the standard deviation divided
by the expected return:

Coefficient of variation = CV =

'-p‘q

. 3-4)

The coefficient of variation shows the risk per unit of return, and it provides a more meaning-

ful basis for comparison when the expected returns on two alternatives ave not the same. Since
U.S. Water and Martin Products have the same expected return, the coefficient of
variation is not necessary in this case. The firm with the larger standard deviation,
Martin, must have the larger coefficient of variation when the means are equal. In fact,
the coefficient of variation for Martin is 65.84/15 = 4.39 and that for U.S. Water is
3.87/15 = 0.26. Thus, Martin is almost 17 times riskier than U.S. Water on the basis
of this criterion.

For a case where the coefficient of variation is necessary, consider Projects X and Y
in Figure 3-4. These projects have different expected rates of return and different
standard deviations. Project X has a 60 percent expected rate of return and a 15 per-
cent standard deviation, while Project Y has an 8 percent expected return but only a 3
percent standard deviation. Is Project X riskier, on a relative basis, because it has the
larger standard deviation? If we calculate the coefficients of variation for these two
projects, we find that Project X has a coefficient of variation of 15/60 = 0.25, and
Project Y has a coefficient of variation of 3/8 = 0.375. Thus, we see that Project Y ac-
tually has more risk per unit of return than Project X, in spite of the fact that Xs stan-
dard deviation is larger. Therefore, even though Project Y has the lower standard
deviation, according to the coefficient of variation it is riskier than Project X.

Project Y has the smaller standard deviation, hence the more peaked probability
distribution, but it is clear from the graph that the chances of a really low return are
higher for Y than for X because X’s expected return is so high. Because the coefficient

FIGURE 3-:4 Comparison of Probability Distributions and
Rates of Return for Projects X and Y

Probability
Density
: Project Y
| /
|
|
|
|
: Project X
| /
|
I I
| I
! |
| I
| L
0 8 60 Expected Rate

of Return (%)

109



110

Risk and Return

of variation captures the effects of both risk and return, it is a better measure for eval-
uating risk in situations where investments have substantially different expected
returns.

Risk Aversion and Required Returns

Suppose you have worked hard and saved $1 million, which you now plan to invest.
You can buy a 5 percent U.S. Treasury security, and at the end of one year you will
have a sure $1.05 million, which is your original investment plus $50,000 in interest.
Alternatively, you can buy stock in R&D Enterprises. If R&D’s research programs are
successful, your stock will increase in value to $2.1 million. However, if the research is
a failure, the value of your stock will go to zero, and you will be penniless. You regard
R&D’s chances of success or failure as being 50-50, so the expected value of the stock
investment is 0.5($0) + 0.5($2,100,000) = $1,050,000. Subtracting the $1 million cost
of the stock leaves an expected profit of $50,000, or an expected (but risky) 5 percent
rate of return:

Expected ending value — Cost

Expected rate of return =
Cost

~$1,050,000 — $1,000,000
B $1,000,000
50,000
__$50000 _ 5%.
$1,000,000

Thus, you have a choice between a sure $50,000 profit (representing a 5 percent
rate of return) on the Treasury security and a risky expected $50,000 profit (also rep-
resenting a 5 percent expected rate of return) on the R&D Enterprises stock. Which
one would you choose? If you choose the less risky investment, you are risk averse. Most in-
vestors are indeed risk averse, and certainly the average investor is risk averse with regard to
his or ber “serious money.” Because this is a well-documented fact, we shall assume risk aver-
sion throughout the remainder of the book.

What are the implications of risk aversion for security prices and rates of return?
The answer is that, other things held constant, the higher a security’s risk, the lower its
price and the higher its required return. To see how risk aversion affects security prices,
look back at Figure 3-2 and consider again U.S. Water and Martin Products stocks.
Suppose each stock sold for $100 per share and each had an expected rate of return of 15
percent. Investors are averse to risk, so under these conditions there would be a general
preference for U.S. Water. People with money to invest would bid for U.S. Water
rather than Martin stock, and Martin’s stockholders would start selling their stock and
using the money to buy U.S. Water. Buying pressure would drive up U.S. Water’s stock,
and selling pressure would simultaneously cause Martin’s price to decline.

These price changes, in turn, would cause changes in the expected rates of return
on the two securities. Suppose, for example, that U.S. Water’s stock price was bid up
from $100 to $150, whereas Martin’s stock price declined from $100 to $75. This
would cause U.S. Water’s expected return to fall to 10 percent, while Martin’s ex-
pected return would rise to 20 percent. The difference in returns, 20% — 10% =
10%, is a risk premium, RP, which represents the additional compensation investors
require for assuming the additional risk of Martin stock.

This example demonstrates a very important principle: In a market dominated by
risk-averse investors, riskier securities must have higher expected returns, as estimated by the
marginal investor, than less risky securities. If this situation does not exist, buying and selling
in the market will force it to occur. We will consider the question of how much higher the
returns on risky securities must be later in the chapter, after we see how diversification




The table accompanying this box summarizes the historical
trade-off between risk and return for different classes of in-
vestments from 1926 through 2000. As the table shows, those
assets that produced the highest average returns also had the
highest standard deviations and the widest ranges of returns.
For example, small-company stocks had the highest average
annual return, 17.3 percent, but their standard deviation of
returns, 33.4 percent, was also the highest. By contrast, U.S.
Treasury bills had the lowest standard deviation, 3.2 percent,
but they also had the lowest average return, 3.9 percent.
When deciding among alternative investments, one
needs to be aware of the trade-off between risk and return.
While there is certainly no guarantee that history will repeat
itself, returns observed over a long period in the past are a
good starting point for estimating investments’ returns in
the future. Likewise, the standard deviations of past returns
provide useful insights into the risks of different invest-
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ments. For T-bills, however, the standard deviation needs to
be interpreted carefully. Note that the table shows that Trea-
sury bills have a positive standard deviation, which indicates
some risk. However, if you invested in a one-year Treasury
bill and held it for the full year, your realized return would
be the same regardless of what happened to the economy
that year, and thus the standard deviation of your return
would be zero. So, why does the table show a 3.2 percent
standard deviation for T-bills, which indicates some risk? In
fact, a T-bill is riskless if you hold it for one year, but if you in-
vest in a rolling portfolio of one-year T-bills and hold the
portfolio for a number of years, your investment income will
vary depending on what happens to the level of interest rates
in each year. So, while you can be sure of the return you will
earn on a T-bill in a given year, you cannot be sure of the re-
turn you will earn on a portfolio of T-bills over a period of
time.

Distribution of Realized Returns, 1926-2000

Small- Large- Long-Term Long-Term u.sS.
Company  Company Corporate Government  Treasury

Stocks Stocks Bonds Bonds Bills Inflation
Average
return 17.3% 13.0% 6.0% 5.7% 3.9% 3.2%
Standard
deviation 33.4 20.2 8.7 9.4 3.2 4.4
Excess return
over T-bonds® 11.6 7.3 0.3

“The excess return over T-bonds is called the “historical risk premium.” If and only if investors expect returns in the
future that are similar to returns earned in the past, the excess return will also be the current risk premium that is

reflected in security prices.

Source: Based on Stocks, Bonds, Bills, and Inflation: Valuation Edition 2001 Yearbook (Chicago: Ibbotson Associates, 2001).

affects the way risk should be measured. Then, in Chapters 4 and 5, we will see how
risk-adjusted rates of return affect the prices investors are willing to pay for different

securities.

Self-Test
Questions
What is a payoff matrix?

What does "investment risk” mean?

Set up an illustrative probability distribution for an investment.

Which of the two stocks graphed in Figure 3-2 is less risky? Why?

How does one calculate the standard deviation?

Which is a better measure of risk if assets have different expected returns: (1) the
standard deviation or (2) the coefficient of variation? Why?

Explain the following statement: “Most investors are risk averse.”

How does risk aversion affect rates of return?
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Risk in a Portfolio Context

In the preceding section, we considered the risk of assets held in isolation. Now we an-
alyze the risk of assets held in portfolios. As we shall see, an asset held as part of a port-
folio is less risky than the same asset held in isolation. Accordingly, most financial
assets are actually held as parts of portfolios. Banks, pension funds, insurance compa-
nies, mutual funds, and other financial institutions are required by law to hold diversi-
fied portfolios. Even individual investors—at least those whose security holdings con-
stitute a significant part of their total wealth—generally hold portfolios, not the stock
of only one firm. This being the case, from an investor’s standpoint the fact that a par-
ticular stock goes up or down is not very important; what is important is the return on bis
or her portfolio, and the portfolio’s risk. Logically, then, the risk and return of an individual se-
curity should be analyzed in terms of how that security affects the risk and return of the port-
folios in which it is beld.

"To illustrate, Pay Up Inc. is a collection agency company that operates nationwide
through 37 offices. The company is not well known, its stock is not very liquid, its earn-
ings have fluctuated quite a bit in the past, and it doesn’t pay a dividend. All this sug-
gests that Pay Up is risky and that the required rate of return on its stock, r, should be
relatively high. However, Pay Up’s required rate of return in 2002, and all other years,
was quite low in relation to those of most other companies. This indicates that in-
vestors regard Pay Up as being a low-risk company in spite of its uncertain profits. The
reason for this counterintuitive fact has to do with diversification and its effect on risk.
Pay Up’s earnings rise during recessions, whereas most other companies’ earnings tend
to decline when the economy slumps. It’s like fire insurance—it pays oft when other
things go badly. Therefore, adding Pay Up to a portfolio of “normal” stocks tends to
stabilize returns on the entire portfolio, thus making the portfolio less risky.

Portfolio Returns

The expected return on a portfolio, r,,, is simply the weighted average of the ex-
pected returns on the individual assets in the portfolio, with the weights being the
fraction of the total portfolio invested in each asset:

pr = Wlfl 4 Wz’l\'z + - - - + Wn}n (3'5)

n
= 2 Wifi'
i=1

Here the 1} are the expected returns on the individual stocks, the w’s are the weights,
and there are n stocks in the portfolio. Note (1) that w; is the fraction of the portfolio’s
dollar value invested in Stock i (that is, the value of the investment in Stock i divided
by the total value of the portfolio) and (2) that the w;’s must sum to 1.0.

Assume that in August 2002, a security analyst estimated that the following returns
could be expected on the stocks of four large companies:

Expected Return, r

Microsoft 12.0%
General Electric 11.5
Pfizer 10.0
Coca-Cola 9.5

If we formed a $100,000 portfolio, investing $25,000 in each stock, the expected
portfolio return would be 10.75 percent:
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f'p = Wlf'l + sz'z + W3f‘3 + W4f'4
= 0.2512%) + 0.25(11.5%) + 0.25(10%) + 0.25(9.5%)
=10.75%.

Of course, after the fact and a year later, the actual realized rates of return, r, on the
individual stocks—the 1;, or “r-bar,” values—will almost certainly be different from
their expected values, so 1, will be different from r,, = 10.75%. For example, Coca-
Cola might double and provide a return of +100%, whereas Microsoft might have a
terrible year, fall sharply, and have a return of —75%. Note, though, that those two
events would be somewhat offsetting, so the portfolio’s return might still be close to its
expected return, even though the individual stocks’ actual returns were far from their

expected returns.

Portfolio Risk

As we just saw, the expected return on a portfolio is simply the weighted average of the
expected returns on the individual assets in the portfolio. However, unlike returns, the
risk of a portfolio, oy, is generally not the weighted average of the standard deviations
of the individual assets in the portfolio; the portfolio’s risk will almost always be smaller
than the weighted average of the assets’ o’s. In fact, it is theoretically possible to com-
bine stocks that are individually quite risky as measured by their standard deviations to
form a portfolio that is completely riskless, with o, = 0.

To illustrate the effect of combining assets, consider the situation in Figure 3-5.
The bottom section gives data on rates of return for Stocks W and M individually, and
also for a portfolio invested 50 percent in each stock. The three top graphs show plots
of the data in a time series format, and the lower graphs show the probability distri-
butions of returns, assuming that the future is expected to be like the past. The two
stocks would be quite risky if they were held in isolation, but when they are combined
to form Portfolio WM, they are not risky at all. (Note: These stocks are called W and
M because the graphs of their returns in Figure 3-5 resemble a W and an M.)

The reason Stocks W and M can be combined to form a riskless portfolio is that
their returns move countercyclically to each other—when W’ returns fall, those
of M rise, and vice versa. The tendency of two variables to move together is called
correlation, and the correlation coefficient measures this tendency.® The symbol
for the correlation coefficient is the Greek letter rho, p (pronounced roe). In statistical
terms, we say that the returns on Stocks W and M are perfectly negatively correlated,
with p = —1.0.

The opposite of perfect negative correlation, with p = —1.0, is perfect positive corre-
lation, with p = +1.0. Returns on two perfectly positively correlated stocks (M and

“The correlation coefficient, p, can range from +1.0, denoting that the two variables move up and down in
perfect synchronization, to —1.0, denoting that the variables always move in exactly opposite directions. A
correlation coefficient of zero indicates that the two variables are not related to each other—that is, changes
in one variable are independent of changes in the other.

The correlation is called R when it is estimated using historical data. Here is the formula to estimate the
correlation between stocks i and j (T; is the actual return for stock i in period t and Ty, is the average re-
turn during the period; similar notation is used for stock j):

n
2:1 (fi,t - fAvgi)(fj,t - fAvgj)
R=——

n n ’
7i,t - 7Avg, ? Z(E,t - fAvg )2
E (r TAve.) :
t=1

t=1

Fortunately, it is easy to calculate correlation coefficients with a financial calculator. Simply enter the re-
turns on the two stocks and then press a key labeled “r.” In Excel, use the CORREL function.
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FIGURE 3-5 Rate of Return Distributions for Two Perfectly Negatively Correlated
Stocks (p = —1.0) and for Portfolio WM

a. Rates of Return
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1998 40.0% (10.0)% 15.0%
1999 (10.0) 40.0 15.0
2000 35.0 (5.0) 15.0
2001 (5.0) 35.0 15.0
2002 15.0 15.0 15.0
Average return 15.0% 15.0% 15.0%
Standard deviation 22.6% 22.6% 0.0%
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M) would move up and down together, and a portfolio consisting of two such stocks
would be exactly as risky as each individual stock. This point is illustrated in Figure
3-6, where we see that the portfolio’s standard deviation is equal to that of the individ-
ual stocks. Thus, diversification does nothing to reduce risk if the portfolio consists of perfectly
positively correlated stocks.

Figures 3-5 and 3-6 demonstrate that when stocks are perfectly negatively corre-
lated (p = —1.0), all risk can be diversified away, but when stocks are perfectly posi-
tively correlated (p = +1.0), diversification does no good whatsoever. In reality, most
stocks are positively correlated, but not perfectly so. On average, the correlation coef-
ficient for the returns on two randomly selected stocks would be about +0.6, and for
most pairs of stocks, p would lie in the range of +0.5 to +0.7. Under such conditions,
combining stocks into portfolios reduces risk but does not eliminate it completely. Figure 3-7 il-
lustrates this point with two stocks whose correlation coefficient is p = +0.67. The
portfolio’s average return is 15 percent, which is exactly the same as the average return
for each of the two stocks, but its standard deviation is 20.6 percent, which is less than
the standard deviation of either stock. Thus, the portfolio’s risk is 7ot an average of the
risks of its individual stocks—diversification has reduced, but not eliminated, risk.

From these two-stock portfolio examples, we have seen that in one extreme
case (p = —1.0), risk can be completely eliminated, while in the other extreme case
(p = +1.0), diversification does nothing to limit risk. The real world lies between
these extremes, so in general combining two stocks into a portfolio reduces, but does
not eliminate, the risk inherent in the individual stocks.

What would happen if we included more than two stocks in the portfolio? As #
rule, the risk of a portfolio will decline as the number of stocks in the portfolio increases. If we
added enough partially correlated stocks, could we completely eliminate risk? In gen-
eral, the answer is no, but the extent to which adding stocks to a portfolio reduces its
risk depends on the degree of correlation among the stocks: The smaller the positive cor-
relation coefficients, the lower the risk in a large portfolio. If we could find a set of
stocks whose correlations were —1.0, all risk could be eliminated. In the real world,
where the correlations among the individual stocks are generally positive but less than +1.0,
some, but not all, risk can be eliminated.

To test your understanding, would you expect to find higher correlations between
the returns on two companies in the same or in different industries? For example,
would the correlation of returns on Ford’s and General Motors’ stocks be higher, or
would the correlation coefficient be higher between either Ford or GM and AT&T,
and how would those correlations affect the risk of portfolios containing them?

Answer: Ford’s and GM’s returns have a correlation coefficient of about 0.9 with
one another because both are affected by auto sales, but their correlation is only about
0.6 with AT&T.

Implications: A two-stock portfolio consisting of Ford and GM would be less well
diversified than a two-stock portfolio consisting of Ford or GM, plus AT & T. Thus, to
minimize risk, portfolios should be diversified across industries.

Before leaving this section we should issue a warning—in the real world, it is im-
possible to find stocks like W and M, whose returns are expected to be perfectly nega-
tively correlated. Therefore, it is impossible to form completely riskless stock portfolios. Di-
versification can reduce risk, but it cannot eliminate it. The real world is closer to the
situation depicted in Figure 3-7.

Diversifiable Risk versus Market Risk

As noted above, it is difficult if not impossible to find stocks whose expected returns
are negatively correlated—most stocks tend to do well when the national economy is
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FIGURE 3-6

Stocks (p = +1.0) and for Portfolio MM’

a. Rates of Return
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FIGURE 3-7 Rate of Return Distributions for Two Partially Correlated
Stocks (p = +0.67) and for Portfolio WY

a. Rates of Return
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Average return 15.0% 15.0% 15.0%

Standard deviation
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strong and badly when it is weak.” Thus, even very large portfolios end up with a
substantial amount of risk, but not as much risk as if all the money were invested in
only one stock.

To see more precisely how portfolio size affects portfolio risk, consider Figure 3-8,
which shows how portfolio risk is affected by forming larger and larger portfolios of ran-
domly selected New York Stock Exchange (NYSE) stocks. Standard deviations are plot-
ted for an average one-stock portfolio, a two-stock portfolio, and so on, up to a port-
folio consisting of all 2,000-plus common stocks that were listed on the NYSE at the
time the data were graphed. The graph illustrates that, in general, the riskiness of a port-
folio consisting of large-company stocks tends to decline and to approach some limit as
the size of the portfolio increases. According to data accumulated in recent years, oy, the
standard deviation of a one-stock portfolio (or an average stock), is approximately 35
percent. A portfolio consisting of all stocks, which is called the market portfolio, would
have a standard deviation, oy, of about 20.1 percent, which is shown as the horizontal
dashed line in Figure 3-8.

"It is not too hard to find a few stocks that happened to have risen because of a particular set of circum-
stances in the past while most other stocks were declining, but it is much harder to find stocks that could
logically be expected to go up in the future when other stocks are falling.

However, note that derivative securities (options) can be created with correlations that are close to
—1.0 with stocks. Such derivatives can be bought and used as “portfolio insurance.”

FIGURE 3-8 Effects of Portfolio Size on Portfolio Risk for Average Stocks
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Thus, almost balf of the riskiness inberent in an average individual stock can be eliminated
if the stock is held in a veasonably well-diversified portfolio, which is one containing 40 or more
stocks in a number of different industries. Some risk always remains, however, so it is vir-
tually impossible to diversify away the effects of broad stock market movements that
affect almost all stocks.

The part of a stock’s risk that can be eliminated is called diversifiable risk, while the
part that cannot be eliminated is called market risk.” The fact that a large part of the
risk of any individual stock can be eliminated is vitally important, because rational in-
vestors wil eliminate it and thus render it irrelevant.

Diversifiable risk is caused by such random events as lawsuits, strikes, successful
and unsuccessful marketing programs, winning or losing a major contract, and other
events that are unique to a particular firm. Because these events are random, their ef-
fects on a portfolio can be eliminated by diversificaion—bad events in one firm will be
offset by good events in another. Market risk, on the other hand, stems from factors
that systematically affect most firms: war, inflation, recessions, and high interest rates.
Since most stocks are negatively affected by these factors, market risk cannot be elim-
inated by diversification.

We know that investors demand a premium for bearing risk; that is, the higher the
risk of a security, the higher its expected return must be to induce investors to buy (or
to hold) it. However, if investors are primarily concerned with the risk of their portfo-
Jios rather than the risk of the individual securities in the portfolio, how should the risk
of an individual stock be measured? One answer is provided by the Capital Asset
Pricing Model (CAPM), an important tool used to analyze the relationship between
risk and rates of return.” The primary conclusion of the CAPM is this: The relevant
risk of an individual stock is its contribution to the risk of a well-diversified portfolio. In other
words, the risk of General Electric’s stock to a doctor who has a portfolio of 40 stocks
or to a trust officer managing a 150-stock portfolio is the contribution the GE stock
makes to the portfolio’s riskiness. The stock might be quite risky if held by itself, but
if half of its risk can be eliminated by diversification, then its relevant risk, which is its
contribution to the portfolio’s risk, is much smaller than its stand-alone risk.

A simple example will help make this point clear. Suppose you are offered the
chance to flip a coin once. If a head comes up, you win $20,000, but if a tail comes up,
you lose $16,000. This is a good bet—the expected return is 0.5($20,000) +
0.5(—$16,000) = $2,000. However, it is a highly risky proposition, because you have a
50 percent chance of losing $16,000. Thus, you might well refuse to make the bet. Al-
ternatively, suppose you were offered the chance to flip a coin 100 times, and you
would win $200 for each head but lose $160 for each tail. It is theoretically possible
that you would flip all heads and win $20,000, and it is also theoretically possible that
you would flip all tails and lose $16,000, but the chances are very high that you would
actually flip about 50 heads and about 50 tails, winning a net of about $2,000. Al-
though each individual flip is a risky bet, collectively you have a low-risk proposition
because most of the risk has been diversified away. This is the idea behind holding
portfolios of stocks rather than just one stock, except that with stocks all of the risk

SDiversifiable risk is also known as company-specific, or unsystematic, risk. Market risk is also known as non-
diversifiable, or systematic, or beta, risk; it is the risk that remains after diversification.
°Indeed, the 1990 Nobel Prize was awarded to the developers of the CAPM, Professors Harry Markowitz
and William F. Sharpe. The CAPM is a relatively complex subject, and only its basic elements are presented
in this chapter.

The basic concepts of the CAPM were developed specifically for common stocks, and, therefore, the
theory is examined first in this context. However, it has become common practice to extend CAPM con-
cepts to capital budgeting and to speak of firms having “portfolios of tangible assets and projects.”
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The size of the global stock market has grown steadily over
the last several decades, and it passed the $15 trillion mark
during 1995. U.S. stocks account for approximately 41 per-
cent of this total, whereas the Japanese and European mar-
kets constitute roughly 25 and 26 percent, respectively. The
rest of the world makes up the remaining 8 percent. Al-
though the U.S. equity market has long been the world’s
biggest, its share of the world total has decreased over time.

The expanding universe of securities available interna-
tionally suggests the possibility of achieving a better risk-
return trade-off than could be obtained by investing solely in
U.S. securities. So, investing overseas might lower risk and
simultaneously increase expected returns. The potential
benefits of diversification are due to the facts that the corre-
lation between the returns on U.S. and international securi-
ties is fairly low, and returns in developing nations are often
quite high.

Figure 3-8, presented earlier, demonstrated that an in-
vestor can significantly reduce the risk of his or her portfolio
by holding a large number of stocks. The figure accompany-
ing this box suggests that investors may be able to reduce
risk even further by holding a large portfolio of stocks from
all around the world, given the fact that the returns of do-
mestic and international stocks are not perfectly correlated.

Despite the apparent benefits from investing overseas,
the typical U.S. investor still dedicates less than 10 percent
of his or her portfolio to foreign stocks—even though for-

Portfolio Risk, Op
(%)

eign stocks represent roughly 60 percent of the worldwide
equity market. Researchers and practitioners alike have
struggled to understand this reluctance to invest overseas.
One explanation is that investors prefer domestic stocks be-
cause they have lower transaction costs. However, this expla-
nation is not completely convincing, given that recent stud-
ies have found that investors buy and sell their overseas
stocks more frequently than they trade their domestic
stocks. Other explanations for the domestic bias focus on the
additional risks from investing overseas (for example, ex-
change rate risk) or suggest that the typical U.S. investor is
uninformed about international investments and/or views
international investments as being extremely risky or uncer-
tain. More recently, other analysts have argued that as world
capital markets have become more integrated, the correla-
tion of returns between different countries has increased,
and hence the benefits from international diversification
have declined. A third explanation is that U.S. corporations
are themselves investing more internationally, hence U.S.
investors are de facto obtaining international diversification.
Whatever the reason for the general reluctance to hold
international assets, it is a safe bet that in the years ahead
U.S. investors will shift more and more of their assets to
overseas investments.
Source: Kenneth Kasa, “Measuring the Gains from International Portfolio

Diversification,” Federal Reserve Bank of San Francisco Weekly Letter, Number
94-14, April 8, 1994.
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cannot be eliminated by diversification—those risks related to broad, systematic
changes in the stock market will remain.

Are all stocks equally risky in the sense that adding them to a well-diversified port-
folio would have the same effect on the portfolio’s riskiness? The answer is no. Differ-
ent stocks will affect the portfolio differently, so different securities have different
degrees of relevant risk. How can the relevant risk of an individual stock be measured?
As we have seen, all risk except that related to broad market movements can, and pre-
sumably will, be diversified away. After all, why accept risk that can be easily elimi-
nated? The risk that remains after diversifying is market visk, or the risk that is inberent in
the market, and it can be measured by the degree to which a given stock tends to move up or
down with the market. In the next section, we develop a measure of a stock’s market risk,
and then, in a later section, we introduce an equation for determining the required
rate of return on a stock, given its market risk.

The Concept of Beta

As we noted above, the primary conclusion of the CAPM is that the relevant risk of an
individual stock is the amount of risk the stock contributes to a well-diversified port-
folio. The benchmark for a well-diversified stock portfolio is the market portfolio,
which is a portfolio containing all stocks. Therefore, the relevant risk of an individual
stock, which is called its beta coefficient, is defined under the CAPM as the amount
of risk that the stock contributes to the market portfolio. In CAPM terminology, pia
is the correlation between the ith stock’s expected return and the expected return on
the market, o; is the standard deviation of the ith stock’s expected return, and oy is the
standard deviation of the market’s expected return. In the literature on the CAPM, it is
proved that the beta coefficient of the /th stock, denoted by b;, can be found as follows:
o

b; = <(TM> Pim - (3-6)

"This tells us that a stock with a high standard deviation, o;, will tend to have a high
beta. This makes sense, because if all other things are equal, a stock with high stand-
alone risk will contribute a lot of risk to the portfolio. Note too that a stock with a high
correlation with the market, p;p, will also have a large beta, hence be risky. This also
makes sense, because a high correlation means that diversification is not helping
much, hence the stock contributes a lot of risk to the portfolio.

Calculators and spreadsheets use Equation 3-6 to calculate beta, but there is an-
other way. Suppose you plotted the stock’s returns on the y-axis of a graph and the
market portfolio’s returns on the x-axis, as shown in Figure 3-9. The tendency of a
stock to move up and down with the market is reflected in its beta coefficient. An
average-visk stock is defined as one that tends to move up and down in step with the gen-
eral market as measured by some index such as the Dow Jones Industrials, the S&P
500, or the New York Stock Exchange Index. Such a stock will, by definition, be as-
signed a beta, b, of 1.0, which indicates that, in general, if the market moves up by 10
percent, the stock will also move up by 10 percent, while if the market falls by 10 per-
cent, the stock will likewise fall by 10 percent. A portfolio of such b = 1.0 stocks will
move up and down with the broad market indexes, and it will be just as risky as the in-
dexes. If b = 0.5, the stock is only half as volatile as the market—it will rise and fall
only half as much—and a portfolio of such stocks will be half as risky as a portfolio of
b = 1.0 stocks. On the other hand, if b = 2.0, the stock is twice as volatile as an aver-
age stock, so a portfolio of such stocks will be twice as risky as an average portfolio.
"The value of such a portfolio could double—or halve—in a short time, and if you held
such a portfolio, you could quickly go from millionaire to pauper.
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FIGURE 3-9 Relative Volatility of Stocks H, A, and L
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Year FH FA FL FM
2000 10% 10% 10% 10%
2001 30 20 15 20
2002 (30) (10) 0 (10)

Note: These three stocks plot exactly on their regression lines. This indicates that they are exposed only to market
risk. Mutual funds that concentrate on stocks with betas of 2, 1, and 0.5 would have patterns similar to those shown
in the graph.

Figure 3-9 graphs the relative volatility of three stocks. The data below the graph
assume that in 2000 the “market,” defined as a portfolio consisting of all stocks, had a
total return (dividend yield plus capital gains yield) of ra; = 10%, and Stocks H, A, and
L (for High, Average, and Low risk) also all had returns of 10 percent. In 2001, the
market went up sharply, and the return on the market portfolio was ry; = 20%. Returns
on the three stocks also went up: H soared to 30 percent; A went up to 20 percent, the
same as the market; and L only went up to 15 percent. Now suppose the market
dropped in 2002, and the market return was ry; = —10%. The three stocks’ returns also
fell, H plunging to —30 percent, A falling to —10 percent, and L. going down to 1, =
0%. Thus, the three stocks all moved in the same direction as the market, but H was by
far the most volatile; A was just as volatile as the market; and L was less volatile.

Beta measures a stock’s volatility relative to an average stock, which by definition has
b = 1.0. As we noted above, a stock’s beta can be calculated by plotting a line like those
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in Figure 3-9. The slopes of the lines show how each stock moves in response to a move-
ment in the general market—indeed, the slope coefficient of such a “regression line” is defined
as a beta coefficient. (Procedures for actually calculating betas are described later in this
chapter.) Most stocks have betas in the range of 0.50 to 1.50, and the average for all
stocks is 1.0 by definition.

Theoretically, it is possible for a stock to have a negative beta. In this case, the
stock’s returns would tend to rise whenever the returns on other stocks fall. In prac-
tice, very few stocks have a negative beta. Keep in mind that a stock in a given period
may move counter to the overall market, even though the stock’s beta is positive. If a
stock has a positive beta, we would expect its return to increase whenever the overall
stock market rises. However, company-specific factors may cause the stock’s realized
return to decline, even though the market’s return is positive.

If a stock whose beta is greater than 1.0 is added to a b = 1.0 portfolio, then the
portfolio’s beta, and consequently its risk, will increase. Conversely, if a stock whose
beta is less than 1.0 is added to a b = 1.0 portfolio, the portfolio’s beta and risk will de-
cline. Thus, since a stock’s beta measures its contribution to the risk of a portfolio, beta is the
theoretically correct measure of the stock’s risk.

The preceding analysis of risk in a portfolio context is part of the Capital Asset
Pricing Model (CAPM), and we can summarize our discussion to this point as follows:

1. A stock’s risk consists of two components, market risk and diversifiable risk.

2. Diversifiable risk can be eliminated by diversification, and most investors do indeed
diversify, either by holding large portfolios or by purchasing shares in a mutual
fund. We are left, then, with market risk, which is caused by general movements in
the stock market and which reflects the fact that most stocks are systematically af-
fected by events like war, recessions, and inflation. Market risk is the only relevant
risk to a rational, diversified investor because such an investor would eliminate di-
versifiable risk.

3. Investors must be compensated for bearing risk—the greater the risk of a stock, the
higher its required return. However, compensation is required only for risk that
cannot be eliminated by diversification. If risk premiums existed on stocks due to
diversifiable risk, well-diversified investors would start buying those securities
(which would not be especially risky to such investors) and bidding up their prices,
and the stocks’ final (equilibrium) expected returns would reflect only nondiversifi-
able market risk.

If this point is not clear, an example may help clarify it. Suppose half of Stock A
risk is market risk (it occurs because Stock A moves up and down with the market),
while the other half of A’ risk is diversifiable. You hold only Stock A, so you are ex-
posed to all of its risk. As compensation for bearing so much risk, you want a risk
premium of 10 percent over the 7 percent T-bond rate. Thus, your required return
isty = 7% + 10% = 17%. But suppose other investors, including your professor,
are well diversified; they also hold Stock A, but they have eliminated its diversifi-
able risk and thus are exposed to only half as much risk as you. Therefore, their risk
premium will be only half as large as yours, and their required rate of return will be
tA=7% + 5% = 12%.

If the stock were yielding more than 12 percent in the market, diversified in-
vestors, including your professor, would buy it. If it were yielding 17 percent, you
would be willing to buy it, but well-diversified investors would bid its price up and
drive its yield down, hence you could not buy it at a price low enough to provide
you with a 17 percent return. In the end, you would have to accept a 12 percent re-
turn or else keep your money in the bank. Thus, risk premiums in a market popu-
lated by rational, diversified investors reflect only market risk.
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Self-Test
Questions

4. The market risk of a stock is measured by its beta coefficient, which is an index of

6.

the stock’s relative volatility. Some benchmark betas follow:

0.5: Stock is only half as volatile, or risky, as an average stock.
1.0: Stock is of average risk.
2.0: Stock is twice as risky as an average stock.

b
b
b

. A portfolio consisting of low-beta securities will itself have a low beta, because the

beta of a portfolio is a weighted average of its individual securities’ betas:

bP:W1b1 +W2b2 GF o oo +Wnbn
n

= E Wibi' (3 —7)

i=1

Here b,, is the beta of the portfolio, and it shows how volatile the portfolio is in re-
lation to the market; w; is the fraction of the portfolio invested in the ith stock; and
b; is the beta coefficient of the ith stock. For example, if an investor holds a
$100,000 portfolio consisting of $33,333.33 invested in each of three stocks, and if
each of the stocks has a beta of 0.7, then the portfolio’s beta will be b, = 0.7:

b, = 0.3333(0.7) + 0.3333(0.7) + 0.3333(0.7) = 0.7.

Such a portfolio will be less risky than the market, so it should experience relatively
narrow price swings and have relatively small rate-of-return fluctuations. In terms
of Figure 3-9, the slope of its regression line would be 0.7, which is less than that
for a portfolio of average stocks.

Now suppose one of the existing stocks is sold and replaced by a stock with b; =
2.0. This action will increase the beta of the portfolio from b,; = 0.7 to b, =
1.13:

by, = 0.3333(0.7) + 0.3333(0.7) + 0.3333(2.0)

= 1.13.

p2

Had a stock with b; = 0.2 been added, the portfolio beta would have declined from
0.7 to 0.53. Adding a low-beta stock, therefore, would reduce the risk of the port-
folio. Consequently, adding new stocks to a portfolio can change the riskiness of
that portfolio.

Since a stock’s beta coefficient determines how the stock affects the risk of a diversified port-
folio, beta is the most relevant measure of any stock’s risk.

Explain the following statement: “An asset held as part of a portfolio is generally
less risky than the same asset held in isolation.”

What is meant by perfect positive correlation, perfect negative correlation, and
zero correlation?

In general, can the risk of a portfolio be reduced to zero by increasing the num-
ber of stocks in the portfolio? Explain.

What is an average-risk stock? What will be its beta?
Why is beta the theoretically correct measure of a stock’s risk?

If you plotted the returns on a particular stock versus those on the Dow Jones In-
dex over the past five years, what would the slope of the regression line you ob-
tained indicate about the stock’s market risk?
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Calculating Beta Coefficients

-.‘J'@H.

To see updated estimates,
go to http://www.
bloomberg.com, and enter
the ticker symbol for a Stock
Quote. Beta is shown in the
section on Fundamentals.
Or go to http://finance.
yahoo.com and enter the
ticker symbol. When the
page with results comes up,
select Profile in the section
called More Info. When this
page comes up, scroll down
until you see beta in the
section called Price and
Volume.

The CAPM is an ex ante model, which means that all of the variables represent before-
the-fact, expected values. In particular, the beta coefficient used by investors should re-
flect the expected volatility of a given stock’s return versus the return on the market
during some future period. However, people generally calculate betas using data from
some past period, and then assume that the stock’s relative volatility will be the same in
the future as it was in the past.

"Table 3-4 shows the betas for some well-known companies, as calculated by two
different financial organizations, Bloomberg and Yahoo!Finance. Notice that their es-
timates of beta usually differ, because they calculate beta in slightly different ways.'?
Given these differences, many analysts choose to calculate their own betas.

"To illustrate how betas are calculated, consider Figure 3-10. The data at the bot-
tom of the figure show the historical realized returns for Stock J and for the market
over the last five years. The data points have been plotted on the scatter diagram, and
a regression line has been drawn. If all the data points had fallen on a straight line, as
they did in Figure 3-9, it would be easy to draw an accurate line. If they do not, as in
Figure 3-10, then you must fit the line either “by eye” as an approximation, with a cal-
culator, or with a computer.

Recall what the term regression line, or regression equation, means: The equation Y =
a + bX + e is the standard form of a simple linear regression. It states that the depen-
dent variable, Y, is equal to a constant, a, plus b times X, where b is the slope coeffi-
cient and X is the independent variable, plus an error term, e. Thus, the rate of return
on the stock during a given time period (Y) depends on what happens to the general
stock market, which is measured by X = ry;.

Once the data have been plotted and the regression line has been drawn on graph
paper, we can estimate its intercept and slope, the a and b values in Y = a + bX. The
intercept, a, is simply the point where the line cuts the vertical axis. The slope coeffi-
cient, b, can be estimated by the “rise-over-run” method. This involves calculating the

1%Many other organizations provide estimates of beta, including Merrill Lynch and Value Line.

TABLE 3-4 = Beta Coefficients for Some Actual Companies
Beta: Beta:
Stock (Ticker Symbol) Bloomberg Yahoo!Finance
Amazon.com (AMZN) 1.76 3.39
Cisco Systems (CSCO) 1.70 1.89
Dell computers (DELL) 1.39 2.24
Merrill Lynch (MER) 1.38 1.57
General Electric (GE) 1.18 1.18
Microsoft Corp. (MSFT) 1.09 1.82
Energen Corp. (EGN) 0.72 0.26
Empire District Electric (EDE) 0.57 -0.12
Coca-Cola (KO) 0.54 0.66
Procter & Gamble (PG) 0.54 0.29
Heinz (HNZ) 0.26 0.45

Sources: http://www.bloomberg.com and http://finance.yahoo.com.
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FIGURE 3-10 Calculating Beta Coefficients
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amount by which 1y increases for a given increase in ry;. For example, we observe in
Figure 3-10 that rj increases from —8.9 to +7.1 percent (the rise) when 1y increases from
0 to 10.0 percent (the run). Thus, b, the beta coefficient, can be measured as follows:

_Rise AY 7.1-(-89) 160

b=Beta= o n T AX  100-00 100

1.6.

Note that rise over run is a ratio, and it would be the same if measured using any two
arbitrarily selected points on the line.

The regression line equation enables us to predict a rate of return for
Stock J, given a value of ry;. For example, if ryy = 15%, we would predict 1y =
—8.9% + 1.6(15%) = 15.1%. However, the actual return would probably differ from
the predicted return. This deviation is the error term, ey, for the year, and it varies
randomly from year to year depending on company-specific factors. Note, though,
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that the higher the correlation coefficient, the closer the points lie to the regression
line, and the smaller the errors.

In actual practice, one would use the least squares method for finding the regression
coefficients a and b. This procedure minimizes the squared values of the error terms,
and it is discussed in statistics courses. However, the least squares value of beta can be
obtained quite easily with a financial calculator.'!

Although it is possible to calculate beta coefficients with a calculator, they are usu-
ally calculated with a computer, either with a statistical software program or a spread-
sheet program. The file Ch 03 Tool Kit.xls on your textbook’s web site shows an ap-
plication in which the beta coefficient for Wal-Mart Stores is calculated using Excel’s
regression function.

The first step in a regression analysis is compiling the data. Most analysts use four
to five years of monthly data, although some use 52 weeks of weekly data. We decided
to use four years of monthly data, so we began by downloading 49 months of stock
prices for Wal-Mart from the Yahoo!Finance web site. We used the S&P 500 Index as
the market portfolio because most analysts use this index. Table 3-5 shows a portion
of this data; the full data set is in the file Ch 03 Tool Kit.xls on your textbook’s
web site.

The second step is to convert the stock prices into rates of return. For example, to
find the August 2001 return, we find the percentage change from the previous
month: —14.0% = -0.140 = ($47.976 — $55.814)/$55.814."* We also find the percent
change of the S&P 500 Index level, and use this as the market return. For example, in
August 2001 this is -3.5% = -0.035 = (1,294.0 — 1,341.0)/1,341.0.

As Table 3-5 shows, Wal-Mart stock had an average annual return of 31.4 percent
during this four-year period, while the market had an average annual return of 6.9 per-
cent. As we noted before, it is usually unreasonable to think that the future expected re-
turn for a stock will equal its average historical return over a relatively short period,
such as four years. However, we might well expect past volatility to be a reasonable esti-
mate of future volatility, at least during the next couple of years. Note that the standard
deviation for Wal-Mart’s return during this period was 34.5 percent versus 18.7 percent
for the market. Thus, the market’s volatility is about half that of Wal-Mart. This is what
we would expect, since the market is a well-diversified portfolio, in which much risk has
been diversified away. The correlation between Wal-Mart’s stock returns and the mar-
ket returns is about 27.4 percent, which is a little lower than the correlation for an aver-
age stock.

Figure 3-11 shows a plot of Wal-Mart’s stock returns against the market returns.
As you will notice if you look in the file Ch 03 Tool Kit.xls, we used the Exce/ Chart
feature to add a trend line and to display the equation and R” value on the chart itself.
Alternatively, we could have used the Excel regression analysis feature, which would
have provided more detailed data.

Figure 3-11 shows that Wal-Mart’s beta is about 0.51, as shown by the slope coef-
ficient in the regression equation displayed on the chart. This means that Wal-Mart’s

""For an explanation of calculating beta with a financial calculator, see the Chapter 3 Web Extension on the
textbook’s web site, http://ehrhardt.swcollege.com.

2For example, suppose the stock price is $100 in July, the company has a 2-for-1 split, and the actual price
is then $60 in August. The reported adjusted price for August would be $60, but the reported price for July
would be lowered to $50 to reflect the stock split. This gives an accurate stock return of 20 percent: ($60 —
$50)/$50 = 20%, the same as if there had not been a split, in which case the return would have been
($120 — $100)/$100 = 20%.

Or suppose the actual price in September were $50, the company paid a $10 dividend, and the actual price
in October was $60. Shareholders have earned a return of ($60 + $10 — $50)/$50 = 40%. Yahoo reports an
adjusted price of $60 for October, and an adjusted price of $42.857 for September, which gives a return of ($60
—$42.857)/$42.857 = 40%. Again, the percent change in the adjusted price accurately reflects the actual return.
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Check out http://finance.
yahoo.com for Wal-Mart

using its ticker symbol of

WMT. You can also down-
load data for the S&P 500
index using its symbol of

ASPI.

Self-Test
Questions

TABLE 3-5 Stock Return Data for Wal-Mart Stores

Market Level Wal-Mart Adjusted
(S&P 500 Market Stock Wal-Mart

Date Index) Return Price® Return
August 2001 1,294.0 -3.5% 47.976 -14.0%
July 2001 1,341.0 -3.3 55.814 14.5
June 2001 1,386.8 -2.6 48.725 -5.6
May 2001 1,424.2 -13.9 51.596 0.0
October 1997 994.0 —6.0 17.153 4.4
September 1997 1,057.3 0.8 17.950 3.4
August 1997 1,049.4 NA 17.368 NA
Average (annual) 6.9% 31.4%
Standard deviation (annual) 18.7% 34.5%
Correlation between

Wal-Mart and the

market _27.4%

*Yahoo actually adjusts the stock prices to reflect any stock splits or dividend payments.

beta is about half the 1.0 average beta. Thus, Wal-Mart moves up and down by
roughly half the percent as the market. Note, however, that the points are not clus-
tered very tightly around the regression line. Sometimes Wal-Mart does much better
than the market, while at other times it does much worse. The R? value shown in the
chart measures the degree of dispersion about the regression line. Statistically speak-
ing, it measures the percentage of the variance that is explained by the regression equa-
tion. An R? of 1.0 indicates that all points lie exactly on the line, hence that all of the
variance of the y-variable is explained by the x-variable. Wal-Mart’s R* is about 0.08,
which is a little lower than most individual stocks. This indicates that about 8 percent
of the variance in Wal-Mart’s returns is explained by the market returns. If we had
done a similar analysis for portfolios of 50 randomly selected stocks, then the points
would on average have been clustered tightly around the regression line, and the R
would have averaged over 0.9.

Finally, note that the intercept shown in the regression equation on the chart is
about 2 percent. Since the regression equation is based on monthly data, this means
that over this period Wal-Mart’s stock earned 2 percent more per month than an aver-
age stock as a result of factors other than a general increase in stock prices.

What types of data are needed to calculate a beta coefficient for an actual
company?

What does the R? measure? What is the R? for a typical company?

The Relationship between Risk and Rates of Return

In the preceding section, we saw that under the CAPM theory, beta is the appropriate
measure of a stock’s relevant risk. Now we must specify the relationship between risk
and return: For a given level of risk as measured by beta, what rate of return should
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FIGURE 3-11 Calculating a Beta Coefficient for Wal-Mart Stores
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investors require to compensate them for bearing that risk? "To begin, let us define the
following terms:

t; = expected rate of return on the ith stock.

r; = required rate of return on the /th stock. Note that
if 1; is less than r;, you would not purchase this
stock, or you would sell it if you owned it. If r;
were greater than r;, you would want to buy the
stock, because it looks like a bargain. You would
be indifferent if r; = r;.

r = realized, after-the-fact return. One obviously
does not know what r will be at the time he or
she is considering the purchase of a stock.

rrr = risk-free rate of return. In this context, rgp is
generally measured by the return on long-term
U.S. Treasury bonds.
b; = beta coefficient of the 7th stock. The beta of an
average stock is by = 1.0.

-
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ry = required rate of return on a portfolio consisting
of all stocks, which is called the market portfolio.
rar is also the required rate of return on an aver-
age (by = 1.0) stock.

RPy = (rp — rrp) = risk premium on “the market,” and also on an
average (b = 1.0) stock. This is the additional
return over the risk-free rate required to com-
pensate an average investor for assuming an aver-
age amount of risk. Average risk means a stock
whose b; = by = 1.0.

RP; = (rp — rrp)b; = (RPap)b; = risk premium on the ith stock. The stock’s risk
premium will be less than, equal to, or greater
than the premium on an average stock, RPyy, de-
pending on whether its beta is less than, equal to,
or greater than 1.0. If b; = by = 1.0, then
RPi = RP M-

The market risk premium, RPy;, shows the premium investors require for bear-
ing the risk of an average stock, and it depends on the degree of risk aversion that
investors on average have.'’ Let us assume that at the current time, Treasury bonds
yield rgr = 6% and an average share of stock has a required return of ryy = 11%.
Therefore, the market risk premium is 5 percent:

RPM:I'M_I'RFZII%_6%:5%.

It follows that if one stock were twice as risky as another, its risk premium would be
twice as high, while if its risk were only half as much, its risk premium would be half as
large. Further, we can measure a stock’s relative riskiness by its beta coefficient.
Therefore, the risk premium for the 7th stock is:

Risk premium for Stock i = RP; = (RPy)b; (3-8)

If we know the market risk premium, RPy;, and the stock’s risk as measured by its beta
coefficient, b;, we can find the stock’s risk premium as the product (RPyp)b;. For exam-
ple, if b; = 0.5 and RPy; = 5%, then RP; is 2.5 percent:

RP; = (5%)(0.5)
= 2.5%.

As the discussion in Chapter 1 implied, the required return for any investment can
be expressed in general terms as

Required return = Risk-free return + Premium for risk.

Here the risk-free return includes a premium for expected inflation, and we assume
that the assets under consideration have similar maturities and liquidity. Under these
conditions, the relationship between the required return and risk is called the
Security Market Line (SML)

BTt should be noted that the risk premium of an average stock, ry; — rgp, cannot be measured with great
precision because it is impossible to obtain precise values for the expected future return on the market, ry;.
However, empirical studies suggest that where long-term U.S. Treasury bonds are used to measure rgy and
where ry; is an estimate of the expected (not historical) return on the S&P 500 Industrial Stocks, the market
risk premium varies somewhat from year to year, and it has generally ranged from 4 to 6 percent during the
last 20 years.
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FIGURE 3-12 The Security Market Line (SML)
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r; = rgp + (tm — rrRb;
= rgr + RPyb;

The required return for Stock i can be written as follows:
= 6% + (11% — 6%)(0.5)

= 6% + 5%(0.5)
= 8.5%.

If some other Stock j were riskier than Stock i and had b; = 2.0, then its required
rate of return would be 16 percent:

r=6% + (5%)2.0 = 16%.

An average stock, with b = 1.0, would have a required return of 11 percent, the same
as the market return:

ta = 6% + 5%)1.0 = 11% = 1y

As noted above, Equation 3-9 is called the Security Market Line (SML) equation,
and it is often expressed in graph form, as in Figure 3-12, which shows the SML when
rrr = 6% and ry; = 11%. Note the following points:

1. Required rates of return are shown on the vertical axis, while risk as measured by
beta is shown on the horizontal axis. This graph is quite different from the one
shown in Figure 3-9, where the returns on individual stocks were plotted on the
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vertical axis and returns on the market index were shown on the horizontal axis. The
slopes of the three lines in Figure 3-9 were used to calculate the three stocks’ betas,
and those betas were then plotted as points on the horizontal axis of Figure 3-12.

2. Riskless securities have b; = 0; therefore, rgy appears as the vertical axis intercept
in Figure 3-12. If we could construct a portfolio that had a beta of zero, it would
have an expected return equal to the risk-free rate.

3. The slope of the SML (5% in Figure 3-12) reflects the degree of risk aversion in
the economy—the greater the average investor’s aversion to risk, then (a) the
steeper the slope of the line, (b) the greater the risk premium for all stocks, and (c)
the higher the required rate of return on all stocks.'* These points are discussed
further in a later section.

4. The values we worked out for stocks with b; = 0.5, b; = 1.0, and b; = 2.0 agree with
the values shown on the graph for ry, ra, and ry.

Both the Security Market Line and a company’s position on it change over time
due to changes in interest rates, investors’ aversion to risk, and individual companies’
betas. Such changes are discussed in the following sections.

"Students sometimes confuse beta with the slope of the SML. This is a mistake. The slope of any straight
line is equal to the “rise” divided by the “run,” or (Y; — Yo)/(X; — Xo). Consider Figure 3-12. If we let Y =
r and X = beta, and we go from the origin to b = 1.0, we see that the slope is (r;r — rrp)/(bv — brr) =
(11% — 6%)/(1 — 0) = 5%. Thus, the slope of the SML is equal to (rp; — rrp), the market risk premium. In
Figure 3-12, r; = 6% + 5%b;, so an increase of beta from 1.0 to 2.0 would produce a 5 percentage point in-
crease in rj.

FIGURE 3-13 Shift in the SML Caused by an Increase in Inflation
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The Impact of Inflation

As we learned in Chapter 1, interest amounts to “rent” on borrowed money, or the
price of money. Thus, rgr is the price of money to a riskless borrower. We also
learned that the risk-free rate as measured by the rate on U.S. Treasury securities is
called the nominal, or quoted, rate, and it consists of two elements: (1) a real inflation-
free rate of veturn, ¥, and (2) an inflation premium, IP, equal to the anticipated rate of
inflation.'® Thus, rgr = r* + IP. The real rate on long-term Treasury bonds has his-
torically ranged from 2 to 4 percent, with a mean of about 3 percent. Therefore, if no
inflation were expected, long-term Treasury bonds would yield about 3 percent.
However, as the expected rate of inflation increases, a premium must be added to the
real risk-free rate of return to compensate investors for the loss of purchasing power
that results from inflation. Therefore, the 6 percent rrr shown in Figure 3-12 might
be thought of as consisting of a 3 percent real risk-free rate of return plus a 3 percent
inflation premium: rgp = r* + I[P =3% + 3% = 6%.

If the expected inflation rate rose by 2 percent, to 3% + 2% = 5%, this would cause
rRF to rise to 8 percent. Such a change is shown in Figure 3-13. Notice that under the
CAPM, theincrease in rrrleads to an equalincrease in the rate of return on all risky assets,
because the same inflation premium is builtinto the required rate of return of both risk-
less and risky assets.'® For example, the rate of return on an average stock, ryy, increases
from 11 to 13 percent. Other risky securities’ returns also rise by two percentage points.

The discussion above also applies to any change in the nominal risk-free interest
rate, whether it is caused by a change in expected inflation or in the real interest rate.
The key point to remember is that a change in rgr will not necessarily cause a change in
the market risk premium, which is the required return on the market, ry;, minus the
risk-free rate, rrp. In other words, as rgr changes, so may the required return on the
market, keeping the market risk premium stable. Think of a sailboat floating in a harbor.
The distance from the ocean floor to the ocean surface is like the risk-free rate, and it
moves up and down with the tides. The distance from the top of the ship’s mast to the
ocean floor is like the required market return: it, too, moves up and down with the tides.
But the distance from the mast-top to the ocean surface is like the market risk pre-
mium—it generally stays the same, even though tides move the ship up and down. In
other words, a change in the risk-free rate also causes a change in the required market
return, ryy, resulting in a relatively stable market risk premium, ry; — rgy.

Changes in Risk Aversion

The slope of the Security Market Line reflects the extent to which investors are averse
to risk—the steeper the slope of the line, the greater the average investor’ risk aver-
sion. Suppose investors were indifferent to risk; that is, they were not risk averse. If
rrr were 6 percent, then risky assets would also provide an expected return of 6

Long-term Treasury bonds also contain a maturity risk premium, MRP. Here we include the MRP in r*
to simplify the discussion.

!Recall that the inflation premium for any asset is equal to the average expected rate of inflation over the
asset’s life. Thus, in this analysis we must assume either that all securities plotted on the SML graph have
the same life or else that the expected rate of future inflation is constant.

It should also be noted that rgg in a CAPM analysis can be proxied by either a long-term rate (the
T-bond rate) or a short-term rate (the T-bill rate). Traditionally, the T-bill rate was used, but in recent years
there has been a movement toward use of the T-bond rate because there is a closer relationship between
T-bond yields and stocks than between T-bill yields and stocks. See Stocks, Bonds, Bills, and Inflation: 2001
Valuation Edition Yearbook (Chicago: Ibbotson Associates, 2001) for a discussion.

133



134

Risk and Return

percent, because if there were no risk aversion, there would be no risk premium, and
the SML would be plotted as a horizontal line. As risk aversion increases, so does the
risk premium, and this causes the slope of the SML to become steeper.

Figure 3-14 illustrates an increase in risk aversion. The market risk premium rises
from 5 to 7.5 percent, causing ry to rise from ry;; = 11% to ry; = 13.5%. The
returns on other risky assets also rise, and the effect of this shift in risk aversion is more
pronounced on riskier securities. For example, the required return on a stock with b; =
0.5 increases by only 1.25 percentage points, from 8.5 to 9.75 percent, whereas that on
a stock with b; = 1.5 increases by 3.75 percentage points, from 13.5 to 17.25 percent.

Changes in a Stock’s Beta Coefficient

As we shall see later in the book, a firm can influence its market risk, hence its beta,
through changes in the composition of its assets and also through its use of debt. A
company’s beta can also change as a result of external factors such as increased compe-
tition in its industry, the expiration of basic patents, and the like. When such changes
occur, the required rate of return also changes, and, as we shall see in Chapter 5, this
will affect the firm’s stock price. For example, consider MicroDrive Inc., with a beta of
1.40. Now suppose some action occurred that caused MicroDrive’s beta to increase
from 1.40 to 2.00. If the conditions depicted in Figure 3-12 held, MicroDrive’s re-
quired rate of return would increase from 13 to 16 percent:

Iy = I'rp + RPMbl
6% + (5%)1.40
=13%

FIGURE 3-14 Shift in the SML Caused by Increased Risk Aversion
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Risk and Return

to

r, = 6% + (5%)2.0
= 16%.

As we shall see in Chapter 5, this change would have a dramatic effect on MicroDrive’s
stock.

Differentiate among the expected rate of return (r), the required rate of return
(r), and the realized, after-the-fact return () on a stock. Which would have to be
larger to get you to buy the stock, r or r? Would T, r, and 7 typically be the same
or different for a given company?

What are the differences between the relative volatility graph (Figure 3-9), where
“betas are made,” and the SML graph (Figure 3-12), where “betas are used”?
Discuss both how the graphs are constructed and the information they convey.

What happens to the SML graph in Figure 3-12 when inflation increases or de-
creases?

What happens to the SML graph when risk aversion increases or decreases?
What would the SML look like if investors were indifferent to risk, that is, had
zero risk aversion?

How can a firm influence its market risk as reflected in its beta?

Physical Assets versus Securities

Self-Test
Questions

In a book on financial management for business firms, why do we spend so much time
discussing the risk of stocks? Why not begin by looking at the risk of such business
assets as plant and equipment? The reason is that, for a management whose primary ob-
Jective is stock price maximization, the overriding consideration is the risk of the firm’s stock,
and the relevant risk of any physical asset must be measured in terms of its effect on the stock’s
risk as seen by investors. For example, suppose Goodyear Tire Company is considering
a major investment in a new product, recapped tires. Sales of recaps, hence earnings
on the new operation, are highly uncertain, so on a stand-alone basis the new venture
appears to be quite risky. However, suppose returns in the recap business are nega-
tively correlated with Goodyear’s regular operations—when times are good and peo-
ple have plenty of money, they buy new tires, but when times are bad, they tend to
buy more recaps. Therefore, returns would be high on regular operations and low on
the recap division during good times, but the opposite would occur during recessions.
The result might be a pattern like that shown earlier in Figure 3-5 for Stocks W and
M. Thus, what appears to be a risky investment when viewed on a stand-alone basis
might not be very risky when viewed within the context of the company as a whole.

This analysis can be extended to the corporation’s stockholders. Because
Goodyear’s stock is owned by diversified stockholders, the real issue each time manage-
ment makes an asset investment should be this: How will this investment affect the risk
of our stockholders? Again, the stand-alone risk of an individual project may be quite
high, but viewed in the context of the project’s effect on stockholders’ risk, it may not be
very large. We will address this issue again in Chapter 8, where we examine the effects
of capital budgeting on companies’ beta coefficients and thus on stockholders’ risks.

Explain the following statement: “The stand-alone risk of an individual project
may be quite high, but viewed in the context of a project’s effect on stockhold-
ers, the project’s true risk may not be very large.”

How would the correlation between returns on a project and returns on the
firm’'s other assets affect the project’s risk?
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Self-Test
Question

Some Concerns about Beta and the CAPM

"The Capital Asset Pricing Model (CAPM) is more than just an abstract theory described in
textbooks—it is also widely used by analysts, investors, and corporations. However, despite
the CAPM’s intuitive appeal, a number of studies have raised concerns about its validity. In
particular, a study by Eugene Fama of the University of Chicago and Kenneth French of
Yale cast doubt on the CAPM."” Fama and French found two variables that are consistently
related to stock returns: (1) the firm’ size and (2) its market/book ratio. After adjusting for
other factors, they found that smaller firms have provided relatively high returns, and that
returns are relatively high on stocks with low market/book ratios. At the same time, and
contrary to the CAPM, they found no relationship between a stock’s beta and its return.

As an alternative to the traditional CAPM, researchers and practitioners have be-
gun to look to more general multi-beta models that expand on the CAPM and address
its shortcomings. The multi-beta model is an attractive generalization of the tradi-
tional CAPM model’s insight that market risk, or the risk that cannot be diversified
away underlies the pricing of assets. In the multi-beta model, market risk is measured
relative to a set of risk factors that determine the behavior of asset returns, whereas the
CAPM gauges risk only relative to the market return. It is important to note that the
risk factors in the multi-beta model are all nondiversifiable sources of risk. Empirical
research investigating the relationship between economic risk factors and security re-
turns is ongoing, but it has discovered several risk factors, including the bond default
premium, the bond term structure premium, and inflation, that affect most securities.

Practitioners and academicians have long recognized the limitations of the CAPM,
and they are constantly looking for ways to improve it. The multi-beta model is a po-
tential step in that direction.

Are there any reasons to question the validity of the CAPM?
Explain.

Volatility versus Risk

Before closing this chapter, we should note that volatility does not necessarily imply
risk. For example, suppose a company’s sales and earnings fluctuate widely from
month to month, from year to year, or in some other manner. Does this imply that the
company is risky in either the stand-alone or portfolio sense? If the earnings follow
seasonal or cyclical patterns, as for an ice cream distributor or a steel company, they
can be predicted, hence volatility would not signify much in the way of risk. If the ice
cream company’s earnings dropped about as much as they normally did in the winter,
this would not concern investors, so the company’s stock price would not be affected.
Similarly, if the steel company’s earnings fell during a recession, this would not be a
surprise, so the company’s stock price would not fall nearly as much as its earnings.
Therefore, earnings volatility does not necessarily imply investment risk.

Now consider some other company, say, Wal-Mart. In 1995 Wal-Mart’s earnings
declined for the first time in its history. That decline worried investors—they were con-
cerned that Wal-Mart’s era of rapid growth had ended. The result was that Wal-Mart’s
stock price declined more than its earnings. Again, we conclude that while a downturn
in earnings does not necessarily imply risk, it could, depending on conditions.

!7See Fugene F. Fama and Kenneth R. French, “The Cross-Section of Expected Stock Returns,” Journal of
Finance, Vol. 47, 1992, 427-465; and Eugene F. Fama and Kenneth R. French, “Common Risk Factors in
the Returns on Stocks and Bonds,” Journal of Financial Economics, Vol. 33, 1993, 3-56.
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Now let’s consider stock price volatility as opposed to earnings volatility. Is stock
price volatility more likely to imply risk than earnings volatility? The answer is a loud
yes! Stock prices vary because investors are uncertain about the future, especially about
future earnings. So, if you see a company whose stock price fluctuates relatively widely
(which will result in a high beta), you can bet that its future earnings are relatively un-
predictable. Thus, biotech companies have less predictable earnings than water compa-
nies, biotechs’ stock prices are volatile, and they have relatively high betas.

To conclude, keep two points in mind: (1) Earnings volatility does not necessarily
signify risk—you have to think about the cause of the volatility before reaching any
conclusion as to whether earnings volatility indicates risk. (2) However, stock price
volatility does signify risk.

Does earnings volatility necessarily imply risk? Explain.

Why is stock price volatility more likely to imply risk than earnings volatility?

In this chapter, we described the trade-off between risk and return. We began by dis-
cussing how to calculate risk and return for both individual assets and portfolios. In
particular, we differentiated between stand-alone risk and risk in a portfolio context,
and we explained the benefits of diversification. Finally, we developed the CAPM,
which explains how risk affects rates of return. In the chapters that follow, we will
give you the tools to estimate the required rates of return for bonds, preferred stock,
and common stock, and we will explain how firms use these returns to develop their
costs of capital. As you will see, the cost of capital is an important element in the
firm’s capital budgeting process. The key concepts covered in this chapter are listed
below.

e Risk can be defined as the chance that some unfavorable event will occur.

® The risk of an asset’s cash flows can be considered on a stand-alone basis (each as-
set by itself) or in a portfolio context, where the investment is combined with
other assets and its risk is reduced through diversification.

e Most rational investors hold portfolios of assets, and they are more concerned
with the riskiness of their portfolios than with the risk of individual assets.

e The expected return on an investment is the mean value of its probability distri-
bution of returns.

e The greater the probability that the actual return will be far below the expected
return, the greater the stand-alone risk associated with an asset.

e 'The average investor is risk averse, which means that he or she must be compen-
sated for holding risky assets. Therefore, riskier assets have higher required re-
turns than less risky assets.

e An asset’s risk consists of (1) diversifiable risk, which can be eliminated by diver-
sification, plus (2) market risk, which cannot be eliminated by diversification.

e The relevant risk of an individual asset is its contribution to the riskiness of a well-
diversified portfolio, which is the asset’s market risk. Since market risk cannot be
eliminated by diversification, investors must be compensated for bearing it.

e A stock’s beta coefficient, b, is a measure of its market risk. Beta measures the ex-
tent to which the stock’s returns move relative to the market.

e A high-beta stock is more volatile than an average stock, while a low-beta stock
is less volatile than an average stock. An average stock has b = 1.0.

e The beta of a portfolio is a weighted average of the betas of the individual secu-
rities in the portfolio.
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Questions

3-2

3-4

3-6
3-7

e The Security Market Line (SML) equation shows the relationship between a se-
curity’s market risk and its required rate of return. The return required for any
security i is equal to the risk-free rate plus the market risk premium times the
security’s beta: r; = rgp + (RPppb;.

e Even though the expected rate of return on a stock is generally equal to its re-
quired return, a number of things can happen to cause the required rate of return
to change: (1) the risk-free rate can change because of changes in either real
rates or anticipated inflation, (2) a stock’s beta can change, and (3) investors’
aversion to risk can change.

® Because returns on assets in different countries are not perfectly correlated, global
diversification may result in lower risk for multinational companies and globally
diversified portfolios.

In the next two chapters we will see how a security’s expected rate of return affects its
value. Then, in the remainder of the book, we will examine ways in which a firm’s
management can influence a stock’s risk and hence its price.

Define the following terms, using graphs or equations to illustrate your answers wherever
feasible:

. Stand-alone risk; risk; probability distribution

. Expected rate of return,

. Continuous probability distribution

. Standard deviation, o; variance, o%; coefficient of variation, CV
Risk aversion; realized rate of return, r

Risk premium for Stock i, RP;; market risk premium, RPy;

. Capital Asset Pricing Model (CAPM)

. Expected return on a portfolio, t,,; market portfolio

. Correlation coefficient, p; correlation

. Market risk; diversifiable risk; relevant risk

. Beta coefficient, b; average stock’s beta, by

. Security Market Line (SML); SML equation

. Slope of SML as a measure of risk aversion

B mFrerno®R -0 oan o

The probability distribution of a less risky expected return is more peaked than that of a riskier
return. What shape would the probability distribution have for (a) completely certain returns
and (b) completely uncertain returns?

Security A has an expected return of 7 percent, a standard deviation of expected returns of 35 per-
cent, a correlation coefficient with the market of —0.3, and a beta coefficient of —1.5. Security B
has an expected return of 12 percent, a standard deviation of returns of 10 percent, a correlation
with the market of 0.7, and a beta coefficient of 1.0. Which security is riskier? Why?

Suppose you owned a portfolio consisting of $250,000 worth of long-term U.S. government bonds.

a. Would your portfolio be riskless?

b. Now suppose you hold a portfolio consisting of $250,000 worth of 30-day Treasury bills.
Every 30 days your bills mature, and you reinvest the principal ($250,000) in a new batch of
bills. Assume that you live on the investment income from your portfolio and that you want
to maintain a constant standard of living. Is your portfolio truly riskless?

c. Can you think of any asset that would be completely riskless? Could someone develop such
an asset? Explain.

If investors’ aversion to risk increased, would the risk premium on a high-beta stock increase
more or less than that on a low-beta stock? Explain.

If a company’s beta were to double, would its expected return double?

Is it possible to construct a portfolio of stocks which has an expected return equal to the risk-
free rate?
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Self-Test Problems (solutions Appear in Appendix A)

ST-1
REALIZED RATES OF RETURN

ST-2
BETA AND REQUIRED
RATE OF RETURN

Problems

3-1
EXPECTED RETURN

Stocks A and B have the following historical returns:

Year Stock A's Returns, rp Stock B’s Returns, rg
1998 (18%) (24%)

1999 44 24

2000 (22) (4)

2001 22 8

2002 34 56

a. Calculate the average rate of return for each stock during the period 1998 through 2002. As-
sume that someone held a portfolio consisting of 50 percent of Stock A and 50 percent of Stock
B. What would have been the realized rate of return on the portfolio in each year from 1998
through 2002? What would have been the average return on the portfolio during this period?

b. Now calculate the standard deviation of returns for each stock and for the portfolio. Use
Equation 3-3a.

c. Looking at the annual returns data on the two stocks, would you guess that the correlation
coefficient between returns on the two stocks is closer to 0.8 or to —0.8?

d. If you added more stocks at random to the portfolio, which of the following is the most ac-
curate statement of what would happen to ,?
(1) o}, would remain constant.
(2) o, would decline to somewhere in the vicinity of 20 percent.
(3) o, would decline to zero if enough stocks were included.

ECRI Corporation is a holding company with four main subsidiaries. The percentage of its
business coming from each of the subsidiaries, and their respective betas, are as follows:

Subsidiary Percentage of Business Beta
Electric utility 60% 0.70
Cable company 25 0.90
Real estate 10 1.30
International/special projects 5 1.50

a. What is the holding company’s beta?

b. Assume that the risk-free rate is 6 percent and the market risk premium is 5 percent. What is
the holding company’s required rate of return?

c. ECRI is considering a change in its strategic focus; it will reduce its reliance on the electric
utility subsidiary, so the percentage of its business from this subsidiary will be 50 percent. At
the same time, ECRI will increase its reliance on the international/special projects division,
so the percentage of its business from that subsidiary will rise to 15 percent. What will be the
shareholders’ required rate of return if they adopt these changes?

A stock’s expected return has the following distribution:

Demand for the Probability of this Rate of Return
Company'’s Products Demand Occurring if This Demand Occurs
Weak 0.1 (50%)
Below average 0.2 (5)
Average 0.4 16
Above average 0.2 25
Strong 0.1 60
1.0

Calculate the stock’s expected return, standard deviation, and coefficient of variation.
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3-2
PORTFOLIO BETA

3-3
EXPECTED AND REQUIRED
RATES OF RETURN

34
REQUIRED RATE OF RETURN

3-5
EXPECTED RETURNS

3-6
REQUIRED RATE OF RETURN

3-7
REQUIRED RATE OF RETURN

3-8
PORTFOLIO BETA

3-9
PORTFOLIO REQUIRED RETURN

3-10
PORTFOLIO BETA

An individual has $35,000 invested in a stock which has a beta of 0.8 and $40,000 invested in a
stock with a beta of 1.4. If these are the only two investments in her portfolio, what is her port-
folio’s beta?

Assume that the risk-free rate is 5 percent and the market risk premium is 6 percent. What is the
expected return for the overall stock market? What is the required rate of return on a stock that
has a beta of 1.2?

Assume that the risk-free rate is 6 percent and the expected return on the market is 13 percent.
What is the required rate of return on a stock that has a beta of 0.7?

The market and Stock ] have the following probability distributions:

Probability m ry
0.3 15% 20%
0.4 9 5
0.3 18 12

a. Calculate the expected rates of return for the market and Stock J.
b. Calculate the standard deviations for the market and Stock J.
c. Calculate the coefficients of variation for the market and Stock J.

Suppose rrp = 5%, ryr = 10%, and ry = 12%.
a. Calculate Stock A’ beta.
b. If Stock A’s beta were 2.0, what would be As new required rate of return?

Suppose rry = 9%, rar = 14%, and b; = 1.3.

a. What is r;, the required rate of return on Stock i?

b. Now suppose rgy (1) increases to 10 percent or (2) decreases to 8 percent. The slope of the
SML remains constant. How would this affect ry; and r;?

c. Now assume rgr remains at 9 percent but ry; (1) increases to 16 percent or (2) falls to 13
percent. The slope of the SML does not remain constant. How would these changes
affect r;?

Suppose you hold a diversified portfolio consisting of a $7,500 investment in each of 20 differ-
ent common stocks. The portfolio beta is equal to 1.12. Now, suppose you have decided to sell
one of the stocks in your portfolio with a beta equal to 1.0 for $7,500 and to use these proceeds
to buy another stock for your portfolio. Assume the new stock’s beta is equal to 1.75. Calculate
your portfolio’s new beta.

Suppose you are the money manager of a $4 million investment fund. The fund consists of 4
stocks with the following investments and betas:

Stock Investment Beta
A $400,000 1.50
B 600,000 (0.50)
C 1,000,000 1.25
D 2,000,000 0.75

If the market required rate of return is 14 percent and the risk-free rate is 6 percent, what is the
fund’s required rate of return?

You have a $2 million portfolio consisting of a $100,000 investment in each of 20 different
stocks. The portfolio has a beta equal to 1.1. You are considering selling $100,000 worth of
one stock which has a beta equal to 0.9 and using the proceeds to purchase another stock
which has a beta equal to 1.4. What will be the new beta of your portfolio following this trans-
action?



3-11
REQUIRED RATE OF RETURN

3-12
REALIZED RATES OF RETURN

3-13
FINANCIAL CALCULATOR
NEEDED; EXPECTED AND
REQUIRED RATES OF RETURN

Risk and Return

Stock R has a beta of 1.5, Stock S has a beta of 0.75, the expected rate of return on an average
stock is 13 percent, and the risk-free rate of return is 7 percent. By how much does the required
return on the riskier stock exceed the required return on the less risky stock?

Stocks A and B have the following historical returns:

Year Stock A's Returns, rp Stock B's Returns, rg
1998 (18.00%) (14.50%)
1999 33.00 21.80

2000 15.00 30.50

2001 (0.50) (7.60)

2002 27.00 26.30

. Calculate the average rate of return for each stock during the period 1998 through 2002.
. Assume that someone held a portfolio consisting of 50 percent of Stock A and 50 percent of

Stock B. What would have been the realized rate of return on the portfolio in each year from
1998 through 2002? What would have been the average return on the portfolio during this
period?

. Calculate the standard deviation of returns for each stock and for the portfolio.
. Calculate the coefficient of variation for each stock and for the portfolio.
. If you are a risk-averse investor, would you prefer to hold Stock A, Stock B, or the portfolio?

Why?

You have observed the following returns over time:

Year Stock X Stock Y Market
1998 14% 13% 12%
1999 19 7 10
2000 -16 -5 -12
2001 3 1 1
2002 20 11 15

Assume that the risk-free rate is 6 percent and the market risk premium is 5 percent.

a.
b.

C.

d.

What are the betas of Stocks X and Y?

What are the required rates of return for Stocks X and Y?

What is the required rate of return for a portfolio consisting of 80 percent of Stock X and 20
percent of Stock Y?

If Stock X’s expected return is 22 percent, is Stock X under- or overvalued?

Spreadsheet Problem

3-14
BUILD A MODEL: EVALUATING
RISK AND RETURN

nr \
'.‘»I ALl

Start with the partial model in the file Ch 03 P14 Build a Model.xls from the textbook’s web
site. Bartman Industries’ and Reynolds Incorporated’s stock prices and dividends, along with the
Market Index, are shown below for the period 1997-2002. The Market data are adjusted to in-

clude dividends.

Bartman Industries Reynolds Incorporated Market Index
Year Stock Price Dividend Stock Price Dividend Includes Divs.
2002 $17.250 $1.15 $48.750 $3.00 11,663.98
2001 14.750 1.06 52.300 2.90 8,785.70
2000 16.500 1.00 48.750 2.75 8,679.98
1999 10.750 0.95 57.250 2.50 6,434.03
1998 11.375 0.90 60.000 2.25 5,602.28

1997 7.625 0.85 55.750 2.00 4,705.97
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@

See Ch 03 Show.ppt and

. Use the data given to calculate annual returns for Bartman, Reynolds, and the Market Index,

and then calculate average returns over the 5-year period. (Hint: Remember, returns are cal-
culated by subtracting the beginning price from the ending price to get the capital gain or
loss, adding the dividend to the capital gain or loss, and dividing the result by the beginning
price. Assume that dividends are already included in the index. Also, you cannot calculate the
rate of return for 1997 because you do not have 1996 data.)

. Calculate the standard deviations of the returns for Bartman, Reynolds, and the Market In-

dex. (Hint: Use the sample standard deviation formula given in the chapter, which corre-
sponds to the STDEV function in Excel.)

. Now calculate the coefficients of variation for Bartman, Reynolds, and the Market Index.
. Construct a scatter diagram graph that shows Bartman’s and Reynolds’ returns on the verti-

cal axis and the Market Index’s returns on the horizontal axis.

. Estimate Bartman’s and Reynolds’ betas by running regressions of their returns against the

Index’s returns. Are these betas consistent with your graph?

. The risk-free rate on long-term Treasury bonds is 6.04 percent. Assume that the market risk

premium is 5 percent. What is the expected return on the market? Now use the SML equa-
tion to calculate the two companies’ required returns.

. If you formed a portfolio that consisted of 50 percent of Bartman stock and 50 percent of

Reynolds stock, what would be its beta and its required return?

. Suppose an investor wants to include Bartman Industries’ stock in his or her portfolio.

Stocks A, B, and C are currently in the portfolio, and their betas are 0.769, 0.985, and 1.423,
respectively. Calculate the new portfolio’s required return if it consists of 25 percent of Bart-
man, 15 percent of Stock A, 40 percent of Stock B, and 20 percent of Stock C.

Assume that you recently graduated with a major in finance, and you just landed a job as a fi-
nancial planner with Merrill Finch Inc., a large financial services corporation. Your first assign-
ment is to invest $100,000 for a client. Because the funds are to be invested in a business at the
end of 1 year, you have been instructed to plan for a 1-year holding period. Further, your boss
has restricted you to the following investment alternatives, shown with their probabilities and
associated outcomes. (Disregard for now the items at the bottom of the data; you will fill in the

Ch 03 Mini Case.xls. blanks later.)
Returns on Alternative Investments
Estimated Rate of Return
State of High u.s. Market 2-Stock
the Economy Probability T-Bills Tech Collections Rubber Portfolio Portfolio
Recession 0.1 8.0% (22.0%) 28.0% 10.0%* (13.0%) 3.0%
Below average 0.2 8.0 (2.0) 14.7 (10.0) 1.0
Average 0.4 8.0 20.0 0.0 7.0 15.0 10.0
Above average 0.2 8.0 35.0 (10.0) 45.0 29.0
Boom 0.1 8.0 50.0 (20.0) 30.0 43.0 150
r 1.7% 13.8% 15.0%
I 0.0 13.4 18.8 15.3
CVv 7.9 1.4 1.0
b —0.86 0.68

*Note that the estimated returns of U.S. Rubber do not always move in the same direction as the overall economy. For example, when the econ-
omy is below average, consumers purchase fewer tires than they would if the economy was stronger. However, if the economy is in a flat-out re-
cession, a large number of consumers who were planning to purchase a new car may choose to wait and instead purchase new tires for the car
they currently own. Under these circumstances, we would expect U.S. Rubber's stock price to be higher if there is a recession than if the econ-
omy was just below average.
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Merrill Finch’s economic forecasting staff has developed probability estimates for the state of the

economy, and its security analysts have developed a sophisticated computer program which was used
to estimate the rate of return on each alternative under each state of the economy. High Tech Inc. is
an electronics firm; Collections Inc. collects past-due debts; and U.S. Rubber manufactures tires and
various other rubber and plastics products. Merrill Finch also maintains an “index fund” which owns
a market-weighted fraction of all publicly traded stocks; you can invest in that fund, and thus obtain
average stock market results. Given the situation as described, answer the following questions.

a.

b.

What are investment returns? What is the return on an investment that costs $1,000 and is
sold after 1 year for $1,100?

(1) Why is the T-bill’s return independent of the state of the economy? Do T-bills promise
a completely risk-free return? (2) Why are High Tech’s returns expected to move with the
economy whereas Collections’ are expected to move counter to the economy?

. Calculate the expected rate of return on each alternative and fill in the blanks on the row for

T in the table above.

. You should recognize that basing a decision solely on expected returns is only appropriate

for risk-neutral individuals. Because your client, like virtually everyone, is risk averse, the
riskiness of each alternative is an important aspect of the decision. One possible measure of
risk is the standard deviation of returns. (1) Calculate this value for each alternative, and fill
in the blank on the row for o in the table above. (2) What type of risk is measured by the
standard deviation? (3) Draw a graph that shows 7oughly the shape of the probability distri-
butions for High Tech, U.S. Rubber, and T-bills.

. Suppose you suddenly remembered that the coefficient of variation (CV) is generally re-

garded as being a better measure of stand-alone risk than the standard deviation when the
alternatives being considered have widely differing expected returns. Calculate the missing
CVs, and fill in the blanks on the row for CV in the table above. Does the CV produce the
same risk rankings as the standard deviation?

. Suppose you created a 2-stock portfolio by investing $50,000 in High Tech and $50,000 in

Collections. (1) Calculate the expected return (), the standard deviation (o), and the co-
efficient of variation (CV,,) for this portfolio and fill in the appropriate blanks in the table
above. (2) How does the risk of this 2-stock portfolio compare with the risk of the individ-
ual stocks if they were held in isolation?

. Suppose an investor starts with a portfolio consisting of one randomly selected stock. What

would happen (1) to the risk and (2) to the expected return of the portfolio as more and
more randomly selected stocks were added to the portfolio? What is the implication for in-
vestors? Draw a graph of the two portfolios to illustrate your answer.

. (1) Should portfolio effects impact the way investors think about the risk of individual stocks?

(2) If you decided to hold a 1-stock portfolio, and consequently were exposed to more risk than
diversified investors, could you expect to be compensated for all of your risk; that is, could you
earn a risk premium on that part of your risk that you could have eliminated by diversifying?

. How is market risk measured for individual securities? How are beta coefficients calculated?
. Suppose you have the following historical returns for the stock market and for another com-

pany, K. W. Enterprises. Explain how to calculate beta, and use the historical stock returns
to calculate the beta for KWE. Interpret your results.

Year Market KWE
1 25.7% 40.0
2 8.0 =150
3 =140 -15.0
4 15.0 35.0
5 32.5 10.0
6 13.7 30.0
7 40.0 42.0
8 10.0 -10.0
9 -10.8 —-25.0

10 —-13.1 25.0
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k. The expected rates of return and the beta coefficients of the alternatives as supplied by Mer-

rill Finch’s computer program are as follows:

Security Return (r) Risk (Beta)
High Tech 17.4% 1.29
Market 15.0 1.00
U.S. Rubber 13.8 0.68
T-bills 8.0 0.00
Collections 1.7 (0.86)

(1) Do the expected returns appear to be related to each alternative’s market risk? (2) Is it pos-
sible to choose among the alternatives on the basis of the information developed thus far?

. (1) Write out the Security Market Line (SML) equation, use it to calculate the required rate

of return on each alternative, and then graph the relationship between the expected and re-
quired rates of return. (2) How do the expected rates of return compare with the required
rates of return? (3) Does the fact that Collections has an expected return that is less than the
‘T-bill rate make any sense? (4) What would be the market risk and the required return of a
50-50 portfolio of High Tech and Collections? Of High Tech and U.S. Rubber?

. (1) Suppose investors raised their inflation expectations by 3 percentage points over current

estimates as reflected in the 8 percent T-bill rate. What effect would higher inflation have
on the SML and on the returns required on high- and low-risk securities? (2) Suppose in-
stead that investors’ risk aversion increased enough to cause the market risk premium to in-
crease by 3 percentage points. (Inflation remains constant.) What effect would this have on
the SML and on returns of high- and low-risk securities?

Selected Additional References and Cases

Probably the best sources of additional information on probability
distributions and single-asset risk measures are statistics textbooks.
For example, see

Kohler, Heinz, Statistics for Business and Economics (New

York: HarperCollins, 1994).

Mendenhall, William, Richard L. Schaeffer, and Dennis D.
Wackerly, Mathematical ~ Statistics  with  Applications
(Boston: PWS; 1996).

Probably the best place to find an extension of portfolio theory con-
cepts is one of the investments textbooks. These are some good ones:

Francis, Jack C., Investments: Analysis and Management (New
York: McGraw-Hill, 1991).

Radcliffe, Robert C., Investment: Concepts, Analysis, and Strat-
egy New York: HarperCollins, 1994).

Reilly, Frank K., and Keith C. Brown, Investment Analysis
and Portfolio Management (Fort Worth, TX: The Dryden
Press, 1997).

The following case from the Cases in Financial Management:
series covers many of the concepts discussed in this chapter:
Case 2, “Peachtree Securities, Inc. (A).”
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During the summer of 1999 the future course of interest rates was highly uncertain.
Continued strength in the economy and growing fears of inflation had led to interest
rate increases, and many analysts were concerned that this trend would continue.
However, others were forecasting declining rates—they saw no threat from inflation,
and they were more concerned about the economy running out of gas. Because of
this uncertainty, bond investors tended to wait on the sidelines for some definitive
economic news. At the same time, companies were postponing bond issues out of
fear that nervous investors would be unwilling to purchase them.

One example of all this was Ford Motor, which in June 1999 decided to put a
large bond issue on hold. However, after just three weeks, Ford sensed a shift in the
investment climate, and it announced plans to sell $8.6 billion of new bonds. As
shown in the following table, the Ford issue set a record, surpassing an $8 billion
AT&T issue that had taken place a few months earlier.

Ford's $8.6 billion issue actually consisted of four separate bonds. Ford Credit,
a subsidiary that provides customer financing, borrowed $1.0 billion dollars at a
2-year floating rate and another $1.8 billion at a 3-year floating rate. Ford Motor itself
borrowed $4 billion as 5-year fixed-rate debt and another $1.8 billion at a 32-year
fixed rate.

Most analysts agreed that these bonds had limited default risk. Ford held $24
billion in cash, and it had earned a record $2.5 billion during the second quarter of
1999. However, the auto industry faces some inherent risks. When all the risk factors
were balanced, the issues all received a single-A rating. Much to the relief of the jittery
bond market, the Ford issue was well received. Dave Cosper, Ford Credit’s Treasurer,
said “There was a lot of excitement, and demand exceeded our expectations.”

The response to the Ford offering revealed that investors had a strong appetite
for large bond issues with strong credit ratings. Larger issues are more liquid than
smaller ones, and liquidity is particularly important to bond investors when the direc-
tion of the overall market is highly uncertain.

Anticipating even more demand, Ford is planning to regularly issue large blocks
of debt in the global market. Seeing Ford’s success, less than one month later Wal-
Mart entered the list of top ten U.S. corporate bond financings with a new $5 billion
issue. Other large companies have subsequently followed suit.

Source: From Gregory Zuckerman, “Ford’s Record Issue May Drive Imitators,” The Wall Street Journal, July 12,

1999, C1. Copyright © 1999 Dow Jones & Co., Inc. Reprinted by permission of Dow Jones & Co., Inc. via Copy-
right Clearance Center.
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Top Ten U.S. Corporate Bond Financings as of July 1999

Amount (Billions

Issuer Date of Dollars)
Ford July 9, 1999 $8.60
AT&T March 23, 1999 8.00
RJR Holdings May 12, 1989 6.11
WorldCom August 6, 1998 6.10
Sprint November 10, 1998 5.00
Assoc. Corp. of N. America October 27, 1998 4.80
Norfolk Southern May 14, 1997 4.30
US West January 16, 1997 4.10
Conoco April 15, 1999 4.00
Charter Communications March 12, 1999 3.58

Source: From Thomson Financial Securities Data, Credit Suisse First Boston as reported in The Wall Street Journal, July
12,1999, C1. Copyright © 1999 Dow Jones & Co., Inc. Reprinted by permission of Dow Jones & Co., Inc. via Copyright
Clearance Center.

If you skim through The Wall Street Fournal, you will see references to a wide variety
of bonds. This variety may seem confusing, but in actuality just a few characteristics
distinguish the various types of bonds.
While bonds are often viewed as relatively safe investments, one can certainly lose
money on them. Indeed, “riskless” long-term U.S. Treasury bonds declined by more
than 20 percent during 1994, and “safe” Mexican government bonds declined by 25
"a';@)u’ percent on one day, December 27, 1994. More recently, investors in Russian bonds
suffered massive losses when Russia defaulted. In each of these cases, investors who
The textbook's web site had regarded bonds as being riskless, or at least fairly safe, learned a sad lesson. Note,
contains an Excel file that though, that it is possible to rack up impressive gains in the bond market. High-
will guide you through the  quality corporate bonds in 1995 provided a total return of nearly 21 percent, and in
chapter’s calculations. The 1997 U.S. Treasury bonds returned 14.3 percent.
file for this chapter is Ch 04 In this chapter, we will discuss the types of bonds companies and government
Tool Kit.xls, and we encour- . . . .
age you to open the file and  38ENCies issue, thg terms that are contained in bond contracts, the types of rls.ks. to
follow along as you read the  Which both bond investors and issuers are exposed, and procedures for determining
chapter. the values of and rates of return on bonds.

Who Issues Bonds?

A bond is a long-term contract under which a borrower agrees to make payments
of interest and principal, on specific dates, to the holders of the bond. For exam-
ple, on January 3, 2003, MicroDrive Inc. borrowed $50 million by issuing $50 mil-
lion of bonds. For convenience, we assume that MicroDrive sold 50,000 individual
bonds for $1,000 each. Actually, it could have sold one $50 million bond, 10 bonds
with a $5 million face value, or any other combination that totals to $50 million.
In any event, MicroDrive received the $50 million, and in exchange it promised to
make annual interest payments and to repay the $50 million on a specified matu-
rity date.

Investors have many choices when investing in bonds, but bonds are classified into
four main types: Treasury, corporate, municipal, and foreign. Each type differs with
respect to expected return and degree of risk.
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Treasury bonds, sometimes referred to as government bonds, are issued by the
U.S. federal government.' It is reasonable to assume that the federal government will
make good on its promised payments, so these bonds have no default risk. However,
Treasury bond prices decline when interest rates rise, so they are not free of all risks.

Corporate bonds, as the name implies, are issued by corporations. Unlike Trea-
sury bonds, corporate bonds are exposed to default risk—if the issuing company gets
into trouble, it may be unable to make the promised interest and principal payments.
Different corporate bonds have different levels of default risk, depending on the issu-
ing company’s characteristics and the terms of the specific bond. Default risk often is
referred to as “credit risk,” and, as we saw in Chapter 1, the larger the default or credit
risk, the higher the interest rate the issuer must pay.

Municipal bonds, or “munis,” are issued by state and local governments. Like
corporate bonds, munis have default risk. However, munis offer one major advantage
over all other bonds: As we will explain in Chapter 9, the interest earned on most
municipal bonds is exempt from federal taxes and also from state taxes if the holder is
a resident of the issuing state. Consequently, municipal bonds carry interest rates that
are considerably lower than those on corporate bonds with the same default risk.

Foreign bonds are issued by foreign governments or foreign corporations. For-
eign corporate bonds are, of course, exposed to default risk, and so are some foreign
government bonds. An additional risk exists if the bonds are denominated in a cur-
rency other than that of the investor’s home currency. For example, if a U.S. investor
purchases a corporate bond denominated in Japanese yen and the yen subsequently
falls relative to the dollar, then the investor will lose money, even if the company does
not default on its bonds.

Self-Test What is a bond?
Questions What are the four main types of bonds?

Why are U.S. Treasury bonds not riskless?

To what types of risk are investors of foreign bonds exposed?

Key Characteristics of Bonds

Although all bonds have some common characteristics, they do not always have the
same contractual features. For example, most corporate bonds have provisions for early
repayment (call features), but these provisions can be quite different for different bonds.
Differences in contractual provisions, and in the underlying strength of the companies
backing the bonds, lead to major differences in bonds’ risks, prices, and expected re-
turns. To understand bonds, it is important that you understand the following terms.

Par Value

The par value is the stated face value of the bond; for illustrative purposes we gener-
ally assume a par value of $1,000, although any multiple of $1,000 (for example,
$5,000) can be used. The par value generally represents the amount of money the firm
borrows and promises to repay on the maturity date.

"The U.S. Treasury actually issues three types of securities: “bills,” “notes,” and “bonds.” A bond makes an
equal payment every six months until it matures, at which time it makes an additional lump sum payment.
If the maturity at the time of issue is less than 10 years, it is called a note rather than a bond. A T-bill has a
maturity of 52 weeks or less at the time of issue, and it makes no payments at all until it matures. Thus, bills
are sold initially at a discount to their face, or maturity, value.
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An excellent site for infor-
mation on many types of
bonds is Bonds Online,
which can be found at
http://www.bondsonline.
com. The site has a great
deal of information about
corporates, municipals, trea-
suries, and bond funds. It in-
cludes free bond searches,
through which the user
specifies the attributes de-
sired in a bond and then the
search returns the publicly
traded bonds meeting the
criteria. The site also in-
cludes a downloadable
bond calculator and an ex-
cellent glossary of bond ter-
minology.

Coupon Interest Rate

MicroDrive’s bonds require the company to pay a fixed number of dollars of interest
each year (or, more typically, each six months). When this coupon payment, as it is
called, is divided by the par value, the result is the coupon interest rate. For example,
MicroDrive’s bonds have a $1,000 par value, and they pay $100 in interest each year.
The bond’s coupon interest is $100, so its coupon interest rate is $100/$1,000 = 10
percent. The $100 is the yearly “rent” on the $1,000 loan. This payment, which is
fixed at the time the bond is issued, remains in force during the life of the bond.” Typ-
ically, at the time a bond is issued its coupon payment is set at a level that will enable
the bond to be issued at or near its par value.

In some cases, a bond’s coupon payment will vary over time. For these floating
rate bonds, the coupon rate is set for, say, the initial six-month period, after which it
is adjusted every six months based on some market rate. Some corporate issues are tied
to the Treasury bond rate, while other issues are tied to other rates, such as LIBOR.
Many additional provisions can be included in floating rate issues. For example, some
are convertible to fixed rate debt, whereas others have upper and lower limits (“caps”
and “floors”) on how high or low the rate can go.

Floating rate debt is popular with investors who are worried about the risk of rising
interest rates, since the interest paid on such bonds increases whenever market rates
rise. This causes the market value of the debt to be stabilized, and it also provides insti-
tutional buyers such as banks with income that is better geared to their own obligations.
Banks’ deposit costs rise with interest rates, so the income on floating rate loans that
they have made rises at the same time their deposit costs are rising. The savings and loan
industry was virtually destroyed as a result of their practice of making fixed rate mort-
gage loans but borrowing on floating rate terms. If you are earning 6 percent but paying
10 percent—which they were—you soon go bankrupt—which they did. Moreover,
floating rate debt appeals to corporations that want to issue long-term debt without
committing themselves to paying a historically high interest rate for the entire life of
the loan.

Some bonds pay no coupons at all, but are offered at a substantial discount below
their par values and hence provide capital appreciation rather than interest income.
These securities are called zero coupon bonds (“zeros”). Other bonds pay some
coupon interest, but not enough to be issued at par. In general, any bond originally of-
fered at a price significantly below its par value is called an original issue discount
(OID) bond. Corporations first used zeros in a major way in 1981. In recent years IBM,
Alcoa, JCPenney, I'TT, Cities Service, GMAC, Lockheed Martin, and even the U.S.
Treasury have used zeros to raise billions of dollars.

Maturity Date

Bonds generally have a specified maturity date on which the par value must be repaid.
MicroDrive’s bonds, which were issued on January 3, 2003, will mature on January 3,
2018; thus, they had a 15-year maturity at the time they were issued. Most bonds have
original maturities (the maturity at the time the bond is issued) ranging from 10 to

At one time, bonds literally had a number of small (1/2- by 2-inch), dated coupons attached to them, and
on each interest payment date the owner would clip off the coupon for that date and either cash it at his or
her bank or mail it to the company’s paying agent, who would then mail back a check for the interest. A 30-
year, semiannual bond would start with 60 coupons, whereas a 5-year annual payment bond would start with
only 5 coupons. Today, new bonds must be registered—no physical coupons are involved, and interest checks
are mailed automatically to the registered owners of the bonds. Even so, people continue to use the terms
coupon and coupon interest rate when discussing bonds.
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40 years, but any maturity is legally permissible.” Of course, the effective maturity of
a bond declines each year after it has been issued. Thus, MicroDrive’s bonds had a 15-
year original maturity, but in 2004, a year later, they will have a 14-year maturity, and
so on.

Provisions to Call or Redeem Bonds

Most corporate bonds contain a call provision, which gives the issuing corporation
the right to call the bonds for redemption.* The call provision generally states that the
company must pay the bondholders an amount greater than the par value if they are
called. The additional sum, which is termed a call premium, is often set equal to one
year’s interest if the bonds are called during the first year, and the premium declines at
a constant rate of INT/N each year thereafter, where INT = annual interest and N =
original maturity in years. For example, the call premium on a $1,000 par value, 10-
year, 10 percent bond would generally be $100 if it were called during the first year,
$90 during the second year (calculated by reducing the $100, or 10 percent, premium
by one-tenth), and so on. However, bonds are often not callable until several years
(generally 5 to 10) after they were issued. This is known as a deferred call, and the
bonds are said to have call protection.

Suppose a company sold bonds when interest rates were relatively high. Provided
the issue is callable, the company could sell a new issue of low-yielding securities if and
when interest rates drop. It could then use the proceeds of the new issue to retire the
high-rate issue and thus reduce its interest expense. This process is called a refunding
operation.

A call provision is valuable to the firm but potentially detrimental to investors. If
interest rates go up, the company will not call the bond, and the investor will be stuck
with the original coupon rate on the bond, even though interest rates in the economy
have risen sharply. However, if interest rates fall, the company wil/ call the bond and
pay off investors, who then must reinvest the proceeds at the current market interest
rate, which is lower than the rate they were getting on the original bond. In other
words, the investor loses when interest rates go up, but doesn’t reap the gains when
rates fall. To induce an investor to take this type of risk, a new issue of callable bonds
must provide a higher interest rate than an otherwise similar issue of noncallable
bonds. For example, on August 30, 1997, Pacific Timber Company issued bonds
yielding 9.5 percent; these bonds were callable immediately. On the same day, North-
west Milling Company sold an issue with similar risk and maturity that yielded 9.2
percent, but these bonds were noncallable for ten years. Investors were willing to ac-
cept a 0.3 percent lower interest rate on Northwest’s bonds for the assurance that the
9.2 percent interest rate would be earned for at least ten years. Pacific, on the other
hand, had to incur a 0.3 percent higher annual interest rate to obtain the option of
calling the bonds in the event of a subsequent decline in rates.

Bonds that are redeemable at par at the holder’s option protect investors against
a rise in interest rates. If rates rise, the price of a fixed-rate bond declines. However, if
holders have the option of turning their bonds in and having them redeemed at par,
they are protected against rising rates. Examples of such debt include Transamerica’s
$50 million issue of 25-year, 8% percent bonds. The bonds are not callable by the
company, but holders can turn them in for redemption at par five years after the date

3In July 1993, Walt Disney Co., attempting to lock in a low interest rate, issued the first 100-year bonds to
be sold by any borrower in modern times. Soon after, Coca-Cola became the second company to stretch the
meaning of “long-term bond” by selling $150 million of 100-year bonds.

*A majority of municipal bonds also contain call provisions. Although the U.S. Treasury no longer issues
callable bonds, some past Treasury issues were callable.
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of issue. If interest rates have risen, holders will turn in the bonds and reinvest the pro-
ceeds at a higher rate. This feature enabled Transamerica to sell the bonds with an 8%
percent coupon at a time when other similarly rated bonds had yields of 9 percent.

In late 1988, the corporate bond markets were sent into turmoil by the leveraged
buyout of RJR Nabisco. RJR’s bonds dropped in value by 20 percent within days of the
LBO announcement, and the prices of many other corporate bonds also plunged, be-
cause investors feared that a boom in LBOs would load up many companies with ex-
cessive debt, leading to lower bond ratings and declining bond prices. All this led to a
resurgence of concern about event risk, which is the risk that some sudden event, such
as an LBO, will occur and increase the credit risk of the company, hence lowering the
firm’s bond rating and the value of its outstanding bonds. Investors’ concern over
event risk meant that those firms deemed most likely to face events that could harm
bondholders had to pay dearly to raise new debt capital, if they could raise it at all. In
an attempt to control debt costs, a new type of protective covenant was devised to
minimize event risk. This covenant, called a super poison put, enables a bondholder to
turn in, or “put” a bond back to the issuer at par in the event of a takeover, merger, or
major recapitalization.

Poison puts had actually been around since 1986, when the leveraged buyout trend
took off. However, the earlier puts proved to be almost worthless because they allowed
investors to “put” their bonds back to the issuer at par value only in the event of an un-
friendly takeover. But because almost all takeovers are eventually approved by the target
firm’s board, mergers that started as hostile generally ended as friendly. Also, the earlier
poison puts failed to protect investors from voluntary recapitalizations, in which a com-
pany sells a big issue of bonds to pay a big, one-time dividend to stockholders or to buy
back its own stock. The “super” poison puts that were used following the RJR buyout
announcement protected against both of these actions. This is a good illustration of
how quickly the financial community reacts to changes in the marketplace.

Sinking Funds

Some bonds also include a sinking fund provision that facilitates the orderly retire-
ment of the bond issue. On rare occasions the firm may be required to deposit money
with a trustee, which invests the funds and then uses the accumulated sum to retire the
bonds when they mature. Usually, though, the sinking fund is used to buy back a cer-
tain percentage of the issue each year. A failure to meet the sinking fund requirement
causes the bond to be thrown into default, which may force the company into bank-
ruptcy. Obviously, a sinking fund can constitute a significant cash drain on the firm.

In most cases, the firm is given the right to handle the sinking fund in either of
two ways:

1. The company can call in for redemption (at par value) a certain percentage of the
bonds each year; for example, it might be able to call 5 percent of the total original
amount of the issue at a price of $1,000 per bond. The bonds are numbered serially,
and those called for redemption are determined by a lottery administered by the
trustee.

2. The company may buy the required number of bonds on the open market.

The firm will choose the least-cost method. If interest rates have risen, causing bond
prices to fall, it will buy bonds in the open market at a discount; if interest rates have
fallen, it will call the bonds. Note that a call for sinking fund purposes is quite different
from a refunding call as discussed above. A sinking fund call typically requires no call
premium, but only a small percentage of the issue is normally callable in any one year.’

>Some sinking funds require the issuer to pay a call premium.
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Although sinking funds are designed to protect bondholders by ensuring thatan is-
sueis retired in an orderly fashion, you should recognize that sinking funds can work to
the detrimentofbondholders. For example, suppose the bond carriesa 10 percentinter-
estrate, butyields on similar bonds have fallen to 7.5 percent. A sinking fund call at par
would require an investor to give up a bond that pays $100 of interest and then to rein-
vest in a bond that pays only $75 per year. This obviously harms those bondholders
whose bonds are called. On balance, however, bonds that have a sinking fund are re-
garded as being safer than those without such a provision, so at the time they are issued
sinking fund bonds have lower coupon rates than otherwise similar bonds without sink-

ing funds.

Other Features

Several other types of bonds are used sufficiently often to warrant mention. First,
convertible bonds are bonds that are convertible into shares of common stock, at a
fixed price, at the option of the bondholder. Convertibles have a lower coupon rate
than nonconvertible debt, but they offer investors a chance for capital gains in ex-
change for the lower coupon rate. Bonds issued with warrants are similar to convert-
ibles. Warrants are options that permit the holder to buy stock for a stated price,
thereby providing a capital gain if the price of the stock rises. Bonds that are issued
with warrants, like convertibles, carry lower coupon rates than straight bonds.

Another type of bond is an income bond, which pays interest only if the interest is
earned. These securities cannot bankrupt a company, but from an investor’s standpoint
they are riskier than “regular” bonds. Yet another bond is the indexed, or purchasing
power, bond, which first became popular in Brazil, Israel, and a few other countries
plagued by high inflation rates. The interest rate paid on these bonds is based on an in-
flation index such as the consumer price index, so the interest paid rises automatically
when the inflation rate rises, thus protecting the bondholders against inflation. In Janu-
ary 1997, the U.S. Treasury began issuing indexed bonds, and they currently pay a rate
thatis roughly 1 to 4 percent plus the rate of inflation during the past year.

Self-Test Define floating rate bonds and zero coupon bonds.

Questions What problem was solved by the introduction of long-term floating rate debt,
and how is the rate on such bonds determined?

Why is a call provision advantageous to a bond issuer? When will the issuer initi-
ate a refunding call? Why?

What are the two ways a sinking fund can be handled? Which method will be
chosen by the firm if interest rates have risen? If interest rates have fallen?
Are securities that provide for a sinking fund regarded as being riskier than
those without this type of provision? Explain.

What is the difference between a call for sinking fund purposes and a re-
funding call?

Define convertible bonds, bonds with warrants, income bonds, and indexed
bonds.

Why do bonds with warrants and convertible bonds have lower coupons than
similarly rated bonds that do not have these features?

Bond Valuation

The value of any financial asset—a stock, a bond, a lease, or even a physical asset such
as an apartment building or a piece of machinery—is simply the present value of the
cash flows the asset is expected to produce.
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The cash flows from a specific bond depend on its contractual features as described
above. For a standard coupon-bearing bond such as the one issued by MicroDrive, the
cash flows consist of interest payments during the 15-year life of the bond, plus the
amount borrowed (generally the $1,000 par value) when the bond matures. In the case
of a floating rate bond, the interest payments vary over time. In the case of a zero
coupon bond, there are no interest payments, only the face amount when the bond ma-
tures. For a “regular” bond with a fixed coupon rate, here is the situation:

0 rq% 1 2 3 N
Bond’s lValue INT NT INT INT
M

Here

rq = the bond’s market rate of interest = 10%. This is the discount rate that is
used to calculate the present value of the bond’s cash flows. Note that ry is
not the coupon interest rate, and it is equal to the coupon rate only if (as in
this case) the bond is selling at par. Generally, most coupon bonds are is-
sued at par, which implies that the coupon rate is set at ry. Thereafter, in-
terest rates as measured by ry will fluctuate, but the coupon rate is fixed, so
rq will equal the coupon rate only by chance. We used the term “i” or “I” to
designate the interest rate in Chapter 2 because those terms are used on fi-
nancial calculators, but “r,” with the subscript “d” to designate the rate on a
debt security, is normally used in finance.®

N = the number of years before the bond matures = 15. Note that N declines
each year after the bond was issued, so a bond that had a maturity of 15
years when it was issued (original maturity = 15) will have N = 14 after
one year, N = 13 after two years, and so on. Note also that at this point we
assume that the bond pays interest once a year, or annually, so N is mea-
sured in years. Later on, we will deal with semiannual payment bonds,
which pay interest each six months.

INT = dollars of interest paid each year = Coupon rate X Par value =
0.10($1,000) = $100. In calculator terminology, INT = PMT = 100. If the
bond had been a semiannual payment bond, the payment would have been
$50 each six months. The payment would be zero if MicroDrive had issued
zero coupon bonds, and it would vary if the bond was a “floater.”

M = the par, or maturity, value of the bond = $1,000. This amount must be paid
off at maturity.

We can now redraw the time line to show the numerical values for all variables except
the bond’s value:

0 10% 1 2 3 15

Bond’s Value 100 100 100 100
1,000
1,100

The following general equation, written in several forms, can be solved to find the
value of any bond:

The appropriate interest rate on debt securities was discussed in Chapter 1. The bond’s risk, liquidity, and
years to maturity, as well as supply and demand conditions in the capital markets, all influence the interest
rate on bonds.



Present

Value

FIGURE 4-1

1
Payments 100
90.91 «—
82.64
75.13
68.30

Note that the cash flows consist of an annuity of N years plus a lump sum payment at
the end of Year N, and this fact is reflected in Equation 4-1. Further, Equation 4-1 can
be solved by the three procedures discussed in Chapter 2: (1) numerically, (2) with a fi-
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INT INT INT M
Bond’s value = Vi = o+ S —+ =

(1 aF I'd) (]. = I'd) (1 =F rd) (1 A rd)
S INT LM

S+t A+ Y @4-1)

1 - %
| 4, M
I'q (1 S I‘d)N

= INT(PVIFA,, ) + M(PVIF,, ).
Inserting values for our particular bond, we have

15
$100  $1,000
=> +
Ve (1.10)

= (1.10)"
1
b- A.D)" | $1,000
= $100 : + ==
$ 0.1 (L.n"

= $100(PVIFA g5 15) + $1,000(PVIF ;g 15).

nancial calculator, and (3) with a spreadsheet.

NUMERICAL SOLUTION:

Simply discount each cash flow back to the present and sum these PVs to find the
bond’s value; see Figure 4-1 for an example. This procedure is not very efficient, espe-
cially if the bond has many years to maturity. Alternatively, you could use the formula

2
100

Time Line for MicroDrive Inc.’s Bonds, 10% Interest Rate

3 4 5 6 7 8 9 10 11 12 13 14 15

100 100 100 100 100 100 100 100 100 100 100 100 100 + 1,000

62.09

56.45
51.32

46.65

4241
38.55

35.05

31.86
28.97

26.33

23.94 <

239.39 <

= 1,000.00 where ry = 10%.

153



154

Bonds and Their Valuation

in the third row of Equation 4-1 with a simple or scientific calculator, although this
would still be somewhat cumbersome.

FINANCIAL CALCULATOR SOLUTION

In Chapter 2, we worked problems where only four of the five time value of money
(TVM) keys were used. However, all five keys are used with bonds. Here is the setup:

Inputs: 15 10 100 1000
LU
Output: = —1,000

Simply input N = 15,1 =ry = 10, INT = PMT = 100, M = FV = 1000, and then
press the PV key to find the value of the bond, $1,000. Since the PV is an outflow to
the investor, it is shown with a negative sign. The calculator is programmed to solve
Equation 4-1: It finds the PV of an annuity of $100 per year for 15 years, discounted
at 10 percent, then it finds the PV of the $1,000 maturity payment, and then it adds
these two PVs to find the value of the bond. Notice that even though the time line in
Figure 4-1 shows a total of $1,100 at Year 15, you should not enter FV = 1100! When
you entered N = 15 and PMT = 100, you told the calculator that there is a $100 pay-
ment at Year 15. Thus, the FV = 1000 accounts for any extra payment at Year 15,
above and beyond the $100 payment.

SPREADSHEET SOLUTION

Here we want to find the PV of the cash flows, so we would use the PV function. Put
the cursor on Cell B10, click the function wizard then Financial, PV, and OK. Then
fill in the dialog box with Rate = 0.1 or F3, Nper = 15 or QS5, Pmt = 100 or C6,
FV = 1000 or Q7, and Type = 0 or leave it blank. Then, when you click OK, you will
get the value of the bond, —$1,000. Like the financial calculator solution, this is neg-
ative because the PMT and FV are positive.

An alternative, and in this case somewhat easier procedure given that the time line
has been created, is to use the NPV function. Click the function wizard, then Finan-

A B C D E F G H 1 J K L M N O P Q
1 Spreadsheet for bond value calculation
2 Going rate,
3 Coupon rate | 10% or yield 10%
4
5 Time 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14| 15
6 Interest Pmt 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
7 Maturity Pmt 1000
8 Total CF 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 1100
9
10 PV of CF 1000
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cial, NPV, and OK. Then input Rate = 0.1 or F3 and Value 1 = C8:Q8. Then click
OK to get the answer, $1,000.

Note that by changing the interest rate in F3, we can instantly find the value of the
bond at any other discount rate. Note also that Exce/ and other spreadsheet software
packages provide specialized functions for bond prices. For example, in Exce/ you
could use the function wizard to enter this formula:

= PRICE(Date(2003,1,3),Date(2018,1,3),10%,10%,100,1,0).

The first two arguments in the function give the current and maturity dates. The
next argument is the bond’s coupon rate, followed by the current market interest
rate, or yield. The fifth argument, 100, is the redemption value of the bond at matu-
rity, expressed as a percent of the face value. The sixth argument is the number of
payments per year, and the last argument, 0, tells the program to use the U.S. con-
vention for counting days, which is to assume 30 days per month and 360 days per
year. This function produces the value 100, which is the current price expressed as a
percent of the bond’s par value, which is $1,000. Therefore, you can multiply $1,000
by 100 percent to get the current price, which is $1,000. This function is essential if
a bond is being evaluated between coupon payment dates.

Changes in Bond Values over Time

At the time a coupon bond is issued, the coupon is generally set at a level that will
cause the market price of the bond to equal its par value. If a lower coupon were set,
investors would not be willing to pay $1,000 for the bond, while if a higher coupon
were set, investors would clamor for the bond and bid its price up over $1,000. Invest-
ment bankers can judge quite precisely the coupon rate that will cause a bond to sell at
its $1,000 par value.

A bond that has just been issued is known as a new issue. (Investment bankers clas-
sify a bond as a new issue for about one month after it has first been issued. New issues
are usually actively traded, and are called “on-the-run” bonds.) Once the bond has
been on the market for a while, it is classified as an outstanding bond, also called a sea-
soned issue. Newly issued bonds generally sell very close to par, but the prices of sea-
soned bonds vary widely from par. Except for floating rate bonds, coupon payments
are constant, so when economic conditions change, a bond with a $100 coupon that
sold at par when it was issued will sell for more or less than $1,000 thereafter.

MicroDrive’s bonds with a 10 percent coupon rate were originally issued at par. If
rq remained constant at 10 percent, what would the value of the bond be one year af-
ter it was issued? Now the term to maturity is only 14 years—that is, N = 14. With a
financial calculator, just override N = 15 with N = 14, press the PV key, and you find
a value of $1,000. If we continued, setting N = 13, N = 12, and so forth, we would see
that the value of the bond will remain at $1,000 as long as the going interest rate re-
mains constant at the coupon rate, 10 percent.”

"The bond prices quoted by brokers are calculated as described. However, if you bought a bond between in-
terest payment dates, you would have to pay the basic price plus accrued interest. Thus, if you purchased a Mi-
croDrive bond six months after it was issued, your broker would send you an invoice stating that you must pay
$1,000 as the basic price of the bond plus $50 interest, representing one-half the annual interest of $100. The
seller of the bond would receive $1,050. If you bought the bond the day before its interest payment date, you
would pay $1,000 + (364/365)($100) = $1,099.73. Of course, you would receive an interest payment of $100
at the end of the next day. See Self-Test Problem 1 for a detailed discussion of bond quotations between inter-
est payment dates.

Throughout the chapter, we assume that bonds are being evaluated immediately after an interest pay-
ment date. The more expensive financial calculators such as the HP-17B have a built-in calendar that per-
mits the calculation of exact values between interest payment dates, as do spreadsheet programs.
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Now suppose interest rates in the economy fell after the MicroDrive bonds were
issued, and, as a result, rq fell below the coupon rate, decreasing from 10 to 5 percent.
Both the coupon interest payments and the maturity value remain constant, but now 5
percent values for PVIF and PVIFA would have to be used in Equation 4-1. The value
of the bond at the end of the first year would be $1,494.93:

Vi = $100(PVIFAs0, 14) + $1,000(PVIFss, 1)
= $100(9.89864) + $1,000(0.50507)
= $989.86 + $505.07
— $1,494.93.

With a financial calculator, just change ry = I from 10 to 5, and then press the PV key
to get the answer, $1,494.93. Thus, if ry fell below the coupon rate, the bond would sell
above par, or at a premium.

The arithmetic of the bond value increase should be clear, but what is the logic be-
hind it? The fact that rq has fallen to 5 percent means that if you had $1,000 to invest,
you could buy new bonds like MicroDrive’s (every day some 10 to 12 companies sell
new bonds), except that these new bonds would pay $50 of interest each year rather
than $100. Naturally, you would prefer $100 to $50, so you would be willing to pay
more than $1,000 for a MicroDrive bond to obtain its higher coupons. All investors
would react similarly, and as a result, the MicroDrive bonds would be bid up in price
to $1,494.93, at which point they would provide the same rate of return to a potential
investor as the new bonds, 5 percent.

Assuming that interest rates remain constant at 5 percent for the next 14 years,
what would happen to the value of a MicroDrive bond? It would fall gradually from
$1,494.93 at present to $1,000 at maturity, when MicroDrive will redeem each bond
for $1,000. This point can be illustrated by calculating the value of the bond 1 year
later, when it has 13 years remaining to maturity. With a financial calculator, merely
input the values for N, I, PMT, and FV, now using N = 13, and press the PV key to
find the value of the bond, $1,469.68. Thus, the value of the bond will have fallen
from $1,494.93 to $1,469.68, or by $25.25. If you were to calculate the value of the
bond at other future dates, the price would continue to fall as the maturity date ap-
proached.

Note that if you purchased the bond at a price of $1,494.93 and then sold it one
year later with rq still at 5 percent, you would have a capital loss of $25.25, or a to-
tal return of $100.00 — $25.25 = $74.75. Your percentage rate of return would con-
sist of an interest yield (also called a current yield) plus a capital gains yield, calculated as
follows:

Interest, or current, yield = $100/$1,494.93 = 0.0669 = 6.69%
Capital gains yield = —$25.25/$1,494.93 = —0.0169 = —1.69%
Total rate of return, or yield = $74.75/$1,494.93 = 0.0500 =  5.00%

Had interest rates risen from 10 to 15 percent during the first year after issue
rather than fallen from 10 to 5 percent, then you would enter N = 14, I = 15,
PMT = 100, and FV = 1000, and then press the PV key to find the value of the

bond, $713.78. In this case, the bond would sell at a discount of $286.22 below its
par value:

Discount = Price — Par value = $713.78 — $1,000.00
= —$286.22.

The total expected future return on the bond would again consist of a current yield
and a capital gains yield, but now the capital gains yield would be positive. The total
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return would be 15 percent. To see this, calculate the price of the bond with 13 years
left to maturity, assuming that interest rates remain at 15 percent. With a calculator,
enter N = 13,1 = 15, PMT = 100, and FV = 1000, and then press PV to obtain the
bond’s value, $720.84.

Note that the capital gain for the year is the difference between the bond’s value at
Year 2 (with 13 years remaining) and the bond’s value at Year 1 (with 14 years remain-
ing), or $720.84 — $713.78 = $7.06. The interest yield, capital gains yield, and total
yield are calculated as follows:

Interest, or current, yield = $100/$713.78 = 0.1401 = 14.01%
Capital gains yield = $7.06/$713.78 = 0.0099 = 0.99%
Total rate of return, or yield = $107.06/$713.78 = 0.1500 = 15.00%

Figure 4-2 graphs the value of the bond over time, assuming that interest rates in
the economy (1) remain constant at 10 percent, (2) fall to 5 percent and then remain
constant at that level, or (3) rise to 15 percent and remain constant at that level. Of
course, if interest rates do not remain constant, then the price of the bond will fluctu-
ate. However, regardless of what future interest rates do, the bond’s price will ap-
proach $1,000 as it nears the maturity date (barring bankruptcy, in which case the
bond’s value might fall dramatically).

FIGURE 4-2 Time Path of the Value of a 10% Coupon, $1,000 Par Value
Bond When Interest Rates Are 5%, 10%, and 15%

Bond Value
W W $) Time Path of 10% Coupon Bond's Value When
' ry Falls to 5% and Remains There
1,495} ®» (Premium Bond)
See Ch 04 Tool Kit.xls for /
details. /-
/Time Path of Bond Value When r, = Coupon Rate = 10%
M = 1,000 M
\ (Par Bond)
\
\
7141 e

Time Path of 10% Coupon Bond's Value When
ry Rises to 15% and Remains There
(Discount Bond)

0 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years
Year rq = 5% rqg = 10% rq = 15%
0 = $1,000 —
1 $1,494.93 1,000 $713.78
15 1,000 1,000 1,000

Note: The curves for 5% and 15% have a slight bow.
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Self-Test
Questions

Bond Yields

Figure 4-2 illustrates the following key points:

1. Whenever the going rate of interest, ry, is equal to the coupon rate, a fived-rate
bond will sell at its par value. Normally, the coupon rate is set equal to the going
rate when a bond is issued, causing it to sell at par initially.

2. Interest rates do change over time, but the coupon rate remains fixed after the
bond has been issued. Whenever the going rate of interest rises above the coupon
rate, a fixed-rate bond’s price will fall below its par value. Such a bond is called a
discount bond.

3. Whenever the going rate of interest falls below the coupon rate, a fixed-rate bond’s
price will 7ise above its par value. Such a bond is called a premium bond.

4. Thus, an increase in interest rates will cause the prices of outstanding bonds to fa/l,
whereas a decrease in rates will cause bond prices to 7ise.

5. The market value of a bond will always approach its par value as its maturity date
approaches, provided the firm does not go bankrupt.

These points are very important, for they show that bondholders may suffer capital
losses or make capital gains, depending on whether interest rates rise or fall after the
bond was purchased. And, as we saw in Chapter 1, interest rates do indeed change
over time.

Explain, verbally, the following equation:

NoOINT M
Vg = + :
5= 2 I+ A+

t=1

What is meant by the terms “new issue” and “seasoned issue”?

Explain what happens to the price of a fixed-rate bond if (1) interest rates rise
above the bond's coupon rate or (2) interest rates fall below the bond’s coupon
rate.

Why do the prices of fixed-rate bonds fall if expectations for inflation rise?
What is a “discount bond"”? A “premium bond"”?

If you examine the bond market table of The Wall Street Fournal or a price sheet put
out by a bond dealer, you will typically see information regarding each bond’s maturity
date, price, and coupon interest rate. You will also see the bond’s reported yield. Un-
like the coupon interest rate, which is fixed, the bond’s yield varies from day to day de-
pending on current market conditions. Moreover, the yield can be calculated in three
different ways, and three “answers” can be obtained. These different yields are de-
scribed in the following sections.

Yield to Maturity

Suppose you were offered a 14-year, 10 percent annual coupon, $1,000 par value
bond at a price of $1,494.93. What rate of interest would you earn on your invest-
ment if you bought the bond and held it to maturity? This rate is called the bond’s
yield to maturity (YI'M), and it is the interest rate generally discussed by in-
vestors when they talk about rates of return. The yield to maturity is generally the
same as the market rate of interest, rq, and to find it, all you need to do is solve
Equation 4-1 for rg:
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1,000
S100 ., $100 $1,

Vg = $1,494.93 = ——— + )
B (1 + ry)" A+ ™ A+ "

You could substitute values for rgq until you find a value that “works” and forces the
sum of the PVs on the right side of the equal sign to equal $1,494.93. Alternatively,
you could substitute values of ry into the third form of Equation 4-1 until you find a
value that works.

Finding ry = YI'M by trial-and-error would be a tedious, time-consuming
process, but as you might guess, it is easy with a financial calculator.® Here is the setup:

Inputs: 14 —1494.93 100 1000
oo e (e
Output: =5

Simply enter N = 14, PV = —1494.93, PMT = 100, and FV = 1000, and then press
the I key. The answer, 5 percent, will then appear.

The yield to maturity is identical to the total rate of return discussed in the pre-
ceding section. The yield to maturity can also be viewed as the bond’s promzised rate of
return, which is the return that investors will receive if all the promised payments are
made. However, the yield to maturity equals the expected rate of return only if (1) the
probability of default is zero and (2) the bond cannot be called. If there is some default
risk, or if the bond may be called, then there is some probability that the promised
payments to maturity will not be received, in which case the calculated yield to matu-
rity will differ from the expected return.

The YTM for a bond that sells at par consists entirely of an interest yield, but if the
bond sells at a price other than its par value, the YTM will consist of the interest yield
plus a positive or negative capital gains yield. Note also that a bond’s yield to maturity
changes whenever interest rates in the economy change, and this is almost daily. One
who purchases a bond and holds it until it matures will receive the YT'M that existed
on the purchase date, but the bond’s calculated YT'M will change frequently between
the purchase date and the maturity date.

Yield to Call

If you purchased a bond that was callable and the company called it, you would not
have the option of holding the bond until it matured. Therefore, the yield to
maturity would not be earned. For example, if MicroDrive’s 10 percent coupon bonds
were callable, and if interest rates fell from 10 percent to 5 percent, then the company
could call in the 10 percent bonds, replace them with 5 percent bonds, and save
$100 — $50 = $50 interest per bond per year. This would be beneficial to the com-
pany, but not to its bondholders.

If current interest rates are well below an outstanding bond’s coupon rate, then a
callable bond is likely to be called, and investors will estimate its expected rate of re-
turn as the yield to call (YT'C) rather than as the yield to maturity. To calculate the
YTGC, solve this equation for rg:

INT Call price
arF rd)t 1+ I'd)N.

N
Price of bond = a 4-2)
t=1

¥You could also find the YTM with a spreadsheet. In Excel, you would use the RATE function for this bond,
inputting Nper = 14, Pmt = 100, Pv = —1494.93, Fv = 1000, 0 for Type, and leave Guess blank.
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Here N is the number of years until the company can call the bond; call price is the
price the company must pay in order to call the bond (it is often set equal to the par
value plus one year’s interest); and ry is the YT'C.

To illustrate, suppose MicroDrive’s bonds had a provision that permitted the
company, if it desired, to call the bonds 10 years after the issue date at a price of
$1,100. Suppose further that interest rates had fallen, and one year after issuance
the going interest rate had declined, causing the price of the bonds to rise to
$1,494.93. Here is the time line and the setup for finding the bond’s YT'C with a
financial calculator:

0 YIC="> 1 2 8 9
k } } A\ i 1
—1,494.93 100 100 100 100
1,100
9 —1494.93 100 1100
N ) e R

421 =YTC

The YT'Cis 4.21 percent—this is the return you would earn if you bought the bond at
a price of $1,494.93 and it was called nine years from today. (The bond could not be
called until 10 years after issuance, and one year has gone by, so there are nine years
left until the first call date.)

Do you think MicroDrive will call the bonds when they become callable?
MicroDrive’s action would depend on what the going interest rate is when the bonds
become callable. If the going rate remains at rqg = 5%, then MicroDrive could save
10% — 5% = 5%, or $50 per bond per year, by calling them and replacing the 10 per-
cent bonds with a new 5 percent issue. There would be costs to the company to refund
the issue, but the interest savings would probably be worth the cost, so MicroDrive
would probably refund the bonds. Therefore, you would probably earn YI'C = 4.21%
rather than YTM = 5% if you bought the bonds under the indicated conditions.

In the balance of this chapter, we assume that bonds are not callable unless other-
wise noted, but some of the end-of-chapter problems deal with yield to call.

Current Yield

If you examine brokerage house reports on bonds, you will often see reference to a
bond’s current yield. The current yield is the annual interest payment divided by the
bond’s current price. For example, if MicroDrive’s bonds with a 10 percent coupon
were currently selling at $985, the bond’s current yield would be 10.15 percent
($100/$985).

Unlike the yield to maturity, the current yield does not represent the rate of return
that investors should expect on the bond. The current yield provides information re-
garding the amount of cash income that a bond will generate in a given year, but since
it does not take account of capital gains or losses that will be realized if the bond is
held until maturity (or call), it does not provide an accurate measure of the bond’s to-
tal expected return.

The fact that the current yield does not provide an accurate measure of a bond’s
total return can be illustrated with a zero coupon bond. Since zeros pay no annual in-
come, they always have a current yield of zero. This indicates that the bond will not
provide any cash interest income, but since the bond will appreciate in value over
time, its total rate of return clearly exceeds zero.



Drinking Your Coupons

In 1996 Chateau Teyssier, an English vineyard, was looking
for some cash to purchase some additional vines and to mod-
ernize its production facilities. Their solution? With the as-
sistance of a leading underwriter, Matrix Securities, the vine-
yard issued 375 bonds, each costing 2,650 British pounds.
The issue raised nearly 1 million pounds, or roughly $1.5
million.

What makes these bonds interesting is that, instead of
getting paid with something boring like money, these
bonds paid their investors back with wine. Each June until
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“coupons.” Between 1997 and 2001, each bond provided six
cases of the vineyard’s rose or claret. Starting in 1998 and
continuing through maturity in 2002, investors also received
four cases of its prestigious Saint Emilion Grand Cru. Then,
in 2002, they got their money back.

The bonds were not without risk. The vineyard’s owner,
Jonathan Malthus, acknowledges that the quality of the
wine, “is at the mercy of the gods.”

Source: Steven Irvine, “My Wine Is My Bond, and I Drink My Coupons,”
Euromoney, July 1996, 7. Reprinted by permission.
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2002, when the bond matured, investors received their

Explain the difference between the yield to maturity and the yield to call.

Self-Test
Questions

How does a bond’s current yield differ from its total return?

Could the current yield exceed the total return?

Bonds with Semiannual Coupons

Although some bonds pay interest annually, the vast majority actually pay interest
semiannually. To evaluate semiannual payment bonds, we must modify the valuation
model (Equation 4-1) as follows:

1. Divide the annual coupon interest payment by 2 to determine the dollars of inter-
est paid each six months.

2. Multiply the years to maturity, N, by 2 to determine the number of semiannual pe-
riods.

3. Divide the nominal (quoted) interest rate, rq, by 2 to determine the periodic (semi-
annual) interest rate.

By making these changes, we obtain the following equation for finding the value of
a bond that pays interest semiannually:

2N
INT/2 M
Ve = + 41
BT A0+ (4t g™ (4-1a)

To illustrate, assume now that MicroDrive’s bonds pay $50 interest each six months
rather than $100 at the end of each year. Thus, each interest payment is only half as
large, but there are twice as many of them. The coupon rate is thus “10 percent, semi-
annual payments.” This is the nominal, or quoted, rate.”

°In this situation, the nominal coupon rate of “10 percent, semiannually,” is the rate that bond dealers, cor-
porate treasurers, and investors generally would discuss. Of course, the effective annual rate would be higher
than 10 percent at the time the bond was issued:
Nom \™ 0.10? B
EAR = EFF% = (1 + T) 1= <1 +T> —1=(1.05)" -1 = 10.25%.

Note also that 10 percent with annual payments is different than 10 percent with semiannual payments.
Thus, we have assumed a change in effective rates in this section from the situation in the preceding section,
where we assumed 10 percent with annual payments.
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Self-Test
Question
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When the going (nominal) rate of interest is 5 percent with semiannual com-
pounding, the value of this 15-year bond is found as follows:

Inputs: 30 2.5 50 1000
Output: = —1,523.26

Enter N = 30,r =1= 2.5, PMT = 50, FV = 1000, and then press the PV key to ob-
tain the bond’s value, $1,523.26. The value with semiannual interest payments is
slightly larger than $1,518.98, the value when interest is paid annually. This higher
value occurs because interest payments are received somewhat faster under semian-
nual compounding.

Describe how the annual bond valuation formula is changed to evaluate semian-
nual coupon bonds. Then, write out the revised formula.

Assessing the Risk of a Bond

Interest Rate Risk

As we saw in Chapter 1, interest rates go up and down over time, and an increase in
interest rates leads to a decline in the value of outstanding bonds. This risk of a de-
cline in bond values due to rising interest rates is called interest rate risk. To illus-
trate, suppose you bought some 10 percent MicroDrive bonds at a price of $1,000,
and interest rates in the following year rose to 15 percent. As we saw earlier, the price
of the bonds would fall to $713.78, so you would have a loss of $286.22 per bond.""
Interest rates can and do rise, and rising rates cause a loss of value for bondholders.
Thus, people or firms who invest in bonds are exposed to risk from changing inter-
est rates.

One’s exposure to interest rate risk is higher on bonds with long maturities than
on those maturing in the near future.'' This point can be demonstrated by showing
how the value of a 1-year bond with a 10 percent annual coupon fluctuates with
changes in ry, and then comparing these changes with those on a 14-year bond as
calculated previously. The 1-year bond’s values at different interest rates are shown
below:

'%You would have an accounting (and tax) loss only if you sold the bond; if you held it to maturity, you would
not have such a loss. However, even if you did not sell, you would still have suffered a rea/ economic loss in an
opportunity cost sense because you would have lost the opportunity to invest at 15 percent and would be stuck
with a 10 percent bond in a 15 percent market. In an economic sense, “paper losses” are just as bad as real-
ized accounting losses.

""Actually, a bond’s maturity and coupon rate both affect interest rate risk. Low coupons mean that most of
the bond’s return will come from repayment of principal, whereas on a high coupon bond with the same ma-
turity, more of the cash flows will come in during the early years due to the relatively large coupon pay-
ments. A measurement called “duration,” which finds the average number of years the bond’s PV of cash
flows remain outstanding, has been developed to combine maturity and coupons. A zero coupon bond,
which has no interest payments and whose payments all come at maturity, has a duration equal to the bond’s
maturity. Coupon bonds all have durations that are shorter than maturity, and the higher the coupon rate,
the shorter the duration. Bonds with longer duration are exposed to more interest rate risk.
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Value atrg = 5%:

Inputs: 1 5 100 1000
CO R
Output: —1,047.62 = 1-year bond’s
value atrg = 5%.
Value atrg = 10%:
Inputs: 1 10 100 1000
CO R
Output: —1,000.00 = 1-year bond’s
value atrg = 10%.
Value atrg = 15%:
Inputs: 1 15 100 1000
CU R
Output: —956.52 = 1-year bond’s

value atry = 15%.

You would obtain the first value with a financial calculator by entering N = 1,1 =5,
PMT = 100, and FV = 1000, and then pressing PV to get $1,047.62. With everything
still in your calculator, enter I = 10 to override the old I = 5, and press PV to find the
bond’s value at rqy = I = 10; it is $1,000. Then enter I = 15 and press the PV key to
find the last bond value, $956.52.

The values of the 1-year and 14-year bonds at several current market interest
rates are summarized and plotted in Figure 4-3. Note how much more sensitive the
price of the 14-year bond is to changes in interest rates. At a 10 percent interest
rate, both the 14-year and the 1-year bonds are valued at $1,000. When rates rise
to 15 percent, the 14-year bond falls to $713.78, but the 1-year bond only falls
to $956.52.

For bonds with similar coupons, this differential sensitivity to changes in interest rates al-
ways holds true—the longer the maturity of the bond, the more its price changes in response to
a given change in interest rates. Thus, even if the risk of default on two bonds is exactly
the same, the one with the longer maturity is exposed to more risk from a rise in
interest rates.'?

The logical explanation for this difference in interest rate risk is simple. Suppose
you bought a 14-year bond that yielded 10 percent, or $100 a year. Now suppose

"’If a 10-year bond were plotted in Figure 4-3, its curve would lie between those of the 14-year bond and
the 1-year bond. The curve of a 1-month bond would be almost horizontal, indicating that its price would
change very little in response to an interest rate change, but a 100-year bond (or a perpetuity) would have a
very steep slope. Also, zero coupon bond prices are quite sensitive to interest rate changes, and the longer
the maturity of the zero, the greater its price sensitivity. Therefore, 30-year zero coupon bonds have a huge
amount of interest rate risk.
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@

See Ch 04 Tool Kit.xls
for details.

FIGURE 4-3 Value of Long- and Short-Term 10% Annual Coupon Bonds
at Different Market Interest Rates
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Value of
Current Market 1-Year 14-Year
Interest Rate, ry Bond Bond
5% $1,047.62 $1,494.93
10 1,000.00 1,000.00
15 956.52 713.78
20 916.67 538.94
25 880.00 426.39

Note: Bond values were calculated using a financial calculator assuming annual, or once-a-year, compounding.

interest rates on comparable-risk bonds rose to 15 percent. You would be stuck with
only $100 of interest for the next 14 years. On the other hand, had you bought a
1-year bond, you would have a low return for only 1 year. At the end of the year, you
would get your $1,000 back, and you could then reinvest it and receive 15 percent, or
$150 per year, for the next 13 years. Thus, interest rate risk reflects the length of time
one is committed to a given investment.

As we just saw, the prices of long-term bonds are more sensitive to changes in in-
terest rates than are short-term bonds. To induce an investor to take this extra risk,
long-term bonds must have a higher expected rate of return than short-term bonds.
This additional return is the maturity risk premium (MRP), which we discussed in
Chapter 1. Therefore, one might expect to see higher yields on long-term than on
short-term bonds. Does this actually happen? Generally, the answer is yes. Recall
from Chapter 1 that the yield curve usually is upward sloping, which is consistent with
the idea that longer maturity bonds must have a higher expected rate of return to
compensate for their higher risk.
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Questions

Default Risk
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Reinvestment Rate Risk

As we saw in the preceding section, an increase in interest rates will hurt bondholders
because it will lead to a decline in the value of a bond portfolio. But can a decrease in in-
terest rates also hurt bondholders? The answer is yes, because if interest rates fall, a
bondholder will probably suffer a reduction in his or her income. For example, con-
sider a retiree who has a portfolio of bonds and lives off the income they produce. The
bonds, on average, have a coupon rate of 10 percent. Now suppose interest rates de-
cline to 5 percent. Many of the bonds will be called, and as calls occur, the bondholder
will have to replace 10 percent bonds with 5 percent bonds. Even bonds that are
not callable will mature, and when they do, they will have to be replaced with lower-
yielding bonds. Thus, our retiree will suffer a reduction of income.

The risk of an income decline due to a drop in interest rates is called reinvest-
ment rate risk, and its importance has been demonstrated to all bondholders in re-
cent years as a result of the sharp drop in rates since the mid-1980s. Reinvestment rate
risk is obviously high on callable bonds. It is also high on short maturity bonds, be-
cause the shorter the maturity of a bond, the fewer the years when the relatively high
old interest rate will be earned, and the sooner the funds will have to be reinvested at
the new low rate. Thus, retirees whose primary holdings are short-term securities,
such as bank CDs and short-term bonds, are hurt badly by a decline in rates, but hold-
ers of long-term bonds continue to enjoy their old high rates.

Comparing Interest Rate and Reinvestment Rate Risk

Note that interest rate risk relates to the value of the bonds in a portfolio, while rein-
vestment rate risk relates to the income the portfolio produces. If you hold long-term
bonds, you will face interest rate risk, that is, the value of your bonds will decline if
interest rates rise, but you will not face much reinvestment rate risk, so your income
will be stable. On the other hand, if you hold short-term bonds, you will not be ex-
posed to much interest rate risk, so the value of your portfolio will be stable, but you
will be exposed to reinvestment rate risk, and your income will fluctuate with changes
in interest rates.

We see, then, that no fixed-rate bond can be considered totally riskless—even most
Treasury bonds are exposed to both interest rate and reinvestment rate risk.'* One can
minimize interest rate risk by holding short-term bonds, or one can minimize rein-
vestment rate risk by holding long-term bonds, but the actions that lower one type of
risk increase the other. Bond portfolio managers try to balance these two risks, but
some risk generally remains in any bond.

Differentiate between interest rate risk and reinvestment rate risk.

To which type of risk are holders of long-term bonds more exposed? Short-term
bondholders?

Another important risk associated with bonds is default risk. If the issuer defaults, in-
vestors receive less than the promised return on the bond. Therefore, investors need
to assess a bond’s default risk before making a purchase. Recall from Chapter 1 that

YNote, though, that indexed Treasury bonds are essentially riskless, but they pay a relatively low real rate.
Also, risks have not disappeared—they are simply transferred from bondholders to taxpayers.
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the quoted interest rate includes a default risk premium—the greater the default risk,
the higher the bond’s yield to maturity. The default risk on Treasury securities is zero,
but default risk can be substantial for corporate and municipal bonds.

Suppose two bonds have the same promised cash flows, coupon rate, maturity, li-
quidity, and inflation exposure, but one bond has more default risk than the other. In-
vestors will naturally pay less for the bond with the greater chance of default. As a
result, bonds with higher default risk will have higher interest rates: rqy = r* + IP +
DRP + LP + MRP.

If its default risk changes, this will affect the price of a bond. For example, if the
default risk of the MicroDrive bonds increases, the bonds’ price will fall and the yield
to maturity (YITM = ry) will increase.

In this section we consider some issues related to default risk. First, we show that
corporations can influence the default risk of their bonds by changing the type of
bonds they issue. Second we discuss bond ratings, which are used to measure default
risk. Third, we describe the “junk bond market,” which is the market for bonds with a
relatively high probability of default. Finally, we consider bankruptcy and reorganiza-
tion, which affect how much an investor will recover if a default occurs.

Bond Contract Provisions That Influence Default Risk

Default risk is affected by both the financial strength of the issuer and the terms of the
bond contract, especially whether collateral has been pledged to secure the bond. Sev-
eral types of contract provisions are discussed below.

Bond Indentures An indenture is a legal document that spells out the rights of
both bondholders and the issuing corporation, and a trustee is an official (usually a
bank) who represents the bondholders and makes sure the terms of the indenture are
carried out. The indenture may be several hundred pages in length, and it will in-
clude restrictive covenants that cover such points as the conditions under which
the issuer can pay off the bonds prior to maturity, the levels at which certain of
the issuer’s ratios must be maintained if the company is to issue additional debt, and
restrictions against the payment of dividends unless earnings meet certain specifi-
cations.

The trustee is responsible for monitoring the covenants and for taking appropriate
action if a violation does occur. What constitutes “appropriate action” varies with the
circumstances. It might be that to insist on immediate compliance would result in
bankruptcy and possibly large losses on the bonds. In such a case, the trustee might
decide that the bondholders would be better served by giving the company a chance to
work out its problems and thus avoid forcing it into bankruptcy.

The Securities and Exchange Commission (1) approves indentures and (2) makes
sure that all indenture provisions are met before allowing a company to sell new secu-
rities to the public. Also, it should be noted that the indentures of many larger corpo-
rations were actually written in the 1930s or 1940s, and that many issues of new bonds
sold since then were covered by the same indenture. The interest rates on the bonds,
and perhaps also the maturities, vary depending on market conditions at the time of
each issue, but bondholders’ protection as spelled out in the indenture is the same for
all bonds of the same type. A firm will have different indentures for each of the major
types of bonds it issues. For example, one indenture will cover its first mortgage
bonds, another its debentures, and a third its convertible bonds.

Mortgage Bonds Under a mortgage bond, the corporation pledges certain assets
as security for the bond. To illustrate, in 2002 Billingham Corporation needed $10
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million to build a major regional distribution center. Bonds in the amount of $4
million, secured by a first mortgage on the property, were issued. (The remaining $6
million was financed with equity capital.) If Billingham defaults on the bonds, the
bondholders can foreclose on the property and sell it to satisfy their claims.

If Billingham chose to, it could issue second mortgage bonds secured by the same $10
million of assets. In the event of liquidation, the holders of these second mortgage
bonds would have a claim against the property, but only after the first mortgage bond-
holders had been paid off in full. Thus, second mortgages are sometimes called junior
mortgages, because they are junior in priority to the claims of senior mortgages, or first
mortgage bonds.

All mortgage bonds are subject to an indenture. The indentures of many major
corporations were written 20, 30, 40, or more years ago. These indentures are gener-
ally “open ended,” meaning that new bonds can be issued from time to time under the
same indenture. However, the amount of new bonds that can be issued is virtually al-
ways limited to a specified percentage of the firm’s total “bondable property,” which
generally includes all land, plant, and equipment.

For example, in the past Savannah Electric Company had provisions in its bond in-
denture that allowed it to issue first mortgage bonds totaling up to 60 percent of its
fixed assets. If its fixed assets totaled $1 billion, and if it had $500 million of first mort-
gage bonds outstanding, it could, by the property test, issue another $100 million of
bonds (60% of $1 billion = $600 million).

At times, Savannah Electric was unable to issue any new first mortgage bonds be-
cause of another indenture provision: its interest coverage ratio (pre-interest income
divided by interest expense) was below 2.5, the minimum coverage that it must have in
order to sell new bonds. Thus, although Savannah Electric passed the property test, it
failed the coverage test, so it could not issue any more first mortgage bonds. Savannah
Electric then had to finance with junior bonds. Because first mortgage bonds carried
lower interest rates, this restriction was costly.

Savannah Electric’s neighbor, Georgia Power Company, had more flexibility un-
der its indenture—its interest coverage requirement was only 2.0. In hearings before
the Georgia Public Service Commission, it was suggested that Savannah Electric
should change its indenture coverage to 2.0 so that it could issue more first mortgage
bonds. However, this was simply not possible—the holders of the outstanding bonds
would have to approve the change, and they would not vote for a change that would
seriously weaken their position.

Debentures A debenture is an unsecured bond, and as such it provides no lien
against specific property as security for the obligation. Debenture holders are, there-
fore, general creditors whose claims are protected by property not otherwise pledged.
In practice, the use of debentures depends both on the nature of the firm’s assets and
on its general credit strength. Extremely strong companies often use debentures; they
simply do not need to put up property as security for their debt. Debentures are also
issued by weak companies that have already pledged most of their assets as collateral
for mortgage loans. In this latter case, the debentures are quite risky, and they will
bear a high interest rate.

Subordinated Debentures 'The term subordinate means “below,” or “inferior to,”
and, in the event of bankruptcy, subordinated debt has claims on assets only after se-
nior debt has been paid off. Subordinated debentures may be subordinated either to
designated notes payable (usually bank loans) or to all other debt. In the event of li-
quidation or reorganization, holders of subordinated debentures cannot be paid until
all senior debt, as named in the debentures’ indenture, has been paid.
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Development Bonds Some companies may be in a position to benefit from the sale
of either development bonds or pollution control bonds. State and local govern-
ments may set up both industrial development agencies and pollution control agencies.
These agencies are allowed, under certain circumstances, to sell tax-exempt bonds,
then to make the proceeds available to corporations for specific uses deemed (by Con-
gress) to be in the public interest. Thus, an industrial development agency in Florida
might sell bonds to provide funds for a paper company to build a plant in the Florida
Panhandle, where unemployment is high. Similarly, a Detroit pollution control
agency might sell bonds to provide Ford with funds to be used to purchase pollution
control equipment. In both cases, the income from the bonds would be tax exempt to
the holders, so the bonds would sell at relatively low interest rates. Note, however,
that these bonds are guaranteed by the corporation that will use the funds, not by a
governmental unit, so their rating reflects the credit strength of the corporation using

the funds.

Municipal Bond Insurance Municipalities can have their bonds insured, which
means that an insurance company guarantees to pay the coupon and principal pay-
ments should the issuer default. This reduces risk to investors, who will thus accept
a lower coupon rate for an insured bond vis-a-vis an uninsured one. Even though
the municipality must pay a fee to get its bonds insured, its savings due to the lower
coupon rate often makes insurance cost-effective. Keep in mind that the insurers are
private companies, and the value added by the insurance depends on the creditwor-
thiness of the insurer. However, the larger ones are strong companies, and their own
ratings are AAA. Therefore, the bonds they insure are also rated AAA, regardless of
the credit strength of the municipal issuer. Bond ratings are discussed in the next
section.

Bond Ratings

Since the early 1900s, bonds have been assigned quality ratings that reflect their prob-
ability of going into default. The three major rating agencies are Moody’s Investors
Service (Moody’s), Standard & Poor’s Corporation (S&P), and Fitch Investors Ser-
vice. Moody’ and S&P% rating designations are shown in Table 4-1."* The triple- and
double-A bonds are extremely safe. Single-A and triple-B bonds are also strong
enough to be called investment grade bonds, and they are the lowest-rated bonds
that many banks and other institutional investors are permitted by law to hold.
Double-B and lower bonds are speculative, or junk bonds. These bonds have a

*In the discussion to follow, reference to the S&P code is intended to imply the Moody’s and Fitch’s codes
as well. Thus, triple-B bonds mean both BBB and Baa bonds; double-B bonds mean both BB and Ba bonds;
and so on.

TABLE 4-1 Moody's and S&P Bond Ratings

Investment Grade Junk Bonds
Moody's Aaa Aa A Baa Ba B Caa @
S&P AAA AA A BBB BB B CCC D

Note: Both Moody's and S&P use “modifiers” for bonds rated below triple-A. S&P uses a plus and minus system;
thus, A+ designates the strongest A-rated bonds and A— the weakest. Moody’s uses a 1, 2, or 3 designation, with
1 denoting the strongest and 3 the weakest; thus, within the double-A category, Aa1 is the best, Aa2 is average,
and Aa3 is the weakest.
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significant probability of going into default. A later section discusses junk bonds in
more detail.

Bond Rating Criteria Bond ratings are based on both qualitative and quantitative
factors, some of which are listed below:

1.

10.

11.

12.

13.

14.

15.

Various ratios, including the debt ratio, the times-interest-earned ratio, and the
EBITDA coverage ratio. The better the ratios, the higher the rating."®

. Mortgage provisions: Is the bond secured by a mortgage? If it is, and if the prop-

erty has a high value in relation to the amount of bonded debt, the bond’ rating is
enhanced.

. Subordination provisions: Is the bond subordinated to other debt? If so, it will be

rated at least one notch below the rating it would have if it were not subordinated.
Conversely, a bond with other debt subordinated to it will have a somewhat
higher rating.

. Guarantee provisions: Some bonds are guaranteed by other firms. If a weak com-

pany’s debt is guaranteed by a strong company (usually the weak company’s par-
ent), the bond will be given the strong company’s rating.

. Sinking fund: Does the bond have a sinking fund to ensure systematic repayment?

"This feature is a plus factor to the rating agencies.

. Maturity: Other things the same, a bond with a shorter maturity will be judged

less risky than a longer-term bond, and this will be reflected in the ratings.

. Stability: Are the issuer’s sales and earnings stable?
. Regulation: Is the issuer regulated, and could an adverse regulatory climate cause

the company’s economic position to decline? Regulation is especially important
for utilities and telephone companies.

. Antitrust: Are any antitrust actions pending against the firm that could erode its

position?

Overseas operations: What percentage of the firm’s sales, assets, and profits are
from overseas operations, and what is the political climate in the host countries?
Environmental factors: Is the firm likely to face heavy expenditures for pollution
control equipment?

Product liability: Are the firm’s products safe? The tobacco companies today are
under pressure, and so are their bond ratings.

Pension liabilities: Does the firm have unfunded pension liabilities that could pose
a future problem?

Labor unrest: Are there potential labor problems on the horizon that could
weaken the firm’s position? As this is written, a number of airlines face this prob-
lem, and it has caused their ratings to be lowered.

Accounting policies: If a firm uses relatively conservative accounting policies, its
reported earnings will be of “higher quality” than if it uses less conservative pro-
cedures. Thus, conservative accounting policies are a plus factor in bond ratings.

Representatives of the rating agencies have consistently stated that no precise formula
is used to set a firm’s rating; all the factors listed, plus others, are taken into account,
but not in a mathematically precise manner. Nevertheless, as we see in Table 4-2,
there is a strong correlation between bond ratings and many of the ratios described in
Chapter 10. Not surprisingly, companies with lower debt ratios, higher cash flow to
debt, higher returns on capital, higher EBITDA interest coverage ratios, and EBI'T
interest coverage ratios typically have higher bond ratings.

1See Chapter 10 for an explanation of these and other ratios.
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TABLE 4-2 Bond Rating Criteria; Three-Year (1998-2000) Median Financial Ratios
for Different Bond Rating Classifications
Ratios® AAA AA A BBB BB B CCC
EBIT interest coverage (EBIT/Interest) 21.4% 10.1% 6.1X 3.7X 2.1% 0.8% 0.1X
EBITDA interest coverage (EBITDA/Interest) 26.5 12.9 9.1 5.8 3.4 1.8 1.3
Funds from operations/Total debt 84.2 25.2 15.0 8.5 2.6 (3.2) (12.9)
Free operating cash flow/Total debt 128.8 55.4 432 30.8 18.8 7.8 1.6
Return on capital 34.9 21.7 19.4 13.6 1.6 6.6 1.0
Operating income/Sales 27.0 22.1 18.6 15.4 15.9 1.9 11.9
Long-term debt/Long-term capital 13.3 28.2 33.9 42.5 57.2 69.7 68.8
Total debt/Total capital 22.9 37.7 42.5 48.2 62.6 74.8 87.7

Note:

2See the Source for a detailed definition of the ratios.

Source: Reprinted with permission of Standard & Poor’s, A Division of The McGraw-Hill Companies.
http://www.standardandpoors.com/ResourceCenter/RatingsCriteria/CorporateFinance/2001CorporateRatingsCriteria.html.

Importance of Bond Ratings Bond ratings are important both to firms and to
investors. First, because a bond’s rating is an indicator of its default risk, the rating has a
direct, measurable influence on the bond’ interest rate and the firm’s cost of debt. Sec-
ond, most bonds are purchased by institutional investors rather than individuals, and
many institutions are restricted to investment-grade securities. Thus, if a firm’s bonds
fall below BBB, it will have a difficult time selling new bonds because many potential
purchasers will not be allowed to buy them. In addition, the covenants may stipulate
that the interest rate is automatically increased if the rating falls below a specified level.

As a result of their higher risk and more restricted market, lower-grade bonds have
higher required rates of return, rg, than high-grade bonds. Figure 4-4 illustrates this
point. In each of the years shown on the graph, U.S. government bonds have had the
lowest yields, AAAs have been next, and BBB bonds have had the highest yields. The
figure also shows that the gaps between yields on the three types of bonds vary over
time, indicating that the cost differentials, or risk premiums, fluctuate from year to
year. This point is highlighted in Figure 4-5, which gives the yields on the three types
of bonds and the risk premiums for AAA and BBB bonds in June 1963 and August
2001."® Note first that the risk-free rate, or vertical axis intercept, rose 1.5 percentage
points from 1963 to 2001, primarily reflecting the increase in realized and anticipated
inflation. Second, the slope of the line has increased since 1963, indicating an increase
in investors’ risk aversion. Thus, the penalty for having a low credit rating varies over
time. Occasionally, as in 1963, the penalty is quite small, but at other times it is large.
These slope differences reflect investors’ aversion to risk.

The term risk premium ought to reflect only the difference in expected (and required) returns between two
securities that results from differences in their risk. However, the differences between yields to maturity on
different types of bonds consist of (1) a true risk premium; (2) a liquidity premium, which reflects the fact
that U.S. Treasury bonds are more readily marketable than most corporate bonds; (3) a call premium, be-
cause most Treasury bonds are not callable whereas corporate bonds are; and (4) an expected loss differen-
tial, which reflects the probability of loss on the corporate bonds. As an example of the last point, suppose
the yield to maturity on a BBB bond was 8.0 percent versus 5.5 percent on government bonds, but there was
a 5 percent probability of total default loss on the corporate bond. In this case, the expected return on the
BBB bond would be 0.95(8.0%) + 0.05(0%) = 7.6%, and the risk premium would be 2.1 percent, not the
full 2.5 percentage points difference in “promised” yields to maturity. Because of all these points, the risk
premiums given in Figure 4-5 overstate somewhat the true (but unmeasurable) theoretical risk premiums.
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FIGURE 4-4 Yields on Selected Long-Term Bonds, 1960-2001
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Source: Federal Reserve Board, Historical Chart Book, 1983, and Federal Reserve Bulletin: http://www.federalreserve.gov/releases.

Changes in Ratings Changes in a firm’s bond rating affect both its ability to borrow
long-term capital and the cost of that capital. Rating agencies review outstanding
bonds on a periodic basis, occasionally upgrading or downgrading a bond as a result of
its issuer’s changed circumstances. For example, in October 2001, Standard & Poor’s
reported that it had raised the rating on King Pharmaceuticals Inc. to BB+ from BB
due to the “continued success of King Pharmaceuticals’ lead product, the cardiovascu-
lar drug Altace, as well as the company’s increasing sales diversity, growing financial
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FIGURE 4-5
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flexibility, and improved financial profile.”’” However, S&P also reported that Xerox
Corporation’s senior unsecured debt had been downgraded from a BBB— to a BB+
due to expectations of lower operating income in 2001 and 2002.

Junk Bonds

Prior to the 1980s, fixed-income investors such as pension funds and insurance com-
panies were generally unwilling to buy risky bonds, so it was almost impossible for
risky companies to raise capital in the public bond markets. Then, in the late 1970s,
Michael Milken of the investment banking firm Drexel Burnham Lambert, relying on
historical studies that showed that risky bonds yielded more than enough to compen-
sate for their risk, began to convince institutional investors of the merits of purchasing
risky debt. Thus was born the “junk bond,” a high-risk, high-yield bond issued to fi-

nance a leveraged buyout, a merger, or a troubled company.'® For example, Public

"7See the Standard & Poor’s web site for this and other changes in ratings:
http://www.standardandpoors.com/RatingsActions/RatingsNews/CorporateFinance/index.html.

¥ Another type of junk bond is one that was highly rated when it was issued but whose rating has fallen be-
cause the issuing corporation has fallen on hard times. Such bonds are called “fallen angels.”



In 1995, Santa Fe Pacific Company made the final payment
on some outstanding bonds that were originally issued in
1881! While the bonds were paid off in full, their history has
been anything but routine.

Since the bonds were issued in 1881, investors have seen
Santa Fe go through two bankruptcy reorganizations, two
depressions, several recessions, two world wars, and the col-
lapse of the gold standard. Through it all, the company re-
mained intact, although ironically it did agree to be acquired
by Burlington Northern just prior to the bonds’ maturity.

When the bonds were issued in 1881, they had a 6 per-
cent coupon. After a promising start, competition in the rail-
road business, along with the Depression of 1893, dealt a
crippling one-two punch to the company’s fortunes. After
two bankruptcy reorganizations—and two new management
teams—the company got back on its feet, and in 1895 it re-
placed the original bonds with new 100-year bonds. The
new bonds, sanctioned by the Bankruptcy Court, matured in
1995 and carried a 4 percent coupon. However, they also
had a wrinkle that was in effect until 1900—the company
could skip the coupon payment if, in management’s opinion,
earnings were not sufficiently high to service the debt. After
1900, the company could no longer just ignore the coupon,

Bonds and Their Valuation

but it did have the option of deferring the payments if man-
agement deemed deferral necessary. In the late 1890s, Santa
Fe did skip the interest, and the bonds sold at an all-time low
of $285 (28.5% of par) in 1896. The bonds reached a peak in
1946, when they sold for $1,312.50 in the strong, low inter-
est rate economy after World War II.

Interestingly, the bonds’ principal payment was originally
pegged to the price of gold, meaning that the principal re-
ceived at maturity would increase if the price of gold in-
creased. This type of contract was declared invalid in 1933
by President Roosevelt and Congress, and the decision was
upheld by the Supreme Court in a 5-4 vote. If just one
Supreme Court justice had gone the other way, then, due to
an increase in the price of gold, the bonds would have been
worth $18,626 rather than $1,000 when they matured in
1995!

In many ways, the saga of the Santa Fe bonds is a testa-
ment to the stability of the U.S. financial system. On the
other hand, it illustrates the many types of risks that in-
vestors face when they purchase long-term bonds. Investors
in the 100-year bonds issued by Disney and Coca-Cola,
among others, should perhaps take note.

Service of New Hampshire financed construction of its troubled Seabrook nuclear
plant with junk bonds, and junk bonds were used by Ted Turner to finance the devel-
opment of CNN and Turner Broadcasting. In junk bond deals, the debt ratio is gen-
erally extremely high, so the bondholders must bear as much risk as stockholders nor-
mally would. The bonds’ yields reflect this fact—a promised return of 25 percent per
annum was required to sell some Public Service of New Hampshire bonds.

The emergence of junk bonds as an important type of debt is another example of
how the investment banking industry adjusts to and facilitates new developments in
capital markets. In the 1980s, mergers and takeovers increased dramatically. People
like 'T. Boone Pickens and Henry Kravis thought that certain old-line, established
companies were run inefficiently and were financed too conservatively, and they
wanted to take these companies over and restructure them. Michael Milken and his
staff at Drexel Burnham Lambert began an active campaign to persuade certain insti-
tutions (often S&Ls) to purchase high-yield bonds. Milken developed expertise in
putting together deals that were attractive to the institutions yet feasible in the sense
that projected cash flows were sufficient to meet the required interest payments. The
fact that interest on the bonds was tax deductible, combined with the much higher
debt ratios of the restructured firms, also increased after-tax cash flows and helped
make the deals feasible.

The development of junk bond financing has done much to reshape the U.S. fi-
nancial scene. The existence of these securities contributed to the loss of indepen-
dence of Gulf Oil and hundreds of other companies, and it led to major shake-ups in
such companies as CBS, Union Carbide, and USX (formerly U.S. Steel). It also caused

173



174

Bonds and Their Valuation

Drexel Burnham Lambert to leap from essentially nowhere in the 1970s to become
the most profitable investment banking firm during the 1980s.

The phenomenal growth of the junk bond market was impressive, but controver-
sial. In 1989, Drexel Burnham Lambert was forced into bankruptcy, and “junk bond
king” Michael Milken, who had earned $500 million two years earlier, was sent to jail.
Those events led to the collapse of the junk bond market in the early 1990s. Since
then, however, the junk bond market has rebounded, and junk bonds are here to stay
as an important form of corporate financing.

Bankruptcy and Reorganization

During recessions, bankruptcies normally rise, and recent recessions are no exception.
The 1991-1992 casualties included Pan Am, Carter Hawley Hale Stores, Continental
Airlines, R. H. Macy & Company, Zale Corporation, and McCrory Corporation. The
recession beginning in 2001 has already claimed Kmart and Enron, and there will
likely be more bankruptcies in 2002 if the economy continues to decline. Because of
its importance, a brief discussion of bankruptcy is warranted.

When a business becomes insolvent, it does not have enough cash to meet its inter-
est and principal payments. A decision must then be made whether to dissolve the firm
through /iguidation or to permit it to reorganize and thus stay alive. These issues are ad-
dressed in Chapters 7 and 11 of the federal bankruptcy statutes, and the final decision
is made by a federal bankruptcy court judge.

The decision to force a firm to liquidate versus permit it to reorganize depends on
whether the value of the reorganized firm is likely to be greater than the value of the
firm’s assets if they are sold off piecemeal. In a reorganization, the firm’s creditors ne-
gotiate with management on the terms of a potential reorganization. The reorgani-
zation plan may call for a restructuring of the firm’s debt, in which case the interest
rate may be reduced, the term to maturity lengthened, or some of the debt may be
exchanged for equity. The point of the restructuring is to reduce the financial charges
to a level that the firm’ cash flows can support. Of course, the common stockholders
also have to give up something—they often see their position diluted as a result of ad-
ditional shares being given to debtholders in exchange for accepting a reduced
amount of debt principal and interest. In fact, the original common stockholders of-
ten end up with nothing. A trustee may be appointed by the court to oversee the re-
organization, but generally the existing management is allowed to retain control.

Liquidation occurs if the company is deemed to be too far gone to be saved—if it
is worth more dead than alive. If the bankruptcy court orders a liquidation, assets are
sold off and the cash obtained is distributed as specified in Chapter 7 of the Bank-
ruptcy Act. Here is the priority of claims:

1. Secured creditors are entitled to the proceeds from the sale of the specific prop-
erty that was used to support their loans.

The trustee’s costs of administering and operating the bankrupt firm are next in line.
Expenses incurred after bankruptcy was filed come next.

Wages due workers, up to a limit of $2,000 per worker, follow.

Claims for unpaid contributions to employee benefit plans are next. This amount,
together with wages, cannot exceed $2,000 per worker.

Unsecured claims for customer deposits up to $900 per customer are sixth in line.
Federal, state, and local taxes due come next.

Unfunded pension plan liabilities are next although some limitations exist.
General unsecured creditors are ninth on the list.

Preferred stockholders come next, up to the par value of their stock.

Common stockholders are finally paid, if anything is left, which is rare.
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Self-Test
Questions
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The key points for you to know are (1) the federal bankruptcy statutes govern both
reorganization and liquidation, (2) bankruptcies occur frequently, and (3) a priority
of the specified claims must be followed when distributing the assets of a liquidated
firm.

Differentiate between mortgage bonds and debentures.

Name the major rating agencies, and list some factors that affect bond
ratings.

Why are bond ratings important both to firms and to investors?
For what purposes have junk bonds typically been used?

Differentiate between a Chapter 7 liquidation and a Chapter 11 reorganization.
When would each be used?

List the priority of claims for the distribution of a liquidated firm’s assets.

Corporate bonds are traded primarily in the over-the-counter market. Most bonds are
owned by and traded among the large financial institutions (for example, life insurance
companies, mutual funds, and pension funds, all of which deal in very large blocks of
securities), and it is relatively easy for the over-the-counter bond dealers to arrange
the transfer of large blocks of bonds among the relatively few holders of the bonds. It
would be much more difficult to conduct similar operations in the stock market, with
its literally millions of large and small stockholders, so a higher percentage of stock
trades occur on the exchanges.

Information on bond trades in the over-the-counter market is not published, but a
representative group of bonds is listed and traded on the bond division of the NYSE
and is reported on the bond market page of The Wall Street Fournal. Bond data are also
available on the Internet, at sites such as http://www.bondsonline. Figure 4-6 reports
data for selected bonds of BellSouth Corporation. Note that BellSouth actually had
more than ten bond issues outstanding, but Figure 4-6 reports data for only ten bonds.

The bonds of BellSouth and other companies can have various denominations, but
for convenience we generally think of each bond as having a par value of $1,000—this is
how much per bond the company borrowed and how much it must someday repay.
However, since other denominations are possible, for trading and reporting purposes
bonds are quoted as percentages of par. Looking at the fifth bond listed in the data in
Figure 4-6, we see that the bond is of the series that pays a 7 percent coupon, or
0.07($1,000) = $70.00 of interest per year. The BellSouth bonds, and most others, pay
interest semiannually, so all rates are nominal, not EAR rates. This bond matures and
must be repaid on October 1, 2025; it is not shown in the figure, but this bond was is-
sued in 1995, so it had a 30-year original maturity. The price shown in the last column is
expressed as a percentage of par, 106.00 percent, which translates to $1,060.00. This
bond has a yield to maturity of 6.501 percent. The bond is not callable, but several oth-
ers in Figure 4-6 are callable. Note that the eighth bond in Figure 4-6 has a yield to call
of only 3.523 percent compared with its yield to maturity of 7.270 percent, indicating
that investors expect BellSouth to call the bond prior to maturity.

Coupon rates are generally set at levels that reflect the “going rate of interest” on
the day a bond is issued. If the rates were set lower, investors simply would not buy the
bonds at the $1,000 par value, so the company could not borrow the money it needed.
Thus, bonds generally sell at their par values on the day they are issued, but their
prices fluctuate thereafter as interest rates change.
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FIGURE 4-6 Selected Bond Market Data

S&P

Bond Issue Coupon Yield to Yield to

Rating Name Rate Maturity Date® Maturity Call® Price®
A+ BellSouth 6.375 6/15/2004 3.616 NC 106.843
A+ BellSouth 7.000 2/1/2005 4.323 NC 108.031
A+ BellSouth 5.875 1/15/2009 5.242 NC 103.750
A+ BellSouth 7.750 2/15/2010 5.478 NC 114.962
A+ BellSouth 7.000 10/1/2025 6.501 NC 106.000
A+ BellSouth 6.375 6/1/2028 6.453 NC 99.000
A+ BellSouth 7.875 2/15/2030 6.581 NC 116.495
A+ BellSouth 7.875 08-01-2032C 7.270 3.523 107.375
A+ BellSouth 7.500 06-15-2033C 7.014 6.290 106.125
A+ BellSouth 7.625 05-15-2035C 7.169 6.705 105.750

Notes:

2C denotes a callable bond.
PNC indicates the bond is not callable.
“The price is reported as a percentage of par.

Source: 10/25/01, http://www.bondsonline.com. At the top of the web page, select the icon for Bond Search,
then select the button for Corporate. When the bond-search dialog box appears, type in BellSouth for Issue and
click the Find Bonds button. Reprinted by permission.

As shown in Figure 4-7, the BellSouth bonds initially sold at par, but then fell be-
low par in 1996 when interest rates rose. The price rose above par in 1997 and 1998
when interest rates fell, but the price fell again in 1999 and 2000 after increases in in-
terest rates. It rose again in 2001 when interest rates fell. The dashed line in Figure 4-7

FIGURE 4-7 BellSouth 7%, 30-Year Bond: Market Value as
Interest Rates Change

Bond Value
1,200 |
Actual Price of the
B 7% Coupon Bond
o ® Bond's Projected Price
if Interest Rates Remain
/ Constant from 2001 to 2025
1,000 = —
900 |
O L L L L L L L L L L L L L L L L L L L L 1 L L L L L L L L J
1995 2000 2005 2010 2015 2020 2025

Note: The line from 2001 to 2025 appears linear, but it actually has a slight downward curve.
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shows the projected price of the bonds, in the unlikely event that interest rates remain
constant from 2001 to 2025. Looking at the actual and projected price history of these
bonds, we see (1) the inverse relationship between interest rates and bond values and
(2) the fact that bond values approach their par values as their maturity date ap-
proaches.

Why do most bond trades occur in the over-the-counter market?

If a bond issue is to be sold at par, how will its coupon rate be determined?

This chapter described the different types of bonds governments and corporations is-
sue, explained how bond prices are established, and discussed how investors estimate
the rates of return they can expect to earn. We also discussed the various types of risks
that investors face when they buy bonds.

It is important to remember that when an investor purchases a company’s bonds,
that investor is providing the company with capital. Therefore, when a firm issues
bonds, the return that investors receive represents the cost of debt financing for the issuing
company. This point is emphasized in Chapter 6, where the ideas developed in this
chapter are used to help determine a company’s overall cost of capital, which is a basic
component in the capital budgeting process.

The key concepts covered are summarized below.

e Abond is a long-term promissory note issued by a business or governmental unit.
The issuer receives money in exchange for promising to make interest payments
and to repay the principal on a specified future date.

e Some recent innovations in long-term financing include zero coupon bonds,
which pay no annual interest but that are issued at a discount; floating rate debt,
whose interest payments fluctuate with changes in the general level of interest
rates; and junk bonds, which are high-risk, high-yield instruments issued by firms
that use a great deal of financial leverage.

e A call provision gives the issuing corporation the right to redeem the bonds prior
to maturity under specified terms, usually at a price greater than the maturity value
(the difference is a call premium). A firm will typically call a bond if interest rates
fall substantially below the coupon rate.

e A redeemable bond gives the investor the right to sell the bond back to the issu-
ing company at a previously specified price. This is a useful feature (for investors)
if interest rates rise or if the company engages in unanticipated risky activities.

e A sinking fund is a provision that requires the corporation to retire a portion of
the bond issue each year. The purpose of the sinking fund is to provide for the or-
derly retirement of the issue. A sinking fund typically requires no call premium.

e The value of a bond is found as the present value of an annuity (the interest pay-
ments) plus the present value of a lump sum (the principal). The bond is evaluated
at the appropriate periodic interest rate over the number of periods for which
interest payments are made.

® The equation used to find the value of an annual coupon bond is:

INT + M
1 + I'cl)t (1 + I‘d)N'

N
V= 2

An adjustment to the formula must be made if the bond pays interest semi-
annually: divide INT and r4 by 2, and multiply N by 2.
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Questions

4-5

e The return earned on a bond held to maturity is defined as the bond’ yield to
maturity (YI'M). If the bond can be redeemed before maturity, it is callable, and the
return investors receive if it is called is defined as the yield to call (YT'C). The YI'C
is found as the present value of the interest payments received while the bond is out-
standing plus the present value of the call price (the par value plus a call premium).

e The longer the maturity of a bond, the more its price will change in response to a
given change in interest rates; this is called interest rate risk. However, bonds
with short maturities expose investors to high reinvestment rate risk, which is
the risk that income from a bond portfolio will decline because cash flows received
from bonds will be rolled over at lower interest rates.

e Corporate and municipal bonds have default risk. If an issuer defaults, investors
receive less than the promised return on the bond. Therefore, investors should
evaluate a bond’s default risk before making a purchase.

e There are many different types of bonds with different sets of features. These in-
clude convertible bonds, bonds with warrants, income bonds, purchasing
power (indexed) bonds, mortgage bonds, debentures, subordinated deben-
tures, junk bonds, development bonds, and insured municipal bonds. The re-
turn required on each type of bond is determined by the bond’s riskiness.

e Bonds are assigned ratings that reflect the probability of their going into default.
The highest rating is AAA, and they go down to D. The higher a bond’s rating, the

lower its risk and therefore its interest rate.

Define each of the following terms:

. Bond; Treasury bond; corporate bond; municipal bond; foreign bond

. Par value; maturity date; coupon payment; coupon interest rate

. Floating rate bond; zero coupon bond; original issue discount bond (OID)
Call provision; redeemable bond; sinking fund

. Convertible bond; warrant; income bond; indexed, or purchasing power, bond
. Premium bond; discount bond

. Current yield (on a bond); yield to maturity (YTM); yield to call (YTC)

. Reinvestment risk; interest rate risk; default risk

. Indentures; mortgage bond; debenture; subordinated debenture

j- Development bond; municipal bond insurance; junk bond; investment-grade bond

e TR 0 B0 TR

“The values of outstanding bonds change whenever the going rate of interest changes. In gen-
eral, short-term interest rates are more volatile than long-term interest rates. Therefore, short-
term bond prices are more sensitive to interest rate changes than are long-term bond prices.” Is
this statement true or false? Explain.

The rate of return you would get if you bought a bond and held it to its maturity date is called the
bond’ yield to maturity. If interest rates in the economy rise after a bond has been issued, what will
happen to the bond’s price and to its YTM? Does the length of time to maturity affect the extent to
which a given change in interest rates will affect the bond’s price?

If you buy a callable bond and interest rates decline, will the value of your bond rise by as much
as it would have risen if the bond had not been callable? Explain.

A sinking fund can be set up in one of two ways:

(1) The corporation makes annual payments to the trustee, who invests the proceeds in secu-
rities (frequently government bonds) and uses the accumulated total to retire the bond is-
sue at maturity.

(2) The trustee uses the annual payments to retire a portion of the issue each year, either call-
ing a given percentage of the issue by a lottery and paying a specified price per bond or buy-
ing bonds on the open market, whichever is cheaper.

Discuss the advantages and disadvantages of each procedure from the viewpoint of both the

firm and its bondholders.
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Self-Test Problems (Solutions Appear in Appendix A)

ST-1
BOND VALUATION

ST-2
SINKING FUND
Problems
4-1

BOND VALUATION

4-2
YIELD TO MATURITY: FINANCIAL
CALCULATOR NEEDED

4-3
YIELD TO MATURITY AND CALL;
FINANCIAL CALCULATOR
NEEDED

4-4
CURRENT YIELD

4-5
BOND VALUATION; FINANCIAL
CALCULATOR NEEDED

The Pennington Corporation issued a new series of bonds on January 1, 1979. The bonds were
sold at par ($1,000), have a 12 percent coupon, and mature in 30 years, on December 31, 2008.
Coupon payments are made semiannually (on June 30 and December 31).

a. What was the YT'M of Pennington’s bonds on January 1, 1979?

b. What was the price of the bond on January 1, 1984, 5 years later, assuming that the level of
interest rates had fallen to 10 percent?

c. Find the current yield and capital gains yield on the bond on January 1, 1984, given the price
as determined in part b.

d. On July 1, 2002, Pennington’s bonds sold for $916.42. What was the YTM at that date?

e. What were the current yield and capital gains yield on July 1, 2002?

f. Now, assume that you purchased an outstanding Pennington bond on March 1, 2002, when
the going rate of interest was 15.5 percent. How large a check must you have written to com-
plete the transaction? This is a hard question! (Hint: PVIFA; ;54,3 = 8.0136 and
PVIF7'75%’13 = 03789)

The Vancouver Development Company has just sold a $100 million, 10-year, 12 percent bond

issue. A sinking fund will retire the issue over its life. Sinking fund payments are of equal

amounts and will be made semziannually, and the proceeds will be used to retire bonds as the pay-
ments are made. Bonds can be called at par for sinking fund purposes, or the funds paid into the
sinking fund can be used to buy bonds in the open market.

a. How large must each semiannual sinking fund payment be?

b. What will happen, under the conditions of the problem thus far, to the company’s debt ser-
vice requirements per year for this issue over time?

c. Now suppose Vancouver Development set up its sinking fund so that equal annual amounts,
payable at the end of each year, are paid into a sinking fund trust held by a bank, with the pro-
ceeds being used to buy government bonds that pay 9 percent interest. The payments, plus
accumulated interest, must total $100 million at the end of 10 years, and the proceeds will be
used to retire the bonds at that time. How large must the annual sinking fund payment be
now?

d. What are the annual cash requirements for covering bond service costs under the trusteeship
arrangement described in part c¢? (Note: Interest must be paid on Vancouver’s outstanding
bonds but not on bonds that have been retired.)

e. What would have to happen to interest rates to cause the company to buy bonds on the open
market rather than call them under the original sinking fund plan?

Callaghan Motors’ bonds have 10 years remaining to maturity. Interest is paid annually, the
bonds have a $1,000 par value, and the coupon interest rate is 8 percent. The bonds have a yield
to maturity of 9 percent. What is the current market price of these bonds?

Wilson Wonders’ bonds have 12 years remaining to maturity. Interest is paid annually, the
bonds have a $1,000 par value, and the coupon interest rate is 10 percent. The bonds sell at a
price of $850. What is their yield to maturity?

Thatcher Corporation’s bonds will mature in 10 years. The bonds have a face value of $1,000 and
an 8 percent coupon rate, paid semiannually. The price of the bonds is $1,100. The bonds are
callable in 5 years ata call price of $1,050. What s the yield to maturity? What s the yield to call?

Heath Foods’ bonds have 7 years remaining to maturity. The bonds have a face value of $1,000
and a yield to maturity of 8 percent. They pay interest annually and have a 9 percent coupon
rate. What is their current yield?

Nungesser Corporation has issued bonds that have a 9 percent coupon rate, payable semiannu-
ally. The bonds mature in 8 years, have a face value of $1,000, and a yield to maturity of 8.5 per-
cent. What is the price of the bonds?
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4-6
BOND VALUATION

4-7
YIELD TO MATURITY

4-8
YIELD TO CALL

4-9
BOND YIELDS; FINANCIAL
CALCULATOR NEEDED

4-10
YIELD TO MATURITY; FINANCIAL
CALCULATOR NEEDED

4-11
CURRENT YIELD; FINANCIAL
CALCULATOR NEEDED

4-12
NOMINAL INTEREST RATE

4-13
BOND VALUATION

4-14
INTEREST RATE SENSITIVITY:
FINANCIAL CALCULATOR
NEEDED

The Garraty Company has two bond issues outstanding. Both bonds pay $100 annual interest

plus $1,000 at maturity. Bond L has a maturity of 15 years, and Bond S a maturity of 1 year.

a. What will be the value of each of these bonds when the going rate of interest is (1) 5 percent,
(2) 8 percent, and (3) 12 percent? Assume that there is only one more interest payment to be
made on Bond S.

b. Why does the longer-term (15-year) bond fluctuate more when interest rates change than
does the shorter-term bond (1-year)?

The Heymann Company’s bonds have 4 years remaining to maturity. Interest is paid annually;

the bonds have a $1,000 par value; and the coupon interest rate is 9 percent.

a. What is the yield to maturity at a current market price of (1) $829 or (2) $1,104?

b. Would you pay $829 for one of these bonds if you thought that the appropriate rate of in-
terest was 12 percent—that is, if ry = 12%? Explain your answer.

Sixyears ago, The Singleton Company sold a 20-year bond issue with a 14 percent annual coupon
rate and a 9 percent call premium. Today, Singleton called the bonds. The bonds originally were
sold at their face value of $1,000. Compute the realized rate of return for investors who purchased
the bonds when they were issued and who surrender them today in exchange for the call price.

A 10-year, 12 percent semiannual coupon bond, with a par value of $1,000, may be called in 4
years at a call price of $1,060. The bond sells for $1,100. (Assume that the bond has just been
issued.)

a. What is the bond’s yield to maturity?

b. What is the bond’s current yield?

c. What is the bond’s capital gain or loss yield?

d. What is the bond’s yield to call?

You just purchased a bond which matures in 5 years. The bond has a face value of $1,000, and
has an 8 percent annual coupon. The bond has a current yield of 8.21 percent. What is the
bond’s yield to maturity?

A bond which matures in 7 years sells for $1,020. The bond has a face value of $1,000 and a
yield to maturity of 10.5883 percent. The bond pays coupons semiannually. What is the bond’s
current yield?

Lloyd Corporation’s 14 percent coupon rate, semiannual payment, $1,000 par value bonds,
which mature in 30 years, are callable 5 years from now at a price of $1,050. The bonds sell at a
price of $1,353.54, and the yield curve is flat. Assuming that interest rates in the economy are
expected to remain at their current level, what is the best estimate of Lloyd’s nominal interest
rate on new bonds?

Suppose Ford Motor Company sold an issue of bonds with a 10-year maturity, a2 $1,000 par

value, a 10 percent coupon rate, and semiannual interest payments.

a. Two years after the bonds were issued, the going rate of interest on bonds such as these fell
to 6 percent. At what price would the bonds sell?

b. Suppose that, 2 years after the initial offering, the going interest rate had risen to 12 percent.
At what price would the bonds sell?

c. Suppose that the conditions in part a existed—that is, interest rates fell to 6 percent 2 years
after the issue date. Suppose further that the interest rate remained at 6 percent for the
next 8 years. What would happen to the price of the Ford Motor Company bonds over
time?

A bond trader purchased each of the following bonds at a yield to maturity of 8 percent. Imme-
diately after she purchased the bonds, interest rates fell to 7 percent. What is the percentage
change in the price of each bond after the decline in interest rates? Fill in the following table:

Price @ 8% Price @ 7% Percentage Change

10-year, 10% annual coupon
10-year zero

5-year zero
30-year zero
$100 perpetuity
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An investor has two bonds in his portfolio. Each bond matures in 4 years, has a face value of

$1,000, and has a yield to maturity equal to 9.6 percent. One bond, Bond C, pays an annual

coupon of 10 percent, the other bond, Bond Z, is a zero coupon bond.

a. Assuming that the yield to maturity of each bond remains at 9.6 percent over the next 4
years, what will be the price of each of the bonds at the following time periods? Fill in the
following table:

Py

Price of Bond C Price of Bond Z

A~ W N = O

b. Plot the time path of the prices for each of the two bonds.

Spreadsheet Problem

4-16
BUILD A MODEL:
BOND VALUATION

See Ch 04 Show.ppt and
Ch 04 Mini Case.xls.

Start with the partial model in the file Ch 04 P16 Build a Model.xls from the textbook’s web
site. Rework Problem 4-9. After completing parts a through d, answer the following related
questions.

e. How would the price of the bond be affected by changing interest rates? (Hint: Conduct a
sensitivity analysis of price to changes in the yield to maturity, which is also the going mar-
ket interest rate for the bond. Assume that the bond will be called if and only if the going rate
of interest falls below the coupon rate. That is an oversimplification, but assume it anyway for
purposes of this problem.)

f. Now assume that the date is 10/25/2002. Assume further that our 12 percent, 10-year bond
was issued on 7/1/2002, is callable on 7/1/2006 at $1,060, will mature on 6/30/2012, pays in-
terest semiannually (January 1 and July 1), and sells for $1,100. Use your spreadsheet to find
(1) the bond’s yield to maturity and (2) its yield to call.

Robert Balik and Carol Kiefer are vice-presidents of Mutual of Chicago Insurance Company
and codirectors of the company’s pension fund management division. A major new client, the
California League of Cities, has requested that Mutual of Chicago present an investment semi-
nar to the mayors of the represented cities, and Balik and Kiefer, who will make the actual pre-
sentation, have asked you to help them by answering the following questions. Because the Walt
Disney Company operates in one of the league’s cities, you are to work Disney into the presen-
tation.

a. What are the key features of a bond?

b. What are call provisions and sinking fund provisions? Do these provisions make bonds

more or less risky?

c. How is the value of any asset whose value is based on expected future cash flows determined?

d. How is the value of a bond determined? What is the value of a 10-year, $1,000 par value

bond with a 10 percent annual coupon if its required rate of return is 10 percent?

e. (1) What would be the value of the bond described in part d if| just after it had been issued,
the expected inflation rate rose by 3 percentage points, causing investors to require a 13
percent return? Would we now have a discount or a premium bond? (If you do not have
a financial calculator, PVIF 34, 10 = 0.2946; PVIFA 34, 10 = 5.4262.)

(2) What would happen to the bond’s value if inflation fell, and ryq declined to 7 percent?
Would we now have a premium or a discount bond?

(3) What would happen to the value of the 10-year bond over time if the required rate of
return remained at 13 percent, or if it remained at 7 percent? (Hint: With a financial
calculator, enter PMT, I, FV, and N, and then change (override) N to see what happens
to the PV as the bond approaches maturity.)
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. (1) What is the yield to maturity on a 10-year, 9 percent, annual coupon, $1,000 par value

bond that sells for $887.00? That sells for $1,134.20?7 What does the fact that a bond
sells at a discount or at a premium tell you about the relationship between ry and the
bond’s coupon rate?

(2) What are the total return, the current yield, and the capital gains yield for the discount
bond? (Assume the bond is held to maturity and the company does not default on the

bond.)

. What is interest rate (or price) risk¢ Which bond has more interest rate risk, an annual pay-

ment 1-year bond or a 10-year bond? Why?

. What is reinvestment rate risk¢ Which has more reinvestment rate risk, a 1-year bond or a

10-year bond?

i. How does the equation for valuing a bond change if semiannual payments are made? Find

the value of a 10-year, semiannual payment, 10 percent coupon bond if nominal ry = 13%.
(Hint: PVIFGAS%,ZO = (.2838 and PVIFA6.5%,20 = 110185)

j. Suppose you could buy, for $1,000, either a 10 percent, 10-year, annual payment bond or a

10 percent, 10-year, semiannual payment bond. They are equally risky. Which would you
prefer? If $1,000 is the proper price for the semiannual bond, what is the equilibrium price
for the annual payment bond?

. Suppose a 10-year, 10 percent, semiannual coupon bond with a par value of $1,000 is cur-

rently selling for $1,135.90, producing a nominal yield to maturity of 8 percent. However,

the bond can be called after 5 years for a price of $1,050.

(1) What is the bond’s nominal yield to call Y'TC)?

(2) If you bought this bond, do you think you would be more likely to earn the YTM or the
YTC? Why?

. Disney’s bonds were issued with a yield to maturity of 7.5 percent. Does the yield to matu-

rity represent the promised or expected return on the bond?

. Disney’s bonds were rated AA— by S&P. Would you consider these bonds investment grade

or junk bonds?

. What factors determine a company’s bond rating?
. If this firm were to default on the bonds, would the company be immediately liquidated?

Would the bondholders be assured of receiving all of their promised payments?

Selected Additional References and Cases

Many investment textbooks cover bond valuation models in depth
and detail. Some of the better ones are listed in the Chapter 3
references.

For some recent works on valuation, see

Bey, Roger P, and J. Markham Collins, “The Relationship
between Before- and After-Tax Yields on Financial As-
sets,” The Financial Review, August 1988, 313-343.

Taylor, Richard W., “The Valuation of Semiannual Bonds
Between Interest Payment Dates,” The Financial Review,
August 1988, 365-368.

Tse, K. S. Maurice, and Mark A. White, “The Valuation of
Semiannual Bonds between Interest Payment Dates: A
Correction,” Financial Review, November 1990, 659-662.

The following cases in the Cases in Financial Management
series cover many of the valuation concepts contained in Chapter 4.

Case 3, “Peachtree Securities, Inc. (B);” Case 43, “Swan
Davis;” Case 49, “Beatrice Peabody;” and Case 56,
“Laura Henderson.”
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From slightly less than 4000 in early 1995, the Dow surged to 11723 in early 2000. To
put this remarkable 7723-point rise in perspective, consider that the Dow first reached
1000 in 1965, then took another 22 years to hit 2000, then four more years to reach
3000, and another four to get to 4000 (in 1995). Then, in just over five years, it
reached 11723. Thus, in those five years investors made almost twice as much in the
stock market as they made in the previous 70 years!

That bull market made it possible for many people to take early retirement, buy
expensive homes, and afford large expenditures such as college tuition. Encouraged
by this performance, more and more investors flocked to the market, and today more
than 79 million Americans own stock. Moreover, a rising stock market made it easier
and cheaper for corporations to raise equity capital, which facilitated economic
growth.

However, some observers were concerned that many investors did not realize
just how risky the stock market can be. There was no guarantee that the market would
continue to rise, and even in bull markets some stocks crash and burn. Indeed, several
times during 2001 the market fell to below 10000 and surged above 11000. In fact,
the market fell all the way to 8236 in the days following the September 11, 2001, ter-
rorist attacks.

Note too that while all boats may rise with the tide, the same does not hold for
the stock market—regardless of the trend, some individual stocks make huge gains
while others suffer substantial losses. For example, in 2001, Lowe’s stock rose more
than 108 percent, but during this same period Enron lost nearly 100 percent of its
value.

While it is difficult to predict prices, we are not completely in the dark when it
comes to valuing stocks. After studying this chapter, you should have a reasonably
good understanding of the factors that influence stock prices. With that knowledge—
and a little luck—you may be able to find the next Lowe's and avoid future Enrons.
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The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 05
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

In Chapter 4 we examined bonds. We now turn to common and preferred stock, be-
ginning with some important background material that helps establish a framework
for valuing these securities.

While it is generally easy to predict the cash flows received from bonds, forecast-
ing the cash flows on common stocks is much more difficult. However, two fairly
straightforward models can be used to help estimate the “true,” or intrinsic, value of a
common stock: (1) the dividend growth model, which we describe in this chapter, and
(2) the total corporate value model, which we explain in Chapter 12.

The concepts and models developed here will also be used when we estimate the
cost of capital in Chapter 6. In subsequent chapters, we demonstrate how the cost of
capital is used to help make many important decisions, especially the decision to invest
or not invest in new assets. Consequently, it is critically important that you understand
the basics of stock valuation.

Legal Rights and Privileges of Common Stockholders

The common stockholders are the owners of a corporation, and as such they have cer-
tain rights and privileges as discussed in this section.

Control of the Firm

Its common stockholders have the right to elect a firm’s directors, who, in turn, elect
the officers who manage the business. In a small firm, the largest stockholder typically
assumes the positions of president and chairperson of the board of directors. In a
large, publicly owned firm, the managers typically have some stock, but their personal
holdings are generally insufficient to give them voting control. Thus, the manage-
ments of most publicly owned firms can be removed by the stockholders if the man-
agement team is not effective.

State and federal laws stipulate how stockholder control is to be exercised. First,
corporations must hold an election of directors periodically, usually once a year, with
the vote taken at the annual meeting. Frequently, one-third of the directors are elected
each year for a three-year term. Each share of stock has one vote; thus, the owner of
1,000 shares has 1,000 votes for each director." Stockholders can appear at the annual
meeting and vote in person, but typically they transfer their right to vote to a second
party by means of a proxy. Management always solicits stockholders’ proxies and usu-
ally gets them. However, if earnings are poor and stockholders are dissatisfied, an out-
side group may solicit the proxies in an effort to overthrow management and take con-
trol of the business. This is known as a proxy fight. Proxy fights are discussed in detail
in Chapter 12.

The Preemptive Right

Common stockholders often have the right, called the preemptive right, to purchase
any additional shares sold by the firm. In some states, the preemptive right is auto-
matically included in every corporate charter; in others, it is necessary to insert it
specifically into the charter.

Tn the situation described, a 1,000-share stockholder could cast 1,000 votes for each of three directors if
there were three contested seats on the board. An alternative procedure that may be prescribed in the cor-
porate charter calls for cumulative voting. Here the 1,000-share stockholder would get 3,000 votes if there
were three vacancies, and he or she could cast all of them for one director. Cumulative voting helps small
groups to get representation on the board.
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The preemptive right enables current stockholders to maintain control and prevents
a transfer of wealth from current stockholders to new stockholders. If it were not for this
safeguard, the management of a corporation could issue a large number of additional
shares and purchase these shares itself. Management could thereby seize control of the
corporation and steal value from the current stockholders. For example, suppose 1,000
shares of common stock, each with a price of $100, were outstanding, making the total
market value of the firm $100,000. If an additional 1,000 shares were sold at $50 a share,
or for $50,000, this would raise the total market value to $150,000. When total market
value is divided by new total shares outstanding, a value of $75 a share is obtained. The
old stockholders thus lose $25 per share, and the new stockholders have an instant profit
of $25 per share. Thus, selling common stock at a price below the market value would
dilute its price and transfer wealth from the present stockholders to those who were al-
lowed to purchase the new shares. The preemptive right prevents such occurrences.

Self-Test What is a proxy fight?
Questions What are the two primary reasons for the existence of the preemptive right?

Types of Common Stock

Although most firms have only one type of common stock, in some instances classi-
fied stock is used to meet the special needs of the company. Generally, when special
classifications are used, one type is designated Class A, another Class B, and so on.
Small, new companies seeking funds from outside sources frequently use different
types of common stock. For example, when Genetic Concepts went public recently, its
Class A stock was sold to the public and paid a dividend, but this stock had no voting
rights for five years. Its Class B stock, which was retained by the organizers of the
company, had full voting rights for five years, but the legal terms stated that dividends
could not be paid on the Class B stock until the company had established its earning
power by building up retained earnings to a designated level. The use of classified
stock thus enabled the public to take a position in a conservatively financed growth
company without sacrificing income, while the founders retained absolute control
during the crucial early stages of the firm’s development. At the same time, outside in-
vestors were protected against excessive withdrawals of funds by the original owners.
As is often the case in such situations, the Class B stock was called founders’ shares.

Note that “Class A,” “Class B,” and so on, have no standard meanings. Most firms
have no classified shares, but a firm that does could designate its Class B shares as
founders’ shares and its Class A shares as those sold to the public, while another could
reverse these designations. Still other firms could use stock classifications for entirely
different purposes. For example, when General Motors acquired Hughes Aircraft for
$5 billion, it paid in part with a new Class H common, GMH, which had limited vot-
ing rights and whose dividends were tied to Hughes’s performance as a GM subsidiary.
The reasons for the new stock were reported to be (1) that GM wanted to limit voting
privileges on the new classified stock because of management’s concern about a possi-
ble takeover and (2) that Hughes employees wanted to be rewarded more directly on
Hughes’s own performance than would have been possible through regular GM stock.

GM’s deal posed a problem for the NYSE, which had a rule against listing a com-
pany’s common stock if the company had any nonvoting common stock outstanding.
GM made it clear that it was willing to delist if the NYSE did not change its rules. The
NYSE concluded that such arrangements as GM had made were logical and were
likely to be made by other companies in the future, so it changed its rules to accom-
modate GM. In reality, though, the NYSE had little choice. In recent years, the
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Self-Test
Question

Nasdaq market has proven that it can provide a deep, liquid market for common
stocks, and the defection of GM would have hurt the NYSE much more than GM.

As these examples illustrate, the right to vote is often a distinguishing characteris-
tic between different classes of stock. Suppose two classes of stock differ in but one re-
spect: One class has voting rights but the other does not. As you would expect, the
stock with voting rights would be more valuable. In the United States, which has a le-
gal system with fairly strong protection for minority stockholders (that is, noncontrol-
ling stockholders), voting stock typically sells at a price 4 to 6 percent above that of
otherwise similar nonvoting stock. Thus, if a stock with no voting rights sold for $50,
then one with voting rights would probably sell for $52 to $53. In those countries with
legal systems that provide less protection for minority stockholders, the right to vote
is far more valuable. For example, voting stock on average sells for 45 percent more
than nonvoting stock in Israel, and for 82 percent more in Italy.

As we noted above, General Motors created its Class H common stock as a part
of its acquisition of Hughes Aircraft. This type of stock, with dividends tied to a par-
ticular part of a company, is called tracking stock. It also is called target stock. Al-
though GM used its tracking stock in an acquisition, other companies are attempting
to use such stock to increase shareholder value. For example, in 1995 US West had
several business areas with very different growth prospects, ranging from slow-
growth local telephone services to high-growth cellular, cable television, and direc-
tory services. US West felt that investors were unable to correctly value its high-
growth lines of business, since cash flows from slow-growth and high-growth
businesses were mingled. To separate the cash flows and to allow separate valuations,
the company issued tracking stocks. Other companies in the telephone industry, such
as Sprint, have also issued tracking stock. Similarly, Georgia-Pacific Corp. issued
tracking stock for its timber business, and USX Corp. has tracking stocks for its oil,
natural gas, and steel divisions. Despite this trend, many analysts are skeptical as to
whether tracking stock increases a company’s total market value. Companies still re-
port consolidated financial statements for the entire company, and they have consid-
erable leeway in allocating costs and reporting the financial results for the various di-
visions, even those with tracking stock. Thus, a tracking stock is not the same as the
stock of an independent, stand-alone company.

What are some reasons a company might use classified stock?

The Market for Common Stock

Some companies are so small that their common stocks are not actively traded; they
are owned by only a few people, usually the companies’ managers. Such firms are said
to be privately owned, or closely held, corporations, and their stock is called closely
held stock. In contrast, the stocks of most larger companies are owned by a large num-
ber of investors, most of whom are not active in management. Such companies are
called publicly owned corporations, and their stock is called publicly beld stock.

As we saw in Chapter 1, the stocks of smaller publicly owned firms are not listed
on a physical location exchange or Nasdag; they trade in the over-the-counter (OTC)
market, and the companies and their stocks are said to be unlisted. However, larger
publicly owned companies generally apply for listing on a formal exchange, and they
and their stocks are said to be /isted. Many companies are first listed on Nasdaq or on
a regional exchange, such as the Pacific Coast or Midwest exchanges. Once they be-
come large enough to be listed on the “Big Board,” many, but by no means all, choose
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to move to the NYSE. One of the largest companies in the world in terms of market
value, Microsoft, trades on the Nasdaq market, as do most other high-tech firms.

A recent study found that institutional investors owned more than 60 percent of all
publicly held common stocks. Included are pension plans, mutual funds, foreign in-
vestors, insurance companies, and brokerage firms. These institutions buy and sell rel-
atively actively, so they account for about 75 percent of all transactions. Thus, institu-
tional investors have a heavy influence on the prices of individual stocks.

Types of Stock Market Transactions
We can classify stock market transactions into three distinct types:

1. Trading in the outstanding shares of established, publicly owned companies: the secondary
market. MicroDrive Inc., a company we analyze throughout the book, has 50 mil-
lion shares of stock outstanding. If the owner of 100 shares sells his or her stock,
the trade is said to have occurred in the secondary market. Thus, the market for
outstanding shares, or used shares, is the secondary market. The company receives
no new money when sales occur in this market.

2. Additional shares sold by established, publicly owned companies: the primary market. 1t
MicroDrive decides to sell (or issue) an additional 1 million shares to raise new eq-
uity capital, this transaction is said to occur in the primary market.’

3. Initial public offerings by privately held firms: the IPO market. Several years ago, the
Coors Brewing Company, which was owned by the Coors family at the time, de-
cided to sell some stock to raise capital needed for a major expansion program.’
This type of transaction is called going public—whenever stock in a closely held
corporation is offered to the public for the first time, the company is said to be go-
ing public. The market for stock that is just being offered to the public is called the
initial public offering (IPO) market.

IPOs have received a lot of attention in recent years, primarily because a num-
ber of “hot” issues have realized spectacular gains—often in the first few minutes of
trading. Consider the IPO of Boston Rotisserie Chicken, which has since been re-
named Boston Market and acquired by McDonald’s. The company’s underwriter,
Merrill Lynch, set an offering price of $20 a share. However, because of intense
demand for the issue, the stock’s price rose 75 percent within the first two hours of
trading. By the end of the first day, the stock price had risen by 143 percent, and the
company’s end-of-the-day market value was $800 million—which was particularly
startling, given that it had recently reported a $5 million loss on only $8.3 million
of sales. More recently, shares of the trendy restaurant chain Planet Hollywood
rose nearly 50 percent in its first day of trading, and when Netscape first hit the
market, its stock’s price hit $70 a share versus an offering price of only $28 a share.”

"Table 5-1 lists the best performing and the worst performing IPOs of 2001, and
it shows how they performed from their offering dates through year-end 2001. As

*MicroDrive has 60 million shares authorized but only 50 million outstanding; thus, it has 10 million au-
thorized but unissued shares. If it had no authorized but unissued shares, management could increase the
authorized shares by obtaining stockholders’ approval, which would generally be granted without any argu-
ments.

¥The stock Coors offered to the public was designated Class B, and it was nonvoting. The Coors family re-
tained the founders’ shares, called Class A stock, which carried full voting privileges. The company was
large enough to obtain an NYSE listing, but at that time the Exchange had a requirement that listed com-
mon stocks must have full voting rights, which precluded Coors from obtaining an NYSE listing.

“If someone bought Boston Chicken or Planet Hollywood at the initial offering price and sold the shares
shortly thereafter, he or she would have done well. A long-term holder would have fared less well—both
companies later went bankrupt. Netscape was in serious trouble, but it was sold to AOL in 1998.
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Martha Bodyslams WWF

During the week of October 18, 1999, both Martha Stewart
Living Omnimedia Inc. and the World Wrestling Federa-
tion (WWEF) went public in IPOs. This created a lot of pub-
lic interest, and it led to media reports comparing the two
companies. Both deals attracted strong investor demand,
and both were well received. In its first day of trading,
WWPEF stock closed above $25, an increase of nearly 49 per-
cent above its $17 offering price. Martha Stewart did even

Both stocks generated a lot of interest, but when the hype
died down, astute investors recognized that both stocks have
risk. Indeed, one month later, WWF had declined to just
above $21, while Martha Stewart had fallen to $28 a share.
Many analysts believe that over the long term WWEF may
have both more upside potential and less risk. However,
Martha Stewart has a devoted set of investors, so despite all
the uncertainty, the one certainty is that this battle is far

better—it closed a little above $37, which was 105 percent from over.
above its $18 offering price. This performance led CBS
MarketWatch reporter Steve Gelsi to write an online report Source: Steve Gelsi, “Martha Bodyslams the WWE” http:/cbs.

marketwatch.com, October 19, 1999.

entitled, “Martha Bodyslams the WWE!”

the table shows, not all IPOs are as well received as were Netscape and Boston
Chicken. Moreover, even if you are able to identify a “hot” issue, it is often difficult
to purchase shares in the initial offering. These deals are generally oversubscribed,
which means that the demand for shares at the offering price exceeds the number of
shares issued. In such instances, investment bankers favor large institutional in-
vestors (who are their best customers), and small investors find it hard, if not im-
possible, to get in on the ground floor. They can buy the stock in the after-market,
but evidence suggests that if you do not get in on the ground floor, the average IPO
underperforms the overall market over the longer run.’

Before you conclude that it isn’t fair to let only the best customers have the
stock in an initial offering, think about what it takes to become a best customer.
Best customers are usually investors who have done lots of business in the past with
the investment banking firm’s brokerage department. In other words, they have
paid large sums as commissions in the past, and they are expected to continue do-
ing so in the future. As is so often true, there is no free lunch—most of the in-
vestors who get in on the ground floor of an IPO have in fact paid for this privilege.

Finally, it is important to recognize that firms can go public without raising any
additional capital. For example, Ford Motor Company was once owned exclusively
by the Ford family. When Henry Ford died, he left a substantial part of his stock to
the Ford Foundation. Ford Motor went public when the Foundation later sold
some of its stock to the general public, even though the company raised no capital
in the transaction.

Differentiate between a closely held corporation and a publicly owned corpora-
tion.

Self-Test

Questions Differentiate between a listed stock and an unlisted stock.

Differentiate between primary and secondary markets.
What is an IPO?

*See Jay R. Ritter, “The Long-Run Performance of Initial Public Offerings,” Fournal of Finance, March
1991, Vol. 46, No. 1, 3-27.



Stocks and Their Valuation

TABLE 5-1 Initial Public Stock Offerings in 2001
% Change from Offer
u.s.

Issue Offer Proceeds in 1st Day’s through
Issuer (Business) Date Price (millions) Trading Dec. 31
The Best Performers
Verisity 3/21/01 $ 7.00 $ 268 +14.3% +170.7%
Magma Design Automation 11/19/01 13.00 63.1 +46.1 +129.2
Monolithic System Technology 6/27/01 10.00 50.0 +12.2 +108.0
Williams Energy Partners 2/5/01 21.50 98.9 +11.6 +91.2
Nassda 12/12/01 11.00 55.0 +40.5 +85.6
Accenture 7/18/01 14.50 1,900.2 +4.6 +83.1
PDF Solutions 7/26/01 12.00 62.1 +26.3 +77.9
Willis Group Holdings 6/11/01 13.50 310.5 +23.0 732
Select Medical 4/4/01 9.50 98.3 +6.6 +71.3
Odyssey Healthcare 10/30/01 15.00 62.1 +15.0 +68.3
The Worst Performers
Briazz 5/2/01 $ 8.00 $ 16.0 +0.4% —88.9%
ATP Oil & Gas 2/5/01 14.00 84.0 0.0 =79.9
Investors Capital Holdings 2/8/01 8.00 8.0 —6.1 —64.9
Align Technology 1/25/01 13.00 149.5 +33.2 —64.6
Torch Offshore 6/7/01 16.00 80.0 +0.4 —62.8
Enterra® 1/10/01 4.50 5.2 —4.2 —60.4
Tellium 5/17/01 15.00 155.3 +39.5 -57.5
Smith & Wollensky Restaurant 5/22/01 8.50 45.0 -8.6 —55.3
General Maritime 6/12/01 18.00 144.0 —6.9 —47.2
GMX Resources 3/15/01 8.00 10.0 0.0 —46.9

“Went public as Westlinks and changed name later

Source: Kate Kelly, “For IPOs, Market Conditions Go from Decent to Downright Inhospitable,” The Wall Street Journal, January 2, 2002, R8. Copyright ©
2001 Dow Jones & Co., Inc. Reprinted by permission of Dow Jones & Co. via Copyright Clearance Center.

Common Stock Valuation

Common stock represents an ownership interest in a corporation, but to the typical
investor a share of common stock is simply a piece of paper characterized by two
features:

1. Itentitles its owner to dividends, but only if the company has earnings out of which

dividends can be paid, and only if management chooses to pay dividends rather
than retaining and reinvesting all the earnings. Whereas a bond contains a promise
to pay interest, common stock provides no such promise—if you own a stock, you
may expect a dividend, but your expectations may not in fact be met. To illustrate,
Long Island Lighting Company (LILCO) had paid dividends on its common stock
for more than 50 years, and people expected those dividends to continue. However,
when the company encountered severe problems a few years ago, it stopped paying
dividends. Note, though, that LILCO continued to pay interest on its bonds; if it
had not, then it would have been declared bankrupt, and the bondholders could
potentially have taken over the company.

. Stock can be sold at some future date, hopefully at a price greater than the purchase

price. If the stock is actually sold at a price above its purchase price, the investor

189



190

Stocks and Their Valuation

will receive a capital gain. Generally, at the time people buy common stocks, they
do expect to receive capital gains; otherwise, they would not purchase the stocks.
However, after the fact, one can end up with capital losses rather than capital gains.
LILCOs stock price dropped from $17.50 to $3.75 in one year, so the expected cap-
ital gain on that stock turned out to be a huge actual capital loss.

Definitions of Terms Used in Stock Valuation Models

Common stocks provide an expected future cash flow stream, and a stock’s value is
found in the same manner as the values of other financial assets—namely, as the pres-
ent value of the expected future cash flow stream. The expected cash flows consist of
two elements: (1) the dividends expected in each year and (2) the price investors expect
to receive when they sell the stock. The expected final stock price includes the return
of the original investment plus an expected capital gain.

We saw in Chapter 1 that managers seek to maximize the values of their firms’
stocks. A manager’s actions affect both the stream of income to investors and the
riskiness of that stream. Therefore, managers need to know how alternative actions
are likely to affect stock prices. At this point we develop some models to help show
how the value of a share of stock is determined. We begin by defining the following
terms:

D, = dividend the stockholder expects to receive at the end of
Year t. Dy is the most recent dividend, which has already
been paid; D; is the first dividend expected, and it will be
paid at the end of this year; D, is the dividend expected at
the end of two years; and so forth. D; represents the first
cash flow a new purchaser of the stock will receive. Note
that D, the dividend that has just been paid, is known with
certainty. However, all future dividends are expected val-
ues, so the estimate of D, may differ among investors.®

P, = actual market price of the stock today.

P, = expected price of the stock at the end of each Year t (pro-
nounced “P hat t”). PO is the intrinsic, or fundamental,
value of the stock today as seen by the particular investor
doing the analysis; P, is the price expected at the end of one
year; and so on. Note that Py is the intrinsic value of the
stock today based on a particular investor’s estimate of the
stock’s expected dividend stream and the riskiness of that
stream. Hence, whereas the market price Py, is fixed and is
identical for all investors, Py could differ among investors
depending on how opt1m15tlc they are regarding the com-
pany. The caret, or “hat,” is used to indicate that P is an es-
timated value. PO, the individual investor’s estimate of the
intrinsic value today, could be above or below Py, the cur-
rent stock price, but an investor would buy the stock only if
his or her estimate of P were equal to or greater than P,

®Stocks generally pay dividends quarterly, so theoretically we should evaluate them on a quarterly basis.
However, in stock valuation, most analysts work on an annual basis because the data generally are not pre-
cise enough to warrant refinement to a quarterly model. For additional information on the quarterly model,
see Charles M. Linke and J. Kenton Zumwalt, “Estimation Biases in Discounted Cash Flow Analysis of
Equity Capital Cost in Rate Regulation,” Financial Management, Autamn 1984, 15-21.
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Since there are many investors in the market, there can
be many values for Py. However, we can think of a group of
“average,” or “marginal,” investors whose actions actually
determine the market price. For these marginal investors,
Py must equal Py; otherwise, a disequilibrium would exist,
and buying and selling in the market would change P, until
Py =P, for the marginal investor.
expected growth rate in dividends as predicted by a mar-
ginal investor. If dividends are expected to grow at a con-
stant rate, g is also equal to the expected rate of growth in
earnings and in the stock’s price. Different investors may
use different g’ to evaluate a firm’s stock, but the market
price, Py, is set on the basis of the g estimated by marginal
investors.
minimum acceptable, or required, rate of return on the
stock, considering both its riskiness and the returns avail-
able on other investments. Again, this term generally re-
lates to marginal investors. The determinants of r, include
the real rate of return, expected inflation, and risk, as dis-
cussed in Chapter 3.
expected rate of return that an investor who buys the
stock expects to receive in the future. Ty (pronounced “r
hat s”) could be above or below r;, but one would buy the
stock only if T, were equal to or greater than r.
actual, or realized, after-the-fact rate of return, pro-
nounced “r bar s.” You may expect to obtain a return of
t, = 15 percent if you buy Exxon Mobil today, but if the
market goes down, you may end up next year with an
actual realized return that is much lower, perhaps even
negative.
expected dividend yield during the coming year. If the
stock is expected to pay a dividend of D; = $1 during the
next 12 months, and if its current price is P, = $10, then
the expected dividend yield is $1/$10 = 0.10 = 10%.
expected capital gains yield during the coming year. If
the stock sells for $10 today, and if it is expected to rise to
$10.50 at the end of one year, then the expected capital
gain is Py — Py = $10.50 — $10.00 = $0.50, and the
expected capital gains yield is $0.50/$10 = 0.05 = 5%.

Expected total return = t, = expected dividend yield (D/Py) plus expected capital

gains yield [(P, — Po)/Py]. In our example, the expected
total return =1, = 10% + 5% = 15%.

Expected Dividends as the Basis for Stock Values

In our discussion of bonds, we found the value of a bond as the present value of inter-
est payments over the life of the bond plus the present value of the bond’s maturity (or

par) value:

Vi
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Stock prices are likewise determined as the present value of a stream of cash flows, and
the basic stock valuation equation is similar to the bond valuation equation. What are
the cash flows that corporations provide to their stockholders? First, think of yourself as
an investor who buys a stock with the intention of holding it (in your family) forever. In
this case, all that you (and your heirs) will receive is a stream of dividends, and the value
of the stock today is calculated as the present value of an infinite stream of dividends:

Value of stock = Py = PV of expected future dividends
D, D, D..

T a4+ rs)l Ta T T Uy -1)

- S

What about the more typical case, where you expect to hold the stock for a finite
period and then sell it—what will be the value of Py in this case? Unless the company is
likely to be liquidated or sold and thus to disappear, the value of the stock is again deter-
mined by Equation 5-1. To see this, recognize that for any individual investor, the ex-
pected cash flows consist of expected dividends plus the expected sale price of the stock.
However, the sale price the current investor receives will depend on the dividends some
future investor expects. Therefore, for all present and future investors in total, expected
cash flows must be based on expected future dividends. Put another way, unless a firm is
liquidated or sold to another concern, the cash flows it provides to its stockholders will
consist only of a stream of dividends; therefore, the value of a share of its stock must be
established as the present value of that expected dividend stream.

The general validity of Equation 5-1 can also be confirmed by asking the follow-
ing question: Suppose I buy a stock and expect to hold it for one year. I will receive
dividends during the year plus the value P; when I sell out at the end of the year. But
what will determine the value of Pl?’ The answer is that it will be determined as the
present value of the dividends expected during Year 2 plus the stock price at the end of
that year, which, in turn, will be determined as the present value of another set of fu-
ture dividends and an even more distant stock price. This process can be continued ad
infinitum, and the ultimate result is Equation 5-1.7

Explain the following statement: “Whereas a bond contains a promise to pay in-
terest, a share of common stock typically provides an expectation of, but no
promise of, dividends plus capital gains.”

What are the two parts of most stocks’ expected total return?

How does one calculate the capital gains yield and the dividend yield of a stock?

Constant Growth Stocks

Equation 5-1 is a generalized stock valuation model in the sense that the time pattern
of D, can be anything: D, can be rising, falling, fluctuating randomly, or it can even be
zero for several years, and Equation 5-1 will still hold. With a computer spreadsheet

"We should note that investors periodically lose sight of the long-run nature of stocks as investments and
forget that in order to sell a stock at a profit, one must find a buyer who will pay the higher price. If you an-
alyze a stock’s value in accordance with Equation 5-1, conclude that the stock’s market price exceeds a rea-
sonable value, and then buy the stock anyway, then you would be following the “bigger fool” theory of
investment—you think that you may be a fool to buy the stock at its excessive price, but you also think that
when you get ready to sell it, you can find someone who is an even bigger fool. The bigger fool theory was
widely followed in the spring of 2000, just before the Nasdaq market lost more than one-third of its value.
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we can easily use this equation to find a stock’s intrinsic value for any pattern of divi-
dends. In practice, the hard part is getting an accurate forecast of the future dividends.
However, in many cases, the stream of dividends is expected to grow at a constant rate.
If this is the case, Equation 5-1 may be rewritten as follows:®

s _Dyl+g" Dyl+g’ Dl +g”
T iy T arny A+
_ D, Z 1+ g))t 5-2)

_ Do(1 + g) Dy
=g r,—g
The last term of Equation 5-2 is called the constant growth model, or the Gordon
model after Myron J. Gordon, who did much to develop and popularize it.

Note that a necessary condition for the derivation of Equation 5-2 is that r, be
greater than g. Look back at the second form of Equation 5-2. If g is larger than r,
then (1 + g)7(1 + r,)" must always be greater than one. In this case, the second line of
Equation 5-2 is the sum of an infinite number of terms, with each term being a num-
ber larger than one. Therefore, if the constant g were greater than r,, the resulting
stock price would be infinite! Since no company is worth an infinite price, it is impos-
sible to have a constant growth rate that is greater than r,. So, if you try to use the con-
stant growth model in a situation where g is greater than r,, you will violate laws of economics
and mathematics, and your results will be both wrong and meaningless.

lllustration of a Constant Growth Stock

Assume that MicroDrive just paid a dividend of $1.15 (that is, Dy = $1.15). Its stock
has a required rate of return, r, of 13.4 percent, and investors expect the dividend to
grow at a constant 8 percent rate in the future. The estimated dividend one year hence
would be D; = $1.15(1.08) = $1.24; D, would be $1.34; and the estimated dividend
five years hence would be $1.69:

D, = Dy(1 + g)" = $1.15(1.08)° = $1.69.

We could use this procedure to estimate each future dividend, and then use Equation
5-1 to determine the current stock value, Po In other words, we could find each ex-
pected future dividend, calculate its present value, and then sum all the present values
to find the intrinsic value of the stock.
Such a process would be time consuming, but we can take a short cut—just insert
the illustrative data into Equation 5-2 to find the stock’s intrinsic value, $23:
. $1.15(1.08)  $1.242

P, = = = $23.00.
7 0.134 — 0.08  0.054 $23.00

The concept underlying the valuation process for a constant growth stock is
graphed in Figure 5-1. Dividends are growing at the rate g = 8%, but because r, >
g, the present value of each future dividend is declining. For example, the dividend
in Year 1 is D; = Do(1 + g)' = $1.15(1.08) = $1.242. However, the present value of
this dividend, discounted at 13.4 percent, is PV(D,) = $1.242/(1.134)" = $1.095.

The last term in Equation 5-2 is derived in the Extensions to Chapter 5 of Fugene F. Brigham and
Phillip R. Daves, Intermediate Financial Management, 7th ed. (Fort Worth, TX: Harcourt College Publish-
ers, 2002). In essence, Equation 5-2 is the sum of a geometric progression, and the final result is the
solution value of the progression.
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FIGURE 5-1 Present Values of Dividends of a Constant Growth Stock
where Dy = $1.15, g = 8%, r, = 13.4%
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The dividend expected in Year 2 grows to $1.242(1.08) = $1.341, but the present
value of this dividend falls to $1.043. Continuing, D; = $1.449 and PV(D;) =
$0.993, and so on. Thus, the expected dividends are growing, but the present value
of each successive dividend is declining, because the dividend growth rate (8%) is
less than the rate used for discounting the dividends to the present (13.4%).

If we summed the present values of each future dividend, this summation would
be the value of the stock, P, When g is a constant, this summation is equal to
D,/(rs; — g), as shown in Equation 5-2. Therefore, if we extended the lower step func-
tion curve in Figure 5-1 on out to infinity and added up the present values of each
future dividend, the summation would be identical to the value given by Equation
5-2,$23.00.

Although Equation 5-2 assumes that dividends grow to infinity, most of the value is
based on dividends during a relatively short time period. In our example, 70 percent of
the value is attributed to the first 25 years, 91 percent to the first 50 years, and 99.4 per-
cent to the first 100 years. So, companies don’t have to live forever for the Gordon
growth model to be used.

Dividend and Earnings Growth

Growth in dividends occurs primarily as a result of growth in earnings per share (EPS).
Earnings growth, in turn, results from a number of factors, including (1) inflation, (2)
the amount of earnings the company retains and reinvests, and (3) the rate of return the
company earns on its equity (ROE). Regarding inflation, if output (in units) is stable,
but both sales prices and input costs rise at the inflation rate, then EPS will also grow at
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the inflation rate. Even without inflation, EPS will also grow as a result of the reinvest-
ment, or plowback, of earnings. If the firm’s earnings are not all paid out as dividends
(that is, if some fraction of earnings is retained), the dollars of investment behind each
share will rise over time, which should lead to growth in earnings and dividends.

Even though a stock’s value is derived from expected dividends, this does not nec-
essarily mean that corporations can increase their stock prices by simply raising the
current dividend. Shareholders care about #// dividends, both current and those
expected in the future. Moreover, there is a trade-off between current dividends and
future dividends. Companies that pay high current dividends necessarily retain and
reinvest less of their earnings in the business, and that reduces future earnings and div-
idends. So, the issue is this: Do shareholders prefer higher current dividends at the cost
of lower future dividends, the reverse, or are stockholders indifferent? There is no sim-
ple answer to this question. Shareholders prefer to have the company retain earnings,
hence pay less current dividends, if it has highly profitable investment opportunities,
but they want the company to pay earnings out if investment opportunities are poor.
"Taxes also play a role—since dividends and capital gains are taxed differently, dividend
policy affects investors’ taxes. We will consider dividend policy in detail in Chapter 14.

Do Stock Prices Reflect Long-Term or Short-Term Events?

Managers often complain that the stock market is shortsighted, and that it cares only
about next quarter’s performance. Let’s use the constant growth model to test this as-
sertion. MicroDrive’s most recent dividend was $1.15, and it is expected to grow at a
rate of 8 percent per year. Since we know the growth rate, we can forecast the divi-
dends for each of the next five years and then find their present values:

o = Dol + 9" Dyl +g° Dyl+g’ Dyl+g* Dyl +g)’

(1 + 1yt (1 + r,)’ a + )’} a+ryt a1 +r)’ )
$1.15(1.08)"  $1.15(1.08)*  $1.15(1.08)>  $1.15(1.08)*  $1.15(1.08)°
= + + + +
(1.134)! (1.134)° (1.134)° 1.134)* (1.134)°

$1.242 $1.341 $1.449 $1.565 $1.690
= + + + +

(L1349 (11347 (11347 (1.134* (1.134)°
= 1.095 + 1.043 + 0.993 + 0.946 + 0.901
~ $5.00.

Recall that MicroDrive’s stock price is $23.00. Therefore, only $5.00, or 22 percent,
of the $23.00 stock price is attributable to short-term cash flows. This means that
MicroDrive’s managers will have a bigger effect on the stock price if they work to
increase long-term cash flows rather than focus on short-term flows. This situation
holds for most companies. Indeed, a number of professors and consulting firms have
used actual company data to show that more than 80 percent of a typical company’s
stock price is due to cash flows expected more than five years in the future.

This brings up an interesting question. If most of a stock’s value is due to long-
term cash flows, why do managers and analysts pay so much attention to quarterly
earnings? Part of the answer lies in the information conveyed by short-term earnings.
For example, if actual quarterly earnings are lower than expected, not because of fun-
damental problems but only because a company has increased its R&D expenditures,
studies have shown that the stock price probably won’t decline and may actually in-
crease. This makes sense, because R&D should increase future cash flows. On the
other hand, if quarterly earnings are lower than expected because customers don’t like
the company’s new products, then this new information will have negative implica-
tions for future values of g, the long-term growth rate. As we show later in this
chapter, even small changes in g can lead to large changes in stock prices. Therefore,
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while the quarterly earnings themselves might not be very important, the information
they convey about future prospects can be terribly important.

Another reason many managers focus on short-term earnings is that some firms
pay managerial bonuses on the basis of current earnings rather than stock prices
(which reflect future earnings). For these managers, the concern with quarterly eamn-
ings is not due to their effect on stock prices—it’s due to their effect on bonuses.”

When Can the Constant Growth Model Be Used?

The constant growth model is often appropriate for mature companies with a stable
history of growth. Expected growth rates vary somewhat among companies, but divi-
dend growth for most mature firms is generally expected to continue in the future at
about the same rate as nominal gross domestic product (real GDP plus inflation). On
this basis, one might expect the dividends of an average, or “normal,” company to
grow at a rate of 5 to 8 percent a year.

Note too that Equation 5-2 is sufficiently general to handle the case of a zero
growth stock, where the dividend is expected to remain constant over time. If g = 0,
Equation 5-2 reduces to Equation 5-3:

P():

. D
o (5-3)

This is essentially the same equation as the one we developed in Chapter 2 for a per-
petuity, and it is simply the dividend divided by the discount rate.

Write out and explain the valuation formula for a constant growth stock.

Explain how the formula for a zero growth stock is related to that for a constant
growth stock.

Are stock prices affected more by long-term or short-term events?

Expected Rate of Return on a Constant Growth Stock

We can solve Equation 5-2 for r,, again using the hat to indicate that we are dealing
with an expected rate of return:'’

Expected rate Expected  Expected growth

of return = dividend + rate, or capital
yield gains yield
D,
y = — + : -
£ >, g )

Thus, if you buy a stock for a price Py = $23, and if you expect the stock to pay a
dividend D; = $1.242 one year from now and to grow at a constant rate g = 8% in the
future, then your expected rate of return will be 13.4 percent:

$1.242
t =
° $23

+8% =54% + 8% = 13.4%.

“Many apparent puzzles in finance can be explained either by managerial compensation systems or by pecu-
liar features of the Tax Code. So, if you can’t explain a firm’s behavior in terms of economic logic, look to
bonuses or taxes as possible explanations.

19The r, value in Equation 5-2 is a required rate of return, but when we transform to obtain Equation
5-4, we are finding an expected rate of return. Obviously, the transformation requires that r; = f,. This equal-
ity holds if the stock market is in equilibrium, a condition that will be discussed later in the chapter.
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In this form, we see that T, is the expected total return and that it consists of an ex-
pected dividend yield, D1/Pq = 5.4%, plus an expected growth rate or capital gains yield,
g = 8%.

Suppose this analysis had been conducted on January 1, 2003, so Py = $23 is the
January 1, 2003, stock price, and D; = $1.242 is the dividend expected at the end of
2003. What is the expected stock price at the end of 2003? We would again apply
Equation 5-2, but this time we would use the year-end dividend, D, = D; (1 + g) =
$1.242(1.08) = $1.3414:

Dyoos  $1.3414
r,—g 0.134 - 0.08

= $24.84.

P2z =

Now, note that $24.84 is 8 percent larger than Py, the $23 price on January 1, 2003:
$23(1.08) = $24.84.

Thus, we would expect to make a capital gain of $24.84 — $23.00 = $1.84 during
2003, which would provide a capital gains yield of 8 percent:
Capital gain ~ $1.84

= = 0.08 = 8%.
Beginning price  $23.00 ?

Capital gains yield,go3 =

We could extend the analysis on out, and in each future year the expected capital gains
yield would always equal g, the expected dividend growth rate.
Continuing, the dividend yield in 2004 could be estimated as follows:

Dygos  $1.3414
$24.84

Dividend yield,q03 = =% =0.054 = 54%.

12/31/03

The dividend yield for 2005 could also be calculated, and again it would be 5.4 per-
cent. Thus, for a constant growth stock, the following conditions must hold:

The dividend is expected to grow forever at a constant rate, g.

The stock price is expected to grow at this same rate.

The expected dividend yield is a constant.

The expected capital gains yield is also a constant, and it is equal to g.

The expected total rate of return, T, is equal to the expected dividend yield plus the
expected growth rate: Ty = dividend yield + g.

Wi B W N

The term expected should be clarified—it means expected in a probabilistic sense, as
the “statistically expected” outcome. Thus, if we say the growth rate is expected to re-
main constant at 8 percent, we mean that the best prediction for the growth rate in
any future year is 8 percent, not that we literally expect the growth rate to be exactly 8
percent in each future year. In this sense, the constant growth assumption is a reason-
able one for many large, mature companies.

What conditions must hold if a stock is to be evaluated using the constant
growth model?

What does the term “expected” mean when we say expected growth rate?

Valuing Stocks That Have a Nonconstant Growth Rate

For many companies, it is inappropriate to assume that dividends will grow at a con-
stant rate. Firms typically go through /ife cycles. During the early part of their lives,
their growth is much faster than that of the economy as a whole; then they match the
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economy’s growth; and finally their growth is slower than that of the economy.'’
Automobile manufacturers in the 1920s, computer software firms such as Microsoft in
the 1990s, and Internet firms such as AOL in the 2000s are examples of firms in the
early part of the cycle; these firms are called supernormal, or nonconstant, growth
firms. Figure 5-2 illustrates nonconstant growth and also compares it with normal
growth, zero growth, and negative growth.'?

In the figure, the dividends of the supernormal growth firm are expected to
grow at a 30 percent rate for three years, after which the growth rate is expected
to fall to 8 percent, the assumed average for the economy. The value of this firm,
like any other, is the present value of its expected future dividends as determined
by Equation 5-1. When D, is growing at a constant rate, we simplified Equation
5-1 to Py = Dy/(ry — g). In the supernormal case, however, the expected growth
rate is not a constant—it declines at the end of the period of supernormal
growth.

""The concept of life cycles could be broadened to product cycle, which would include both small startup
companies and large companies like Procter & Gamble, which periodically introduce new products that
give sales and earnings a boost. We should also mention business cycles, which alternately depress and boost
sales and profits. The growth rate just after a major new product has been introduced, or just after a firm
emerges from the depths of a recession, is likely to be much higher than the “expected long-run average
growth rate,” which is the proper number for a DCF analysis.

"2A negative growth rate indicates a declining company. A mining company whose profits are falling be-
cause of a declining ore body is an example. Someone buying such a company would expect its earnings, and
consequently its dividends and stock price, to decline each year, and this would lead to capital losses rather
than capital gains. Obviously, a declining company’s stock price will be relatively low, and its dividend yield
must be high enough to offset the expected capital loss and still produce a competitive total return. Students
sometimes argue that they would never be willing to buy a stock whose price was expected to decline. How-
ever, if the annual dividends are large enough to more than offset the falling stock price, the stock could still
provide a good return.

FIGURE 5-2 Illustrative Dividend Growth Rates
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Because Equation 5-2 requires a constant growth rate, we obviously cannot use it
to value stocks that have nonconstant growth. However, assuming that a company
currently enjoying supernormal growth will eventually slow down and become a con-
stant growth stock, we can combine Equations 5-1 and 5-2 to form a new formula,
Equation 5-5, for valuing it. First, we assume that the dividend will grow at a noncon-
stant rate (generally a relatively high rate) for N periods, after which it will grow at a
constant rate, g. N is often called the terminal date, or horizon date.

We can use the constant growth formula, Equation 5-2, to determine what the
stock’s horizon, or terminal, value will be N periods from today:

Horizon value = f’N = D1 = Drdl + &) (5-2a)
r,— g r,— g
The stock’s intrinsic value today, Py, is the present value of the dividends during the
nonconstant growth period plus the present value of the horizon value:

D D D D "
= 11+ 22+...+ NN+ N+Il\]'+1 ...+D7w.
trg d+r L)Y A +r) (1+1)"
PV of dividends during the PV of dividends during the
nonconstant growth period constant growth period
t=1, - - -N. t=N+1, - -
. D D D p
P, = L Lot S (5-5)
1+r) (1+ry 1 +ry 1 +ry
PV of dividends during the PV of horizon
nonconstant growth period value, P
t=1,---N. (D) (s — g)]
1+ )N

To implement Equation 5-5, we go through the following three steps:

1. Find the PV of the dividends during the period of nonconstant growth.

2. Find the price of the stock at the end of the nonconstant growth period, at which
point it has become a constant growth stock, and discount this price back to the
present. .

3. Add these two components to find the intrinsic value of the stock, Py,

Figure 5-3 can be used to illustrate the process for valuing nonconstant growth stocks.
Here we assume the following five facts exist:

r, = stockholders’ required rate of return = 13.4%. This rate is used to discount
the cash flows.

N = years of supernormal growth = 3.

g, = rate of growth in both earnings and dividends during the supernormal
growth period = 30%. This rate is shown directly on the time line. Note:
The growth rate during the supernormal growth period could vary from
year to year. Also, there could be several different supernormal growth
periods, e.g., 30% for three years, then 20% for three years, and then a
constant 8%.)

g, = rate of normal, constant growth after the supernormal period = 8%. This
rate is also shown on the time line, between Periods 3 and 4.

D, = last dividend the company paid = $1.15.
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FIGURE 5-3 Process for Finding the Value of a Supernormal Growth Stock

? g, = 30% 1 30% 2 30% 3_ g, = 8% ‘_‘
D, = 1.4950 D, = 1.9435 D, = 2.5266 D, = 2.7287
L3183 13.4%
1.5113 R0 P, = 50.5310
13.4%
36.3838 53.0576

39.2134 = $39.21 = P,

Notes to Figure 5-3:

Step 1. Calculate the dividends expected at the end of each year during the supernormal growth period. Calculate
the first dividend, Dy = Dg(1 + go) = $1.15(1.30) = $1.4950. Here g, is the growth rate during the three-
year supernormal growth period, 30 percent. Show the $1.4950 on the time line as the cash flow at Time 1.
Then, calculate D, = D4(1 + go) = $1.4950(1.30) = $1.9435, and then D3 = Dy(1 + go) = $1.9435(1.30) =
$2.5266. Show these values on the time line as the cash flows at Time 2 and Time 3. Note that Dy is used
only to calculate D;.

Step 2. The price of the stock is the PV of dividends from Time 1 to infinity, so in theory we could project each fu-
ture dividend, with the normal growth rate, g, = 8%, used to calculate D, and subsequent dividends. How-
ever, we know that after D3 has been paid, which is at Time 3, the stock becomes a constant growth stock.
Therefore, we can use the constant growth formula to find P, which is the PV of the dividends from Time 4
to infinity as evaluated at Time 3.

First, we determine D, = $2.5266(1.08) = $2.7287 for use in the formula, and then we calculate P as
follows:

Dy  $2.7287
r,—g, 0.134-008
We show this $50.5310 on the time line as a second cash flow at Time 3. The $50.5310 is a Time 3 cash
flow in the sense that the owner of the stock could sell it for $50.5310 at Time 3 and also in the sense that
$50.5310 is the present value of the dividend cash flows from Time 4 to infinity. Note that the total cash
flow at Time 3 consists of the sum of D3 + P3 = $2.5266 + $50.5310 = $53.0576.

B, = = $50.5310.

Step 3. Now that the cash flows have been placed on the time line, we can discount each cash flow at the required
rate of return, r, = 13.4%. We could discount each flow by dividing by (1.134)", where t = 1 for Time 1,
t = 2for Time 2, and t = 3 for Time 3. This produces the PVs shown to the left below the time line, and the
sum of the PVs is the value of the supernormal growth stock, $39.21.

With a financial calculator, you can find the PV of the cash flows as shown on the time line with the

cash flow (CFLO) register of your calculator. Enter O for CFy because you get no cash flow at Time 0,
CF; = 1.495, CF, = 1.9435, and CF3 = 2.5266 + 50.531 = 53.0576. Then enter | = 13.4, and press the
NPV key to find the value of the stock, $39.21.

The valuation process as diagrammed in Figure 5-3 is explained in the steps set forth

below the time line. The value of the supernormal growth stock is calculated to be
$39.21.

Explain how one would find the value of a supernormal growth stock.

Explain what is meant by “horizon (terminal) date” and "horizon (terminal) value.”

Market Multiple Analysis

Another method of stock valuation is market multiple analysis, which applies a
market-determined multiple to net income, earnings per share, sales, book value, or,
for businesses such as cable TV or cellular telephone systems, the number of sub-
scribers. While the discounted dividend method applies valuation concepts in a pre-
cise manner, focusing on expected cash flows, market multiple analysis is more judg-
mental. To illustrate the concept, suppose that a company’s forecasted earnings per
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share is $7.70 in 2003. The average price per share to earnings per share (P/E) ratio
for similar publicly traded companies is 12.

To estimate the company’s stock value using the market P/E multiple approach,
simply multiply its $7.70 earnings per share by the market multiple of 12 to obtain the
value of $7.70(12) = $92.40. This is its estimated stock price per share.

Note that measures other than net income can be used in the market multiple ap-
proach. For example, another commonly used measure is earnings before interest, taxes,
depreciation, and amortization (EBITDA). The EBITDA multiple is the total value of a
company (the market value of equity plus debt) divided by EBITDA. This multiple is
based on total value, since EBITDA measures the entire firm’s performance. There-
fore, it is called an entity multiple. The EBITDA market multiple is the average
EBITDA multiple for similar publicly traded companies. Multiplying a company’s
EBITDA by the market multiple gives an estimate of the company’s total value. To
find the company’s estimated stock price per share, subtract debt from total value, and
then divide by the number of shares of stock.

As noted above, in some businesses such as cable TV and cellular telephone, an
important element in the valuation process is the number of customers a company has.
For example, telephone companies have been paying about $2,000 per customer when
acquiring cellular operators. Managed care companies such as HMOs have applied
similar logic in acquisitions, basing their valuations on the number of people insured.
Some Internet companies have been valued by the number of “eyeballs,” which is the
number of hits on the site.

Self-Test What is market multiple analysis?
i What is an entity multiple?
Questions y P

Stock Market Equilibrium

Recall that r;, the required return on Stock i, can be found using the Security Market
Line (SML) equation as it was developed in our discussion of the Capital Asset Pric-
ing Model (CAPM) back in Chapter 3:

r; = rgr + (tm — TrRE)b;

If the risk-free rate of return is 8 percent, the required return on an average stock is 12
percent, and Stock i has a beta of 2, then the marginal investor will require a return of
16 percent on Stock i:

= 8% + (12% — 8%) 2.0
= 16%

This 16 percent required return is shown as the point on the SML in Figure 5-4
associated with beta = 2.0.

The marginal investor will want to buy Stock i if its expected rate of return is
more than 16 percent, will want to sell it if the expected rate of return is less than 16
percent, and will be indifferent, hence will hold but not buy or sell, if the expected rate
of return is exactly 16 percent. Now suppose the investor’s portfolio contains Stock i,
and he or she analyzes the stock’s prospects and concludes that its earnings, dividends,
and price can be expected to grow at a constant rate of 5 percent per year. The last div-
idend was Dy = $2.8571, so the next expected dividend is

D, = $2.8571(1.05) = $3.

Our marginal investor observes that the present price of the stock, Py, is $30. Should
he or she purchase more of Stock i, sell the stock, or maintain the present position?
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The investor can calculate Stock i’s expected rate of return as follows:

. _ Dy $3 o _ 1co

T P, +g $3O+5/0 15%.
This value is plotted on Figure 5-4 as Point i, which is below the SML. Because the
expected rate of return is less than the required return, this marginal investor would
want to sell the stock, as would most other holders. However, few people would want
to buy at the $30 price, so the present owners would be unable to find buyers unless
they cut the price of the stock. Thus, the price would decline, and this decline would
continue until the price reached $27.27, at which point the stock would be in
equilibrium, defined as the price at which the expected rate of return, 16 percent, is
equal to the required rate of return:

.8
t$27.27

Had the stock initially sold for less than $27.27, say, at $25, events would have
been reversed. Investors would have wanted to buy the stock because its expected rate
of return would have exceeded its required rate of return, and buy orders would have
driven the stock’s price up to $27.27.

"To summarize, in equilibrium two related conditions must hold:

+5% =11% + 5% = 16% =1,

1. A stock’s expected rate of return as seen by the marginal investor must equal its re-
quired rate of return: t; = ;.

2. 'The actual market price of the stock must equal its intrinsic value as estimated by
the marginal investor: Py = P,

Of course, some individual investors may believe that T; > r and 150 > P, hence
they would invest most of their funds in the stock, while other investors may have
an opposite view and would sell all of their shares. However, it is the marginal
investor who establishes the actual market price, and for this investor, we must
have t; = r; and Py = Py. If these conditions do not hold, trading will occur until

they do.

FIGURE 5-4 Expected and Required Returns on Stock i
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Changes in Equilibrium Stock Prices

Stock prices are not constant—they undergo violent changes at times. For exam-
ple, on September 17,2001, the first day of trading after the terrorist attacks of Septem-
ber 11, the Dow Jones average dropped 685 points. This was the largest decline ever in
the Dow, but not the largest percentage loss, which was —22.6 percent on October 19,
1987. The Dow has also had some spectacular increases. In fact, its fifth largest increase
was 368 points on September 24, 2001, shortly after its largest-ever decline. The Dow’s
largest increase ever was 499 points on April 16, 2000, and its largest percentage gain of
15.4 percent occurred on March 15, 1933. At the risk of understatement, the stock mar-
ketis volatile!

"To see how such changes can occur, assume that Stock i is in equilibrium, selling at
a price of $27.27. If all expectations were exactly met, during the next year the price
would gradually rise to $28.63, or by 5 percent. However, many different events could
occur to cause a change in the equilibrium price. To illustrate, consider again the set of
inputs used to develop Stock i’s price of $27.27, along with a new set of assumed input
variables:

Variable Value

Original New
Risk-free rate, rge 8% 7%
Market risk premium, ry — rge 4% 3%
Stock i's beta coefficient, b; 2.0 1.0
Stock i's expected growth rate, g; 5% 6%
Do $2.8571 $2.8571
Price of Stock i $27.27 ?

Now give yourself a test: How would the change in each variable, by itself, affect the
price, and what is your guess as to the new stock price?
Every change, taken alone, would lead to an increase in the price. The first three
changes all lower r;, which declines from 16 to 10 percent:
Original r; = 8% + 4%(2.0) = 16%.
New r; = 7% + 3%(1.0) = 10%.
Using these values, together with the new g value, we find that P, rises from $27.27 to
$75.71.7
$2.8571(1.05)  $3
016 -005 o011 7T
New P. = $2.8571(1.06)  $3.0285
T 000 - 006 0.04

At the new price, the expected and required rates of return are equal:'*

$3.0285
BT g75.71

Original P, =

= $75.71.

+6% = 10% = r,.

A price change of this magnitude is by no means rare. The prices of 7any stocks double or halve during a
year. For example, Ciena, a phone equipment maker, fell by 76.1 percent in 1998 but increased by 183 per-
cent in 2000.

It should be obvious by now that actual realized rates of return are not necessarily equal to expected and re-
quired returns. Thus, an investor might have expected to receive a return of 15 percentif he or she had bought
Ciena stock, but after the fact, the realized return was far above 15 percentin 2000 and was far below in 1998.
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As this example illustrates, even small changes in the size or riskiness of expected
future dividends can cause large changes in stock prices. What might cause investors
to change their expectations about future dividends? It could be new information
about the company, such as preliminary results for an R&D program, initial sales of a
new product, or the discovery of harmful side effects from the use of an existing prod-
uct. Or, new information that will affect many companies could arrive, such as a tight-
ening of interest rates by the Federal Reserve. Given the existence of computers and
telecommunications networks, new information hits the market on an almost contin-
uous basis, and it causes frequent and sometimes large changes in stock prices. In
other words, ready availability of information causes stock prices to be volatile!

Ifa stock’s price is stable, that probably means that little new information is arriving.
Butifyou think it’s risky to invest in a volatile stock, imagine how risky it would be to in-
vest in a stock that rarely released new information about its sales or operations. It may
be bad to see your stock’s price jump around, but it would be a lot worse to see a stable
quoted price most of the time but then to see huge moves on the rare days when new in-
formation was released. Fortunately, in our economy timely information is readily
available, and evidence suggests that stocks, especially those of large companies, adjust
rapidly to new information. Consequently, equilibrium ordinarily exists for any given
stock, and required and expected returns are generally equal. Stock prices certainly
change, sometimes violently and rapidly, but this simply reflects changing conditions
and expectations. There are, of course, times when a stock appears to react for several
months to favorable or unfavorable developments. However, this does not signify a
long adjustment period; rather, it simply indicates that as more new pieces of informa-
tion about the situation become available, the market adjusts to them. The ability of the
market to adjust to new information is discussed in the next section.

The Efficient Markets Hypothesis

A body of theory called the Efficient Markets Hypothesis (EMH) holds (1) that
stocks are always in equilibrium and (2) that it is impossible for an investor to consis-
tently “beat the market.” Essentially, those who believe in the EMH note that there are
100,000 or so full-time, highly trained, professional analysts and traders operating in
the market, while there are fewer than 3,000 major stocks. Therefore, if each analyst
followed 30 stocks (which is about right, as analysts tend to specialize in the stocks in a
specific industry), there would on average be 1,000 analysts following each stock. Fur-
ther, these analysts work for organizations such as Citibank, Merrill Lynch, Prudential
Insurance, and the like, which have billions of dollars available with which to take ad-
vantage of bargains. In addition, as a result of SEC disclosure requirements and elec-
tronic information networks, as new information about a stock becomes available, these
1,000 analysts generally receive and evaluate it at about the same time. Therefore, the
price of a stock will adjust almost immediately to any new development.

Levels of Market Efficiency

If markets are efficient, stock prices will rapidly reflect all available information. This
raises an important question: What types of information are available and, therefore,
incorporated into stock prices? Financial theorists have discussed three forms, or lev-
els, of market efficiency.

Weak-Form Efficiency The weak form of the EMH states that all information con-
tained in past price movements is fully reflected in current market prices. If this were
true, then information about recent trends in stock prices would be of no use in
selecting stocks—the fact that a stock has risen for the past three days, for example,
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would give us no useful clues as to what it will do today or tomorrow. People who be-
lieve that weak-form efficiency exists also believe that “tape watchers” and “chartists”
are wasting their time."

For example, after studying the past history of the stock market, a chartist might
“discover” the following pattern: Ifa stock falls three consecutive days, its price typically
rises 10 percent the following day. The technician would then conclude that investors
could make money by purchasing a stock whose price has fallen three consecutive days.

But if this pattern truly existed, wouldn’t other investors also discover it, and if so,
why would anyone be willing to sell a stock after it had fallen three consecutive days if
he or she knows its price is expected to increase by 10 percent the next day? In other
words, if a stock is selling at $40 per share after falling three consecutive days, why
would investors sell the stock if they expected it to rise to $44 per share one day later?
Those who believe in weak-form efficiency argue that if the stock was really likely to
rise to $44 tomorrow, its price foday would actually rise to somewhere near $44 imme-
diately, thereby eliminating the trading opportunity. Consequently, weak-form effi-
ciency implies that any information that comes from past stock prices is rapidly
incorporated into the current stock price.

Semistrong-Form Efficiency The semistrong form of the EMH states that current
market prices reflect all publicly available information. Therefore, if semistrong-form
efficiency exists, it would do no good to pore over annual reports or other published data
because market prices would have adjusted to any good or bad news contained in such
reports back when the news came out. With semistrong-form efficiency, investors
should expect to earn the returns predicted by the SMIL, but they should not expect to do
any better unless they have either good luck or information thatis not publicly available.
However, insiders (for example, the presidents of companies) who have information
thatis not publicly available can earn consistently abnormal returns (returns higher than
those predicted by the SML) even under semistrong-form efficiency.

Another implication of semistrong-form efficiency is that whenever information is
released to the public, stock prices will respond only if the information is different from
what had been expected. If, for example, a company announces a 30 percent increase in
earnings, and if that increase is about what analysts had been expecting, the announce-
ment should have little or no effect on the company’s stock price. On the other hand,
the stock price would probably fall if analysts had expected earnings to increase by more
than 30 percent, but it probably would rise if they had expected a smaller increase.

Strong-Form Efficiency The strong form of the EMH states that current market
prices reflect all pertinent information, whether publicly available or privately held. If
this form holds, even insiders would find it impossible to earn consistently abnormal
returns in the stock market.'®

Implications of Market Efficiency

What bearing does the EMH have on financial decisions? Since stock prices do seem
to reflect public information, most stocks appear to be fairly valued. This does not

D Tape watchers are people who watch the NYSE tape, while chartists plot past patterns of stock price
movements. Both are called “technical analysts,” and both believe that they can tell if something is happen-
ing to the stock that will cause its price to move up or down in the near future.

'6Several cases of illegal insider trading have made the headlines. These cases involved employees of several
major investment banking houses and even an employee of the SEC. In the most famous case, Ivan Boesky
admitted to making $50 million by purchasing the stock of firms he knew were about to merge. He went to
jail, and he had to pay a large fine, but he helped disprove the strong-form EMH.
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Self-Test
Questions

mean that new developments could not cause a stock’s price to soar or to plummet, but
it does mean that stocks in general are neither overvalued nor undervalued—they are
fairly priced and in equilibrium. However, there are certainly cases in which corporate
insiders have information not known to outsiders.

If the EMH is correct, it is a waste of time for most of us to analyze stocks by look-
ing for those that are undervalued. If stock prices already reflect all publicly available
information, and hence are fairly priced, one can “beat the market” consistently only
by luck, and it is difficult, if not impossible, for anyone to consistently outperform the
market averages. Empirical tests have shown that the EMH is, in its weak and semi-
strong forms, valid. However, people such as corporate officers, who have inside
information, can do better than the averages, and individuals and organizations that are
especially good at digging out information on small, new companies also seem to do
consistently well. Also, some investors may be able to analyze and react more quickly
than others to releases of new information, and these investors may have an advantage
over others. However, the buy-sell actions of those investors quickly bring market
prices into equilibrium. Therefore, it is generally safe to assume that ¥; = r, that Py =
Py, and that stocks plot on the SML."”

For a stock to be in equilibrium, what two conditions must hold?
What is the Efficient Markets Hypothesis (EMH)?

What are the differences among the three forms of the EMH: (1) weak form, (2)
semistrong form, and (3) strong form?

What are the implications of the EMH for financial decisions?

Actual Stock Prices and Returns

Our discussion thus far has focused on expected stock prices and expected rates of return.
Anyone who has ever invested in the stock market knows that there can be, and there
generally are, large differences between expected and realized prices and returns.
Figure 5-5 shows how the market value of a portfolio of stocks has moved in recent
years, and Figure 5-6 shows how total realized returns on the portfolio have varied from
year to year. The market trend has been strongly up, but it has gone up in some years
and down in others, and the stocks of individual companies have likewise gone up and

"Market efficiency also has important implications for managerial decisions, especially those pertaining to
common stock issues, stock repurchases, and tender offers. Stocks appear to be fairly valued, so decisions
based on the premise that a stock is undervalued or overvalued must be approached with caution. However,
managers do have better information about their own companies than outsiders, and this information can
legally be used to the companies’ (but not the managers’) advantage.

We should also note that some Wall Street pros have consistently beaten the market over many years,
which is inconsistent with the EMH. An interesting article in the April 3, 1995, issue of Forrune (Terence
P. Paré, “Yes, You Can Beat the Market”) argued strongly against the EMH. Paré suggested that each stock
has a fundamental value, but when good or bad news about it is announced, most investors fail to interpret
that news correctly. As a result, stocks are generally priced above or below their long-term values.

Think of a graph with stock price on the vertical axis and years on the horizontal axis. A stock’s fundamen-
tal value might be moving up steadily over time as it retains and reinvests earnings. However, its actual price
might fluctuate about the intrinsic value line, overreacting to good or bad news and indicating departures
from equilibrium. Successful value investors, according to the article, use fundamental analysis to identify
stocks’ intrinsic values, and then they buy stocks that are undervalued and sell those that are overvalued.

Paré’s argument implies that the market is systematically out of equilibrium and that investors can act on
this knowledge to beat the market. That position may turn out to be correct, but it may also be that the
superior performance Paré noted simply demonstrates that some people are better at obtaining and inter-
preting information than others, or have just had a run of good luck.
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Source: Data taken from various issues of The Wall Street Journal, “Stock Market Data Bank” section.

down.'"® We know from theory that expected returns, as estimated by a marginal
investor, are always positive, but in some years, as Figure 5-6 shows, actual returns are
negative. Of course, even in bad years some individual companies do well, so “the name
of the game” in security analysis is to pick the winners. Financial managers attempt to
take actions that will put their companies into the winners’ column, but they don’t

'81f we constructed graphs like Figures 5-5 and 5-6 for individual stocks rather than for a large portfolio, far
greater variability would be shown. Also, if we constructed a graph like Figure 5-6 for bonds, it would have
the same general shape, but the bars would be smaller, indicating that gains and losses on bonds are gener-
ally smaller than those on stocks. Above-average bond returns occur in years when interest rates decline,
and losses occur when interest rates rise sharply.

207



208

Stocks and Their Valuation

FIGURE 5-6  S&P 500 Index, Total Returns: Dividend Yield + Capital Gain or Loss, 1967-2001
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Source: Data taken from various issues of The Wall Street Journal.

always succeed. In subsequent chapters, we will examine the actions that managers can
take to increase the odds of their firms doing relatively well in the marketplace.

Investing in International Stocks

As noted in Chapter 3, the U.S. stock market amounts to only about 40 percent of the
world stock market, and this is prompting many U.S. investors to hold at least some
foreign stocks. Analysts have long touted the benefits of investing overseas, arguing that
foreign stocks both improve diversification and provide good growth opportunities.
For example, after the U.S. stock market rose an average of 17.5 percent a year during
the 1980s, many analysts thought that the U.S. market in the 1990s was due for a cor-
rection, and they suggested that investors should increase their holdings of foreign
stocks. "To the surprise of many, however, U.S. stocks outperformed foreign stocks in
the 1990s—they gained about 15 percenta year versus only 3 percent for foreign stocks.

Figure 5-7 shows how stocks in different countries performed in 2001. The num-
ber on the left indicates how stocks in each country performed in terms of its local cur-
rency, while the right numbers show how the country’s stocks performed in terms of the
U.S. dollar. For example, in 2001 Swiss stocks fell by 22.02 percent, but the Swiss Franc
fell by about 7.24 percent versus the U.S. dollar. Therefore, if U.S. investors had
bought Swiss stocks, they would have lost 22.02 percent in Swiss Franc terms, but those
Swiss Francs would have bought 7.24 percent fewer U.S. dollars, so the effective return
would have been —29.26 percent. So, the results of foreign investments depend in part
on what happens to the exchange rate. Indeed, when you invest overseas, you are mak-
ing two bets: (1) that foreign stocks will increase in their local markets and (2) that the
currencies in which you will be paid will rise relative to the dollar.

Although U.S. stocks have outperformed foreign stocks in recent years, this by no
means suggests that investors should avoid foreign stocks. Foreign investments still
improve diversification, and it is inevitable that there will be years when foreign stocks
outperform domestic stocks. When this occurs, U.S. investors will be glad they put
some of their money in overseas markets.



2001 Performance of the Dow Jones Global Stock Indexes
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FIGURE 5-8 Stock Quote for Abbott Labs, October 31, 2001

ABBOTT LABS (NYSE:ABT)
- More Info: News, Profile, Research, Insider, Options, Msgs - Trade: Choose Brokerage

Last Trade Change Prev | Volume Div
4:03PM - 52.98 | -0.80 (-1.49%)| Cls 3,478,100 Date
53.78 Nov 15
AET 38-Oct-2681 (L Yshoo!
Day's Range Bid Ask | Open | Avg Vol | Ex-Div ?
52.98 -53.99 N/A | N/A | 53.50 3,149,409 Oct 11 | =8f
45|
52-week Range || Earn/Shr|| P/E Mkt Div/Shr | Yield 48 T Har May ol Sep
42.0000 - 1.08 |49.80| Cap 0.84 1.56
56.2500 82.195B Small: [1d | 5d | 1y | none]

Big: [1d | 5d | 3m | 6m | 1y | 2y | 5y | max]

Source: Stock quote for Abbott Labs, 10/31/01. Reprinted by permission. For an update of this quote, go to the web site http://finance.yahoo.com.
Enter the ticker symbol for Abbott Labs, ABT, select Detailed from the pull-down menu, and then click the Get button.

Stock Market Reporting

Up until a couple of years ago, the best source of stock quotations was the business
section of a daily newspaper, such as The Wall Street Journal. One problem with news-
papers, however, is that they are only printed once a day. Now it is possible to get
quotes all during the day from a wide variety of Internet sources.'” One of the best is
Yahoo!, and Figure 5-8 shows a detailed quote for Abbott Labs. As the first row of the
quote shows, Abbott Labs is traded on the New York Stock Exchange under the sym-
bol ABT. The first row also provides links to additional information. The second row
starts with the price of the last trade. For Abbott Labs, this was 4:03 P.M. on October
31, 2001, at a price of $52.98. Note that the price is reported in decimals rather than
fractions, reflecting a recent change in trading conventions. The second row also re-
ports the closing price from the previous day ($53.78) and the change from the previ-
ous closing price to the current price. For Abbott Labs, the price fell by $0.80, which
was a 1.49 percent decline. The trading volume during the day was 3,478,100 shares of
stock. In other words, almost 3.5 million shares of Abbott Labs’ stock changed hands.
Immediately below the daily volume is the average daily volume for the past three
months. For Abbott Labs, this was 3.1 million shares, which means that trading on
October 31 was a little heavier than usual.

The last item in the second row shows that Abbott Labs is scheduled to pay a div-
idend on November 15. As shown on the last row, the annual dividend is $0.84 per
share, so the quarterly dividend payment will be $0.21 per share. The third row
shows an ex-dividend date of October 11, meaning that the owner of the stock as of
October 10 will receive the dividend, no matter who owns the stock on November
15. In other words, the stock trades without the dividend as of October 11. The last

"“Most free sources actually provide quotes that are delayed by 15 minutes.



A Nation of Traders

A recent story in Fortune profiled the dramatic revolution in
the way investors trade stocks. Just a few years ago, the vast
majority of investors bought and sold stocks by calling a full-
service broker. The typical broker would execute orders,
maintain records, assist with stock selection, and provide
guidance regarding long-run asset allocations. These ser-
vices came at a price—when investors bought stocks, the
commissions were often well in excess of $100 a trade.

While the full-service broker is far from dead, many are
on the ropes. Now large and small investors have online ac-
cess to the same type of company and market information
that brokers provide, and they can trade stocks online at less
than $10 a trade.

These technological changes, combined with the eupho-
ria surrounding the long-running bull market, have encour-
aged more and more investors to become actively involved
in managing their own investments. They tune in regularly
to CNBC, and they keep their computer screens “at the
ready” to trade on any new information that hits the market.

Online trading is by no means relegated to just a few
investors—it now represents a significant percentage of all
trades that occur. The Fortune article pointed out, for exam-
ple, that in 1989 only 28 percent of households owned stock,

Stocks and Their Valuation

while 10 years later this percentage had risen to 48 percent.
Moreover, in 1999 there were 150 Internet brokerage firms
versus only 5 three years earlier. Virtually nonexistent three
years ago, today the percentage of stocks traded online is ap-
proximately 12.5 percent, and that number is expected to
rise to nearly 30 percent in the next two or three years.

Changing technology is encouraging more and more in-
vestors to take control of their own finances. While this
trend has lowered traditional brokers’ incomes, it has re-
duced transaction costs, increased information, and empow-
ered investors. Of course, concerns have been raised about
whether individual investors fully understand the risks in-
volved, and whether they have sound strategies in place for
long-run investing once the current bull market ends.

Good or bad, most observers believe that online trading
is here to stay. However, there will surely be a continuing,
but changing, need for professional advisors and stockbro-
kers to work with the many investors who need guidance or
who tire of the grind of keeping track of their positions.

Source: Andy Serwer, Christine Y. Chen, and Angel Key, “A Nation of
Traders,” Fortune (1999), 116-120. Copyright © 1999 Time Inc. All rights re-
served. Reprinted by permission.

row also reports a dividend yield of 1.56 percent, which is the dividend divided by the

stock price.

The third row reports the range of prices for the day and the first trade of the day,
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called the open price. Thus, Abbott Labs opened the day at $53.50, traded as low as
$52.98 and as high as $53.99, and finally closed at $52.98, its low for the day. If Abbott
Labs had been listed on Nasdaq, the most recent bid and ask quotes from dealers
would have been shown. Because Abbott Labs trades on the NYSE, this data is not
available.

The bottom row shows the price range of Abbott Labs’ stock during the past year,
which was from $42.00 to $56.25. The chart to the right shows the daily prices for
the past year, and the links below the chart allow a web user to pick different intervals
for data in the chart. The bottom row also reports the earnings per share, based on
the earnings in the past 12 months. The ratio of the price per share to the earnings
per share, the P/E ratio, is shown on the bottom row. For Abbott Labs, this is 49.80.
The total market value of all its stock is called Mkt Cap, and it is $82.195 billion.

If a stock is not in equilibrium, explain how financial markets adjust to bring it
into equilibrium.

Self-Test

Questions
Explain why expected, required, and realized returns are often different.

What are the key benefits of adding foreign stocks to a portfolio?

When a U.S. investor purchases foreign stocks, what two things is he or she hop-
ing will happen?
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Preferred Stock

Self-Test
Questions

Preferred stock is a hybrid—it is similar to bonds in some respects and to common
stock in others. The hybrid nature of preferred stock becomes apparent when we try
to classify it in relation to bonds and common stock. Like bonds, preferred stock has a
par value and a fixed amount of dividends that must be paid before dividends can be
paid on the common stock. However, if the preferred dividend is not earned, the
directors can omit (or “pass”) it without throwing the company into bankruptcy. So,
although preferred stock has a fixed payment like bonds, a failure to make this pay-
ment will not lead to bankruptcy.

As noted above, a preferred stock entitles its owners to regular, fixed dividend pay-
ments. If the payments last forever, the issue is a perpetuity whose value, V,, is found
as follows:

V, = — (5-6)

V,, is the value of the preferred stock, D,, is the preferred dividend, and r,, is the re-
quired rate of return. MicroDrive has preferred stock outstanding that pays a dividend
of $10 per year. If the required rate of return on this preferred stock is 10 percent,
then its value is $100, found by solving Equation 5-6 as follows:

$10.00
V. =
P 0.10

= $100.00.

If we know the current price of a preferred stock and its dividend, we can solve for the
rate of return as follows:

r, = = (5-62)

Some preferred stocks have a stated maturity date, say, 50 years. If MicroDrive’s
preferred matured in 50 years, paid a $10 annual dividend, and had a required return
of 8 percent, then we could find its price as follows: Enter N = 50,1 = 8, PMT = 10,
and FV = 100. Then press PV to find the price, V, = $124.47.If r, = 1 = 10%,
changeI =8 toI =10, and find P = V,, = PV = §100. If you know the price of a share
of preferred stock, you can solve for I to find the expected rate of return, t,.

Most preferred stocks pay dividends quarterly. This is true for MicroDrive, so we
could find the effective rate of return on its preferred stock (perpetual or maturing) as
follows:

om \" 0.10\*
EFF% =EARP=<1 +rN) ~1 =<1 +> —1=10.38%.
m 4

If an investor wanted to compare the returns on MicroDrive’s bonds and its preferred
stock, it would be best to convert the nominal rates on each security to effective rates
and then compare these “equivalent annual rates.”

Explain the following statement: “Preferred stock is a hybrid security.”

Is the equation used to value preferred stock more like the one used to evaluate
a perpetual bond or the one used for common stock?
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Corporate decisions should be analyzed in terms of how alternative courses of action
are likely to affect a firm’s value. However, it is necessary to know how stock prices are
established before attempting to measure how a given decision will affect a specific
firm’s value. This chapter showed how stock values are determined, and also how in-
vestors go about estimating the rates of return they expect to earn. The key concepts
covered are listed below.

A proxy is a document that gives one person the power to act for another, typically
the power to vote shares of common stock. A proxy fight occurs when an outside
group solicits stockholders’ proxies in an effort to vote a new management team
into office.

A takeover occurs when a person or group succeeds in ousting a firm’s manage-
ment and takes control of the company.

Stockholders often have the right to purchase any additional shares sold by the
firm. This right, called the preemptive right, protects the control of the present
stockholders and prevents dilution of their value.

Although most firms have only one type of common stock, in some instances clas-
sified stock is used to meet the special needs of the company. One type is
founders’ shares. This is stock owned by the firm’s founders that carries sole vot-
ing rights but restricted dividends for a specified number of years.

A closely held corporation is one that is owned by a few individuals who are typ-
ically associated with the firm’s management.

A publicly owned corporation is one that is owned by a relatively large number
of individuals who are not actively involved in its management.

Whenever stock in a closely held corporation is offered to the public for the first
time, the company is said to be going public. The market for stock that is just be-
ing offered to the public is called the initial public offering (IPO) market.

The value of a share of stock is calculated as the present value of the stream of
dividends the stock is expected to provide in the future.

The equation used to find the value of a constant growth stock is:

- D
P 0= ! .
- g
The expected total rate of return from a stock consists of an expected dividend
yield plus an expected capital gains yield. For a constant growth firm, both the ex-
pected dividend yield and the expected capital gains yield are constant.

The equation for T, the expected rate of return on a constant growth stock,
can be expressed as follows:

A zero growth stock is one whose future dividends are not expected to grow at
all, while a supernormal growth stock is one whose earnings and dividends are
expected to grow much faster than the economy as a whole over some specified
time period and then to grow at the “normal” rate.

"To find the present value of a supernormal growth stock, (1) find the dividends
expected during the supernormal growth period, (2) find the price of the stock at
the end of the supernormal growth period, (3) discount the dividends and the pro-
jected price back to the present, and (4) sum these PVs to find the current value of
the stock, Py,
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Questions

5-1

5-2

5-3

e The horizon (terminal) date is the date when individual dividend forecasts are no
longer made because the dividend growth rate is assumed to be constant.

e The horizon (terminal) value is the value at the horizon date of all future divi-
dends after that date.

e 'The marginal investor is a representative investor whose actions reflect the be-
liefs of those people who are currently trading a stock. It is the marginal investor
who determines a stock’s price.

e Equilibrium is the condition under which the expected return on a security as
seen by the marginal investor is just equal to its required return, T = r. Also, the
stock’s intrinsic value must be equal to its market price, Pq = Py, and the market
price is stable.

e The Efficient Markets Hypothesis (EMH) holds (1) that stocks are always in
equilibrium and (2) that it is impossible for an investor who does not have inside
information to consistently “beat the market.” Therefore, according to the EMH,
stocks are always fairly valued (P, = Py), the required return on a stock is equal to
its expected return (r = ), and all stocks’ expected returns plot on the SML.

e Differences can and do exist between expected and realized returns in the stock
and bond markets—only for short-term, risk-free assets are expected and actual
(or realized) returns equal.

e When U.S. investors purchase foreign stocks, they hope (1) that stock prices will
increase in the local market and (2) that the foreign currencies will rise relative to
the U.S. dollar.

e Preferred stock is a hybrid security having some characteristics of debt and some
of equity.

e Most preferred stocks are perpetuities, and the value of a share of perpetual
preferred stock is found as the dividend divided by the required rate of return:

e Maturing preferred stock is evaluated with a formula that is identical in form to
the bond value formula.

Define each of the following terms:

. Proxy; proxy fight; takeover; preemptive right; classified stock; founders’ shares

. Closely held corporation; publicly owned corporation

. Secondary market; primary market; going public; initial public offering (IPO)

. Intrinsic value (Py); market price (P)

Required rate of return, r; expected rate of return, T; actual, or realized, rate of return, r,
. Capital gains yield; dividend yield; expected total return

Normal, or constant, growth; supernormal, or nonconstant, growth; zero growth stock

. Equilibrium; Efficient Markets Hypothesis (EMH); three forms of EMH

. Preferred stock

-~ TR 0 e T8

"Two investors are evaluating AT & T’ stock for possible purchase. They agree on the expected
value of D; and also on the expected future dividend growth rate. Further, they agree on the
riskiness of the stock. However, one investor normally holds stocks for 2 years, while the other
normally holds stocks for 10 years. On the basis of the type of analysis done in this chapter, they
should both be willing to pay the same price for AT & T’ stock. True or false? Explain.

A bond that pays interest forever and has no maturity date is a perpetual bond. In what respect
is a perpetual bond similar to a no-growth common stock, and to a share of preferred stock?
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(Solutions Appear in Appendix A)

Ewald Company’ current stock price is $36, and its last dividend was $2.40. In view of Ewald’s
strong financial position and its consequent low risk, its required rate of return is only 12 per-
cent. If dividends are expected to grow at a constant rate, g, in the future, and if r is expected to
remain at 12 percent, what is Ewald’s expected stock price 5 years from now?

Snyder Computer Chips Inc. is experiencing a period of rapid growth. Earnings and dividends
are expected to grow at a rate of 15 percent during the next 2 years, at 13 percent in the third
year, and at a constant rate of 6 percent thereafter. Snyder’ last dividend was $1.15, and the re-
quired rate of return on the stock is 12 percent.

a. Calculate the value of the stock today.

b. Calculate P, and P,.

c. Calculate the dividend yield and capital gains yield for Years 1, 2, and 3.

Warr Corporation just paid a dividend of $1.50 a share (i.e., Dy = $1.50). The dividend is ex-
pected to grow 5 percent a year for the next 3 years, and then 10 percent a year thereafter. What
is the expected dividend per share for each of the next 5 years?

Thomas Brothers is expected to pay a $0.50 per share dividend at the end of the year (i.e., D, =
$0.50). The dividend is expected to grow at a constant rate of 7 percent a year. The required
rate of return on the stock, r, is 15 percent. What is the value per share of the company’s stock?

Harrison Clothiers’ stock currently sells for $20 a share. The stock just paid a dividend of $1.00
a share (i.e., Dy = $1.00). The dividend is expected to grow at a constant rate of 10 percent a
year. What stock price is expected 1 year from now? What is the required rate of return on the
company’s stock?

Fee Founders has preferred stock outstanding which pays a dividend of $5 at the end of each year.
The preferred stock sells for $60 a share. What is the preferred stock’s required rate of return?

A company currently pays a dividend of $2 per share, Dy = 2. It is estimated that the company’s
dividend will grow at a rate of 20 percent per year for the next 2 years, then the dividend will
grow at a constant rate of 7 percent thereafter. The company’s stock has a beta equal to 1.2, the
risk-free rate is 7.5 percent, and the market risk premium is 4 percent. What would you esti-
mate is the stock’s current price?

A stock is trading at $80 per share. The stock is expected to have a year-end dividend of $4 per
share (D = 4), which is expected to grow at some constant rate g throughout time. The stock’s
required rate of return is 14 percent. If you are an analyst who believes in efficient markets, what
would be your forecast of g?

You are considering an investment in the common stock of Keller Corp. The stock is expected
to pay a dividend of $2 a share at the end of the year (D, = $2.00). The stock has a beta equal to
0.9. The risk-free rate is 5.6 percent, and the market risk premium is 6 percent. The stock’s div-
idend is expected to grow at some constant rate g. The stock currently sells for $25 a share. As-
suming the market is in equilibrium, what does the market believe will be the stock price at the
end of 3 years? (That is, what isP5?)

What will be the nominal rate of return on a preferred stock with a $100 par value, a stated
dividend of 8 percent of par, and a current market price of (a) $60, (b) $80, (c) $100, and
(d) $140?

Martell Mining Company’s ore reserves are being depleted, so its sales are falling. Also, its pit is
getting deeper each year, so its costs are rising. As a result, the company’s earnings and divi-
dends are declining at the constant rate of 5 percent per year. If Dy = $5 and r, = 15%, what is
the value of Martell Mining’s stock?
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5-10
RATES OF RETURN
AND EQUILIBRIUM

5-11
SUPERNORMAL GROWTH
STOCK VALUATION

5-12
SUPERNORMAL GROWTH
STOCK VALUATION

5-13
PREFERRED STOCK VALUATION

5-14
CONSTANT GROWTH
STOCK VALUATION

5-15
RETURN ON COMMON STOCK

The beta coefficient for Stock C is b = 0.4, whereas that for Stock D is bp = —0.5. (Stock D’

beta is negative, indicating that its rate of return rises whenever returns on most other stocks

fall. There are very few negative beta stocks, although collection agency stocks are sometimes

cited as an example.)

a. If the risk-free rate is 9 percent and the expected rate of return on an average stock is 13 per-
cent, what are the required rates of return on Stocks C and D?

b. For Stock C, suppose the current price, Py, is $25; the next expected dividend, Dy, is $1.50;
and the stock’s expected constant growth rate is 4 percent. Is the stock in equilibrium? Ex-
plain, and describe what will happen if the stock is not in equilibrium.

Assume that the average firm in your company’s industry is expected to grow at a constant rate of
6 percent and its dividend yield is 7 percent. Your company is about as risky as the average firm
in the industry, but it has just successfully completed some R&D work that leads you to expect
that its earnings and dividends will grow at a rate of 50 percent [D; = Dy(1 + g) = D(1.50)] this
year and 25 percent the following year, after which growth should match the 6 percent industry
average rate. The last dividend paid (Do) was $1. What is the value per share of your firm’ stock?

Microtech Corporation is expanding rapidly, and it currently needs to retain all of its earnings,
hence it does not pay any dividends. However, investors expect Microtech to begin paying divi-
dends, with the first dividend of $1.00 coming 3 years from today. The dividend should grow
rapidly—at a rate of 50 percent per year—during Years 4 and 5. After Year 5, the company
should grow at a constant rate of 8 percent per year. If the required return on the stock is 15 per-
cent, what is the value of the stock today?

Ezzell Corporation issued preferred stock with a stated dividend of 10 percent of par. Preferred

stock of this type currently yields 8 percent, and the par value is $100. Assume dividends are

paid annually.

a. What is the value of Ezzell’s preferred stock?

b. Suppose interest rate levels rise to the point where the preferred stock now yields 12 percent.
What would be the value of Ezzell’s preferred stock?

Your broker offers to sell you some shares of Bahnsen & Co. common stock that paid a dividend
of $2 yesterday. You expect the dividend to grow at the rate of 5 percent per year for the next 3
years, and, if you buy the stock, you plan to hold it for 3 years and then sell it.

a. Find the expected dividend for each of the next 3 years; that is, calculate Dy, D5, and D;.
Note that Dy = $2.

b. Given that the appropriate discount rate is 12 percent and that the first of these dividend
payments will occur 1 year from now, find the present value of the dividend stream; that is,
calculate the PV of Dy, D,, and D3, and then sum these PVs. .

c. You expect the price of the stock 3 years from now to be $34.73; that is, you expect Ps to
equal $34.73. Discounted at a 12 percent rate, what is the present value of this expected fu-
ture stock price? In other words, calculate the PV of $34.73.

d. If you plan to buy the stock, hold it for 3 years, and then sell it for $34.73, what is the most
you should pay for it?

e. Use Equation 5-2 to calculate the present value of this stock. Assume that g = 5%, and it is
constant.

f. Is the value of this stock dependent upon how long you plan to hold it? In other words, if
your planned holding period were 2 years or 5 years rather than 3 years, would this affect the
value of the stock today, Py?

You buy a share of The Ludwig Corporation stock for $21.40. You expect it to pay dividends of

$1.07, $1.1449, and $1.2250 in Years 1, 2, and 3, respectively, and you expect to sell it at a price

of $26.22 at the end of 3 years.

a. Calculate the growth rate in dividends.

b. Calculate the expected dividend yield.

c. Assuming that the calculated growth rate is expected to continue, you can add the dividend
yield to the expected growth rate to get the expected total rate of return. What is this stock’s
expected total rate of return?
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Investors require a 15 percent rate of return on Levine Company’s stock (ry = 15%).

a. What will be Levine’s stock value if the previous dividend was Dy = $2 and if investors ex-
pect dividends to grow at a constant compound annual rate of (1) —5 percent, (2) 0 percent,
(3) 5 percent, and (4) 10 percent?

b. Using data from part a, what is the Gordon (constant growth) model value for Levine’s stock
if the required rate of return is 15 percent and the expected growth rate is (1) 15 percent or
(2) 20 percent? Are these reasonable results? Explain.

c. Is it reasonable to expect that a constant growth stock would have g > r,?

Wayne-Martin Electric Inc. (WME) has just developed a solar panel capable of generating

200 percent more electricity than any solar panel currently on the market. As a result, WME

is expected to experience a 15 percent annual growth rate for the next 5 years. By the end of

5 years, other firms will have developed comparable technology, and WME?’s growth rate will

slow to 5 percent per year indefinitely. Stockholders require a return of 12 percent on

WMEY stock. The most recent annual dividend (Dg), which was paid yesterday, was $1.75

per share.

a. Calculate WME?’ expected dividends fort = 1,t=2,t=3,t=4,and t = 5.

b. Calculate the value of the stock today, Po. Proceed by finding the present value of the divi-
dends expectedatt = 1,t =2, t =3, t = 4, and t = 5 plus the present value of the stock price
which should existat t = 5, Ps. The Ps stock price can be found by using the constant growth
equation. Notice that to find Ps, you use the dividend expected at t = 6, which is 5 percent
greater than the t = 5 dividend.

c. Calculate the expected dividend yield, D /P, the capital gains yield expected during the
first year, and the expected total return (dividend yield plus capital gains yield) during
the first year. (Assume that Py = Py, and recognize that the capital gains yield is equal to the
total return minus the dividend yield.) Also calculate these same three yields for t = 5
(e.g., D6/P5)

Taussig Technologies Corporation (T'TC) has been growing at a rate of 20 percent per year in

recent years. This same growth rate is expected to last for another 2 years.

a. If Dy = $1.60, r, = 10%, and g, = 6%, what is TTC’s stock worth today? What are its ex-
pected dividend yield and capital gains yield at this time?

b. Now assume that TT'C’ period of supernormal growth is to last another 5 years rather than
2 years. How would this affect its price, dividend yield, and capital gains yield? Answer in
words only.

c. What will be TTC’ dividend yield and capital gains yield once its period of supernormal
growth ends? (Hint: These values will be the same regardless of whether you examine the
case of 2 or 5 years of supernormal growth; the calculations are very easy.)

d. Of what interest to investors is the changing relationship between dividend yield and capital
gains yield over time?

The risk-free rate of return, ry, is 11 percent; the required rate of return on the market, ryy, is

14 percent; and Upton Company’s stock has a beta coefficient of 1.5.

a. If the dividend expected during the coming year, Dy, is $2.25, and if g = a constant 5%, at
what price should Upton’s stock sell?

b. Now, suppose the Federal Reserve Board increases the money supply, causing the risk-free
rate to drop to 9 percent and ry; to fall to 12 percent. What would this do to the price of the
stock?

c. In addition to the change in part b, suppose investors’ risk aversion declines; this fact, com-
bined with the decline in rgy, causes ry; to fall to 11 percent. At what price would Upton’s stock
sell?

d. Now, suppose Upton has a change in management. The new group institutes policies that
increase the expected constant growth rate to 6 percent. Also, the new management stabi-
lizes sales and profits, and thus causes the beta coefficient to decline from 1.5 to 1.3. Assume
that rrp and ry are equal to the values in part c. After all these changes, what is Upton’s new
equilibrium price? (Note: D, goes to $2.27.)
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Spreadsheet Problem

5-20
BUILD AMODEL:
SUPERNORMAL GROWTH AND
CORPORATE VALUATION

See Ch 05 Show.ppt and
Ch 05 Mini Case.xls.

Start with the partial model in the file Ch 05 P20 Build a Model.xls from the textbook’s
web site. Rework Problem 5-18, parts a, b, and ¢, using a spreadsheet model. For part b,
calculate the price, dividend yield, and capital gains yield as called for in the problem.

Robert Balik and Carol Kiefer are senior vice-presidents of the Mutual of Chicago Insurance
Company. They are co-directors of the company’s pension fund management division, with
Balik having responsibility for fixed income securities (primarily bonds) and Kiefer being
responsible for equity investments. A major new client, the California League of Cities, has
requested that Mutual of Chicago present an investment seminar to the mayors of the repre-
sented cities, and Balik and Kiefer, who will make the actual presentation, have asked you to
help them.

To illustrate the common stock valuation process, Balik and Kiefer have asked you to ana-
lyze the Bon Temps Company, an employment agency that supplies word processor operators
and computer programmers to businesses with temporarily heavy workloads. You are to answer
the following questions.

a. Describe briefly the legal rights and privileges of common stockholders.

b. (1) Write out a formula that can be used to value any stock, regardless of its dividend pat-

tern.

(2) What s a constant growth stock? How are constant growth stocks valued?

(3) What happens if a company has a constant g which exceeds its r,> Will many stocks have
expected g > r, in the short run (i.e., for the next few years)? In the long run (i.e., for-
ever)?

c. Assume that Bon Temps has a beta coefficient of 1.2, that the risk-free rate (the yield on
T-bonds) is 7 percent, and that the market risk premium is 5 percent. What is the required
rate of return on the firm’s stock?

d. Assume that Bon Temps is a constant growth company whose last dividend (D, which was
paid yesterday) was $2.00 and whose dividend is expected to grow indefinitely at a 6 percent
rate.

(1) What s the firm’s expected dividend stream over the next 3 years?

(2) What s the firm’s current stock price?

(3) What is the stock’s expected value 1 year from now?

(4) What are the expected dividend yield, the capital gains yield, and the total return during
the first year?

e. Now assume that the stock is currently selling at $30.29. What is the expected rate of return
on the stock?

f. What would the stock price be if its dividends were expected to have zero growth?

g. Now assume that Bon Temps is expected to experience supernormal growth of 30 percent
for the next 3 years, then to return to its long-run constant growth rate of 6 percent. What
is the stock’s value under these conditions? What is its expected dividend yield and capital
gains yield in Year 1? In Year 4?

h. Is the stock price based more on long-term or short-term expectations? Answer this by find-
ing the percentage of Bon Temps’ current stock price based on dividends expected more
than 3 years in the future.

i. Suppose Bon Temps is expected to experience zero growth during the first 3 years and
then to resume its steady-state growth of 6 percent in the fourth year. What is the stock’s
value now? What is its expected dividend yield and its capital gains yield in Year 1? In
Year 4?

j- Finally, assume that Bon Temps’ earnings and dividends are expected to decline by a con-
stant 6 percent per year, that is, g = —6%. Why would anyone be willing to buy such a
stock, and at what price should it sell> What would be the dividend yield and capital gains
yield in each year?
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k. What is market multiple analysis?

1. Why do stock prices change? Suppose the expected D; is $2, the growth rate is 5 percent,
and r, is 10 percent. Using the constant growth model, what is the price? What is the impact
on stock price if g is 4 percent or 6 percent? If r, is 9 percent or 11 percent?

m. What does market equilibrium mean?
n. If equilibrium does not exist, how will it be established?
o. What is the Efficient Markets Hypothesis, what are its three forms, and what are its impli-

cations?

p. Bon Temps recently issued preferred stock. It pays an annual dividend of $5, and the issue
price was $50 per share. What is the expected return to an investor on this preferred

stock?

Selected Additional References and Cases

Many investment textbooks cover stock valuation models in depth,
and some are listed in the Chapter 3 references.

For some recent works on valuation, see

Bey, Roger P, and J. Markham Collins, “The Relationship
between Before- and After-Tax Yields on Financial As-
sets,” The Financial Review, August 1988, 313-343.

Brooks, Robert, and Billy Helms, “An N-Stage, Fractional
Period, Quarterly Dividend Discount Model,” Financial
Review, November 1990, 651-657.

Copeland, Tom, Tim Koller, and Jack Murrin, Valuation:
Measuring and Managing the Value of Companies, 3rd ed.
(New York: John Wiley & Sons, Inc., 2000).

The following cases in the Cases in Financial Management se-
ries cover many of the valuation concepts contained in this chapter:

Case 3, “Peachtree Securities, Inc. (B)”; Case 43, “Swan-

Davis”; Case 49, Beatrice Peabody”; and Case 101,
“TECO Energy.”
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The Cost of Capital

General Electric has long been recognized as one of the world’s best-managed
companies, and it has rewarded its shareholders with outstanding returns. During its
corporate life, GE has raised a cumulative $76 billion in capital from its investors, but
it has turned that $76 billion investment into a company worth more than $543 billion.
lts Market Value Added (MVA), the difference between its market value and the capi-
tal investors put up, is a whopping $467 billion! Not surprisingly, GE is always at or
near the top of all companies in MVA.

When investors provide a corporation with funding, they expect the company
to generate an appropriate return on those funds. From the company’s perspective,
the investors’ expected return is a cost of using the funds, and it is called the cost of
capital. A variety of factors influence a firm’s cost of capital. Some, such as the level of
interest rates, state and federal tax policies, and the regulatory environment, are out-
side the firm’s control. However, the degree of risk in the projects it undertakes and
the types of funds it raises are under the company’s control, and both have a profound
effect on its cost of capital.

GE's overall cost of capital has been estimated to be about 12.5 percent. There-
fore, to satisfy its investors, GE must generate a return on an average project of at
least 12.5 percent. Some of GE's projects are “home grown” in the sense that the
company has developed a new product or entered a new geographic market. For ex-
ample, GE's aircraft engine division won more than 50 percent of the world’s engine
orders for airline passenger jets, and its appliance division recently introduced the Ad-
vantium speedcooking oven and the ultra-quiet Triton dishwasher. GE began Lexan®
polycarbonate production at a new plastics plant in Cartagena, Spain, and GE Capital
expanded in Japan by creating a new life insurance company. Sometimes GE creates
completely new lines of business, such as its recent entry into e-commerce. In fact, GE
was named “E-Business of the Year” in 2000 by InternetWeek magazine. When GE
evaluates potential projects such as these, it must determine whether the return on
the capital invested in the project exceeds the cost of that capital.

GE also invests by acquiring other companies. In recent years, GE has spent bil-
lions annually to acquire hundreds of companies. For example, GE recently acquired
Marquette Medical Systems, Stewart & Stevenson's gas turbine division, and Phoenix-
cor's commercial equipment leasing portfolio. GE must estimate its expected return
on capital, and the cost of capital, for each of these acquisitions, and then make the
investment only if the return is greater than the cost.

How has GE done with its investments? It has produced a return on capital of
17.2 percent, well above its 12.5 percent estimated cost of capital. With such a large
differential, it is no wonder that GE has created a great deal of value for its investors.

Sources: Various issues of Fortune; the General Electric web site, http://www.ge.com; and the Stern Stewart & Co.
web site, http://www.sternstewart.com.
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The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 06
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

Most important business decisions require capital. For example, when Daimler-Benz
decided to develop the Mercedes ML 320 sports utility vehicle and to build a plant in
Alabama to produce it, Daimler had to estimate the total investment that would be re-
quired and the cost of the required capital. The expected rate of return exceeded the
cost of the capital, so Daimler went ahead with the project. Microsoft had to make a
similar decision with Windows XP, Pfizer with Viagra, and South-Western when it
decided to publish this textbook.

Mergers and acquisitions often require enormous amounts of capital. For example,
Vodafone Group, a large telecommunications company in the United Kingdom, spent
$60 billion to acquire AirTouch Communications, a U.S. telecommunications com-
pany, in 1999. The resulting company, Vodafone AirTouch, later made a $124 billion
offer for Mannesmann, a German company. In both cases, Vodafone estimated the in-
cremental cash flows that would result from the acquisition, then discounted those
cash flows at the estimated cost of capital. The resulting values were greater than the
targets’ market prices, so Vodafone made the offers.

Recent survey evidence indicates that almost half of all large companies have ele-
ments in their compensation plans that use the concept of Economic Value Added
(EVA). As described in Chapter 9, EVA is the difference between net operating profit
after-taxes and a charge for capital, where the capital charge is calculated by multiply-
ing the amount of capital by the cost of capital. Thus, the cost of capital is an increas-
ingly important component of compensation plans.

The cost of capital is also a key factor in choosing the mixture of debt and equity
used to finance the firm. As these examples illustrate, the cost of capital is a critical
element in business decisions.'

The Weighted Average Cost of Capital

What precisely do the terms “cost of capital” and “weighted average cost of capital”
mean? To begin, note that it is possible to finance a firm entirely with common equity.
However, most firms employ several types of capital, called capital components, with
common and preferred stock, along with debt, being the three most frequently used
types. All capital components have one feature in common: The investors who pro-
vided the funds expect to receive a return on their investment.

If a firm’s only investors were common stockholders, then the cost of capital would
be the required rate of return on equity. However, most firms employ different types
of capital, and, due to differences in risk, these different securities have different re-
quired rates of return. The required rate of return on each capital component is called
its component cost, and the cost of capital used to analyze capital budgeting deci-
sions should be a weighted average of the various components’ costs. We call this
weighted average just that, the weighted average cost of capital, or WACC.

Most firms set target percentages for the different financing sources. For example,
National Computer Corporation (NCC) plans to raise 30 percent of its required capital
as debt, 10 percent as preferred stock, and 60 percent as common equity. This is its tar-
get capital structure. We discuss how targets are established in Chapter 13, but for
now simply accept NCC’s 30/10/60 debt, preferred, and common percentages as given.

"The cost of capital is an important factor in the regulation of electric, gas, and telephone companies. These
utilities are natural monopolies in the sense that one firm can supply service at a lower cost than could two
or more firms. Because it has a monopoly, your electric or telephone company could, if it were unregulated,
exploit you. Therefore, regulators (1) determine the cost of the capital investors have provided the utility
and (2) then set rates designed to permit the company to earn its cost of capital, no more and no less.
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Although NCC and other firms try to stay close to their target capital structures,
they frequently deviate in the short run for several reasons. First, market conditions
may be more favorable in one market than another at a particular time. For example,
if the stock market is extremely strong, a company may decide to issue common stock.
The second, and probably more important, reason for deviations relates to flotation
costs, which are the costs that a firm must incur to issue securities. Flotation costs are
addressed in detail later in the chapter, but note that these costs are to a large extent
fixed, so they become prohibitively high if small amounts of capital are raised. Thus,
it is inefficient and expensive to issue relatively small amounts of debt, preferred
stock, and common stock. Therefore, a company might issue common stock one year,
debt in the next couple of years, and preferred the following year, thus fluctuating
around its target capital structure rather than staying right on it all the time.

"This situation can cause managers to make a serious error in selecting projects, a
process called capital budgeting. "To illustrate, assume that NCC is currently at its tar-
get capital structure, and it is now considering how to raise capital to finance next
year’s projects. NCC could raise a combination of debt and equity, but to minimize
flotation costs it will raise either debt or equity, but not both. Suppose NCC borrows
heavily at 8 percent during 2003 to finance long-term projects that yield 10 percent.
In 2004, it has new long-term projects available that yield 13 percent, well above the
return on the 2003 projects. However, to return to its target capital structure, it must
issue equity, which costs 15.3 percent. Therefore, the company might incorrectly re-
ject these 13 percent projects because they would have to be financed with funds cost-
ing 15.3percent.

However, this entire line of reasoning would be incorrect. Why should a company
accept 10 percent long-term projects one year and then reject 13 percent long-term
projects the next? Note also that if NCC had reversed the order of its financing, rais-
ing equity in 2003 and debt in 2004, it would have reversed its decisions, rejecting all
projects in 2003 and accepting them all in 2004. Does it make sense to accept or reject
projects just because of the more or less arbitrary sequence in which capital is raised?
"The answer is no. 70 avoid such errors, managers should view companies as ongoing concerns,
and calculate their costs of capital as weighted averages of the various types of funds they use,
regardless of the specific source of financing employed in a particular year.

The following sections discuss each of the component costs in more detail, and
then we show how to combine them to calculate the weighted average cost of capital.

What are the three major capital components?
What is a component cost?
What is a target capital structure?

Why should the cost of capital used in capital budgeting be calculated as a
weighted average of the various types of funds the firm generally uses rather
than the cost of the specific financing used to fund a particular project?

rd(1 — T)

The first step in estimating the cost of debt is to determine the rate of return
debtholders require, or ry. Although estimating rq is conceptually straightforward,
some problems arise in practice. Companies use both fixed and floating rate debt,
straight and convertible debt, and debt with and without sinking funds, and each form
has a somewhat different cost.

It is unlikely that the financial manager will know at the start of a planning period
the exact types and amounts of debt that will be used during the period: The type or
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types used will depend on the specific assets to be financed and on capital market con-
ditions as they develop over time. Even so, the financial manager does know what
types of debt are typical for his or her firm. For example, NCC typically issues com-
mercial paper to raise short-term money to finance working capital, and it issues 30-
year bonds to raise long-term debt used to finance its capital budgeting projects. Since
the WACC is used primarily in capital budgeting, NCC’s treasurer uses the cost of 30-
year bonds in her WACC estimate.

Assume that it is January 2003, and NCC'’s treasurer is estimating the WACC for
the coming year. How should she calculate the component cost of debt? Most finan-
cial managers would begin by discussing current and prospective interest rates with
their investment bankers. Assume that NCC’s bankers state that a new 30-year, non-
callable, straight bond issue would require an 11 percent coupon rate with semiannual
payments, and that it would be offered to the public at its $1,000 par value. Therefore,
rq is equal to 11 percent.”

Note that the 11 percent is the cost of new, or marginal, debt, and it will proba-
bly not be the same as the average rate on NCC’s previously issued debt, which is
called the historical, or embedded, rate. The embedded cost is important for some
decisions but not for others. For example, the average cost of all the capital raised in
the past and still outstanding is used by regulators when they determine the rate of re-
turn a public utility should be allowed to earn. However, in financial management the
WACC is used primarily to make investment decisions, and these decisions hinge on
projects’ expected future returns versus the cost of new, or marginal, capital. Thus, for
our purposes, the relevant cost is the marginal cost of new debt to be raised during the planning
period.

Suppose NCC had issued debt in the past, and its bonds are publicly traded.
The financial staff could use the market price of the bonds to find their yield to ma-
turity (or yield to call if the bonds sell at a premium and are likely to be called). The
YTM (or YTC) is the rate of return the existing bondholders expect to receive, and
it is also a good estimate of ry, the rate of return that new bondholders would re-
quire.

If NCC had no publicly traded debt, its staff could look at yields on publicly traded
debt of similar firms. This too should provide a reasonable estimate of ry.

The required return to debtholders, ry, is not equal to the company’s cost of debt
because, since interest payments are deductible, the government in effect pays part of
the total cost. As a result, the cost of debt to the firm is less than the rate of return re-
quired by debtholders.

The after-tax cost of debt, rq(1 — T), is used to calculate the weighted average
cost of capital, and it is the interest rate on debt, ry, less the tax savings that result
because interest is deductible. This is the same as ry multiplied by (1 — T), where T is
the firm’s marginal tax rate:’

After-tax component cost of debt = Interest rate — Tax savings
Irq - r dT (6- 1)
rg(1 = T).

>The effective annual rate is (1 + 0.11/2)> — 1 = 11.3%, but NCC and most other companies use nominal
rates for all component costs.

*The federal tax rate for most corporations is 35 percent. However, most corporations are also subject to
state income taxes, so the marginal tax rate on most corporate income is about 40 percent. For illustrative
purposes, we assume that the effective federal-plus-state tax rate on marginal income is 40 percent. The ef-
fective tax rate is zero for a firm with such large current or past losses that it does not pay taxes. In this situ-
ation the after-tax cost of debt is equal to the pre-tax interest rate.
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Therefore, if NCC can borrow at an interest rate of 11 percent, and if it has a marginal
federal-plus-state tax rate of 40 percent, then its after-tax cost of debt is 6.6 percent:

rg(1 = T)

11%(1.0 — 0.4)
11%(0.6)
6.6%.

Flotation costs are usually fairly small for most debt issues, and so most analysts ignore
them when estimating the cost of debt. Later in the chapter we show how to incorpo-
rate flotation costs for those cases in which they are significant.

Why is the after-tax cost of debt rather than the before-tax cost used to calcu-
late the weighted average cost of capital?

Is the relevant cost of debt the interest rate on already outstanding debt or that
on new debt? Why?

Cost of Preferred Stock, rp,

Self-Test
Questions

A number of firms, including NCC, use preferred stock as part of their perma-
nent financing mix. Preferred dividends are not tax deductible. Therefore, the
company bears their full cost, and no tax adjustment is used when calculating the cost
of preferred stock. Note too that while some preferreds are issued without a stated
maturity date, today most have a sinking fund that effectively limits their life. Fi-
nally, although it is not mandatory that preferred dividends be paid, firms generally
have every intention of doing so, because otherwise (1) they cannot pay dividends
on their common stock, (2) they will find it difficult to raise additional funds in the
capital markets, and (3) in some cases preferred stockholders can take control of the
firm.

The component cost of preferred stock used to calculate the weighted average
cost of capital, rp,, is the preferred dividend, D, divided by the net issuing price, P,,,
which is the price the firm receives after deducting flotation costs:

Dy,

Component cost of preferred stock = r (6-2)

ps

n

Flotation costs are higher for preferred stock than for debt, hence they are incorpo-
rated into the formula for preferred stocks’ costs.

To illustrate the calculation, assume that NCC has preferred stock that pays a $10
dividend per share and sells for $100 per share. If NCC issued new shares of preferred,
it would incur an underwriting (or flotation) cost of 2.5 percent, or $2.50 per share,
so it would net $97.50 per share. Therefore, NCC’s cost of preferred stock is 10.3
percent:

rps = $10/§97.50 = 10.3%.

Does the component cost of preferred stock include or exclude flotation costs?
Explain.

Why is no tax adjustment made to the cost of preferred stock?

225



226

The Cost of Capital

Cost of Common Stock, r.

Companies can raise common equity in two ways: (1) directly by issuing new shares
and (2) indirectly by retaining earnings. If new shares are issued, what rate of return
must the company earn to satisfy the new stockholders? In Chapter 3, we saw that in-
vestors require a return of r,. However, a company must earn more than r, on new ex-
ternal equity to provide this rate of return to investors because there are commissions
and fees, called flotation costs, when a firm issues new equity.

Few mature firms issue new shares of common stock.* In fact, less than 2 percent
of all new corporate funds come from the external equity market. There are three rea-
sons for this:

1. Flotation costs can be quite high, as we show later in this chapter.

2. Investors perceive issuing equity as a negative signal with respect to the true value
of the company’s stock. Investors believe that managers have superior knowledge
about companies’ future prospects, and that managers are most likely to issue new
stock when they think the current stock price is higher than the true value. There-
fore, if a mature company announces plans to issue additional shares, this typically
causes its stock price to decline.

3. An increase in the supply of stock will put pressure on the stock’s price, forcing the
company to sell the new stock at a lower price than existed before the new issue was
announced.

Therefore, we assume that the companies in the following examples do not plan to
issue new shares.’

Does new equity capital raised indirectly by retaining earnings have a cost? The
answer is a resounding yes. If some of its earnings are retained, then stockholders will
incur an opportunity cost—the earnings could have been paid out as dividends (or
used to repurchase stock), in which case stockholders could then have reinvested the
money in other investments. Thus, the firm should earn on its reinvested earnings at least
as much as its stockbolders themselves could earn on alternative investments of equivalent risk.

What rate of return can stockholders expect to earn on equivalent-risk invest-
ments? The answer is r,, because they expect to earn that return by simply buying the
stock of the firm in question or that of a similar firm. Therefore, 7, is the cost of common
equity raised internally by vetaining earnings. If a company cannot earn at least r, on rein-
vested earnings, then it should pass those earnings on to its stockholders and let them
invest the money themselves in assets that do provide .

Whereas debt and preferred stock are contractual obligations that have easily de-
termined costs, it is more difficult to estimate r,. However, we can employ the princi-
ples described in Chapters 3 and 5 to produce reasonably good cost of equity esti-
mates. Three methods typically are used: (1) the Capital Asset Pricing Model
(CAPM), (2) the discounted cash flow (DCF) method, and (3) the bond-yield-plus-
risk-premium approach. These methods are not mutually exclusive—no method dom-
inates the others, and all are subject to error when used in practice. Therefore, when

*A few companies issue new shares through new-stock dividend reinvestment plans, which we discuss in
Chapter 14. Also, quite a few companies sell stock to their employees, and companies occasionally issue
stock to finance huge projects or mergers.

There are times when companies should issue stock in spite of these problems, hence we discuss stock is-
sues later in the chapter.
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faced with the task of estimating a company’s cost of equity, we generally use all three
methods and then choose among them on the basis of our confidence in the data used
for each in the specific case at hand.

What are the two sources of equity capital?

Self-Test

Questions Why do most established firms not issue additional shares of common equity?

Explain why there is a cost to using retained earnings; that is, why aren’t retained
earnings a free source of capital?

The CAPM Approach

"To estimate the cost of common stock using the Capital Asset Pricing Model (CAPM)
as discussed in Chapter 3, we proceed as follows:

Step 1. Estimate the risk-free rate, ryy.

Step 2. Estimate the current expected market risk premium, RPy;.°

Step 3. Estimate the stock’s beta coefficient, b;, and use it as an index of the stock’s
risk. The i signifies the /th company’s beta.

Step 4. Substitute the preceding values into the CAPM equation to estimate the re-
quired rate of return on the stock in question:

r, = rgp + (RPypb;. (6-3)

Equation 6-3 shows that the CAPM estimate of r, begins with the risk-free rate, rgy,
to which is added a risk premium set equal to the risk premium on the market, RPy;,
scaled up or down to reflect the particular stock’s risk as measured by its beta coeffi-
cient. The following sections explain how to implement the four-step process.

Estimating the Risk-Free Rate

The starting point for the CAPM cost of equity estimate is rgy, the risk-free rate.
There is really no such thing as a truly riskless asset in the U.S. economy. Treasury
securities are essentially free of default risk, but nonindexed long-term T-bonds will
suffer capital losses if interest rates rise, and a portfolio of short-term T-bills will pro-
vide a volatile earnings stream because the rate earned on T-bills varies over time.

Since we cannot in practice find a truly riskless rate upon which to base the
CAPM, what rate should we use? A recent survey of highly regarded companies shows
that about two-thirds of the companies use the rate on long-term Treasury bonds.”
We agree with their choice, and here are our reasons:

1. Common stocks are long-term securities, and although a particular stockholder
may not have a long investment horizon, most stockholders do invest on a long-
term basis. Therefore, it is reasonable to think that stock returns embody long-
term inflation expectations similar to those reflected in bonds rather than the
short-term expectations in bills.

%Recall from Chapter 3 that the market risk premium is the expected market return minus the risk-free rate.

’See Robert F. Bruner, Kenneth M. Eades, Robert S. Harris, and Robert C. Higgins, “Best Practices in Es-
timating the Cost of Capital: Survey and Synthesis,” Financial Practice and Education, Spring/Summer 1998,
13-28.
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2. 'Treasury bill rates are more volatile than are Treasury bond rates and, most experts
agree, more volatile than r,.

3. In theory, the CAPM is supposed to measure the expected return over a particular
holding period. When it is used to estimate the cost of equity for a project, the the-
oretically correct holding period is the life of the project. Since many projects have
long lives, the holding period for the CAPM also should be long. Therefore, the
rate on a long-term T-bond is a logical choice for the risk-free rate.

In light of the preceding discussion, we believe that the cost of common equity is
more closely related to Treasury bond rates than to T-bill rates. This leads us to favor
T-bonds as the base rate, or rgy, in a CAPM cost of equity analysis. T-bond rates can
be found in The Wall Street fournal or the Federal Reserve Bulletin. Generally, we use
the yield on a 10-year T-bond as the proxy for the risk-free rate.

Estimating the Market Risk Premium

The market risk premium, RPyy, is the expected market return minus the risk-free
rate, ry; — I'rp. 1t can be estimated on the basis of (1) historical data or (2) forward-
looking data.

Historical Risk Premium A very complete and accurate historical risk premium
study, updated annually, is available for a fee from Ibbotson Associates, who examine
market data over long periods of time to find the average annual rates of return on
stocks, T-bills, T-bonds, and a set of high-grade corporate bonds.® For example, Table
6-1 summarizes some results from their 2001 study, which covers the period
1926-2000.

"Table 6-1 shows that the historical risk premium of stocks over long-term T-bonds
is about 7.3 percent when using the arithmetic average and about 5.7 percent when us-
ing the geometric average. This leads to the question of which average to use. Keep in
mind that the logic behind using historical risk premiums to estimate the current risk
premium is the basic assumption that the future will resemble the past. If this assump-
tion is reasonable, then the annual arithmetic average is the theoretically correct pre-
dictor for next year’s risk premium. On the other hand, the geometric average is a bet-
ter predictor of the risk premium over a longer future interval, say, the next 20 years.

However, it is not at all clear that the future will be like the past. For example, the
choice of the beginning and ending periods can have a major effect on the calculated
risk premiums. Ibbotson Associates used the longest period available to them, but had
their data begun some years earlier or later, or ended earlier, their results would have
been very different. In fact, using data for the past 30 or 40 years, the arithmetic average
market risk premium has ranged from 5 to 6 percent, which is quite different than the
7.3 percent over the last 75 years. Note too that using periods as short as 5 to 10 years
can lead to bizarre results. Indeed, over many periods the Ibbotson data would indicate
negative risk premiums, which would lead to the conclusion that Treasury securities
have a higher required return than common stocks. That, of course, is contrary to both
financial theory and common sense. All this suggests that historical risk premiums
should be approached with caution. As one businessman muttered after listening to a
professor give a lecture on the CAPM, “Beware of academicians bearing gifts!”

8See Stocks, Bonds, Bills and Inflation: 2001 Yearbook (Chicago: Ibbotson Associates, 2001). Also, note that
Ibbotson now recommends using the T-bond rate as the proxy for the risk-free rate when using the CAPM.
Before 1988, Ibbotson recommended that T-bills be used.
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TABLE 6-1 Selected Ibbotson Associates Data, 1926-2000

Arithmetic Mean® Geometric Mean®

Average Rates of Return

Common stocks 13.0% 11.0%
Long-term government bonds 5.7 5.3
Implied Risk Premiums

Common stocks over T-bonds 7.3% 5.7%

“Ibbotson Associates calculates average returns in two ways: (1) by taking each of the annual holding period returns
and deriving the arithmetic average of these annual returns and (2) by finding the compound annual rate of return
over the whole period, which amounts to a geometric average.

Forward-Looking Risk Premiums An alternative to the historical risk premium is to
estimate a forward-looking, or ex ante, risk premium. The most common approach is to
use the discounted cash flow (DCF) model to estimate the expected market rate of re-
turn, Tty = ryp, and then calculate RPy as ryy — rrp. This procedure recognizes that if
markets are in equilibrium, the expected rate of return on the market is also its required
rate of return, so when we estimate ry;, we are also estimating ryy:

Expected _ . D,

=r = — + =r + RP =r —
rate of return M P, 8 = IrF M = I'nM

Required
rate of return’

In words, the required return on the market is the sum of the expected dividend yield
plus the expected growth rate. Note that the expected dividend yield, D /Py, can be
found using the current dividend yield and the expected growth rate: D1/Py = Do(1 +
2)/Pg. Therefore, to estimate the required return on the market, all you need are esti-
mates of the current dividend yield and the expected growth rate in dividends. Several
data sources report the current dividend yield on the market, as measured by the S&P
500. For example, Yahoo! reports a current dividend yield of 1.78 percent for the S&P
500. Yahoo! also reports a 9.03 percent annual growth rate of dividends for the S&P
500 during the past five years. However, we need the expected future growth in divi-
dends, not the past growth rate.

To the best of our knowledge, there are no free sources that report analysts’ esti-
mates of the expected future dividend growth rates for the S&P 500. Although we
can't find the S&P 500's expected dividend growth rate, there are sources that report
the S&P 500's expected earnings growth rate. For example, Yahoo! reports a 13.03
percent estimate for the S&P 500's expected annualized earnings growth rate.

Given these data limitations, there are two practical approaches for estimating
the forward-looking risk premium. First, you could use the current dividend yield
and assume that the future growth rate in dividends will be similar to the past
five-year growth rate in dividends. Using this approach, the required return on the
market is

Dy
=|=—=0+g|+
{Po (I+g) g

[0.0178(1 + 0.0903)] + 0.0903
01097 = 10.97%.
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Given a current 10-year T-bond rate of around 4.24 percent, the estimated
forward-looking risk premium from this approach is about 10.97 — 4.24 = 6.73 per-
cent.

The second approach is to assume the forecasted earnings growth rate will equal
the dividend growth rate.” Using this growth estimate, you could estimate the re-
quired return on the market and the forward-looking risk premium as shown above.

In recent years, estimates of the forward-looking risk premium have usually
ranged from 4.5 to 6.5 percent, depending on the date of the estimate and the data
sources used by the analyst.

Our View on the Market Risk Premium After reading the previous sections, you
might well be confused about the correct market risk premium, since the different ap-
proaches give differentresults. Using the historical Ibbotson data over the last 75 years, it
appears that the market risk premium is somewhere between 5.7 and 7.3 percent, de-
pending on whether you use an arithmetic average or a geometric average. However, in
the past 30 to 40 years, the historical premium has been in the range of 5 to 6 percent. Us-
ing the forward-looking approach, itappears that the marketrisk premium is somewhere
in the area of 4.5 to 6.5 percent. To further muddy the waters, the previously cited survey
indicates that 37 percent of responding companies use a market risk premium of 5 to 6
percent, 15 percent use a premium provided by their financial advisors (who typically
make a recommendation of about 7 percent), and 11 percent use a premium in the range
of 4 to 4.5 percent. Moreover, it has been toward the low end of the range when interest
rates were high and toward the high end when rates were low.

Here is our opinion. The risk premium is driven primarily by investors’ attitudes
toward risk, and there are good reasons to believe that investors are less risk averse to-
day than 50 years ago. The advent of pension plans, Social Security, health insurance,
and disability insurance means that people today can take more chances with their in-
vestments, which should make them less risk averse. Also, many households have dual
incomes, which also allow investors to take more chances. Finally, the historical aver-
age return on the market as Ibbotson measures it is probably too high due to a sur-
vivorship bias. Putting it all together, we conclude that the true risk premium in 2002
is almost certainly lower than the long-term historical average of more than 7 percent.

But how much lower is the current premium? In our consulting, we typically use a
risk premium of 5.5 percent, but we would have a hard time arguing with someone
who used a risk premium in the range of 4.5 to 6.5 percent. The bottom line is that
there is no way to prove that a particular risk premium is either right or wrong, al-
though we are extremely doubtful that the premium market is less than 4 percent or
greater than 7 percent.

Estimating Beta

Recall from Chapter 3 that beta is usually estimated as the slope coefficient in a regres-
sion, with the company’s stock returns on the y-axis and market returns on the x-axis.
The resulting beta is called the historical beta, since itis based on historical data. Although
this approach is conceptually straightforward, complications quickly arise in practice.

°In theory, the constant growth rate for sales, earnings, and dividends ought to be equal. However, this has
not been true for past growth rates. For example, the S&P 500 has had past five-year annual average growth
rates of 15.17 percent for sales, 17.49 percent for earnings per share, and 9.03 percent for dividends. Thus,
an analyst must use judgment when using the forecasted growth rate in earnings to estimate the forecasted
growth rate in dividends.
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First, there is no theoretical guidance as to the correct holding period over which
to measure returns. The returns for a company can be calculated using daily, weekly,
or monthly time periods, and the resulting estimates of beta will differ. Beta is also
sensitive to the number of observations used in the regression. With too few observa-
tions, the regression loses statistical power, but with too many, the “true” beta may
have changed during the sample period. In practice, it is common to use either four to
five years of monthly returns or one to two years of weekly returns.

Second, the market return should, theoretically, reflect every asset, even the hu-
man capital being built by students. In practice, however, it is common to use only an
index of common stocks such as the S&P 500, the NYSE Composite, or the Wilshire
5000. Even though these indexes are highly correlated with one another, using differ-
ent indexes in the regression will often result in different estimates of beta.

Third, some organizations modify the calculated historical beta in order to pro-
duce what they deem to be a more accurate estimate of the “true” beta, where the true
beta is the one that reflects the risk perceptions of the marginal investor. One modifi-
cation, called an adjusted beta, attempts to correct a possible statistical bias by adjusting
the historical beta to make it closer to the average beta of 1.0. Another modification,
called a fundamental beta, incorporates information about the company, such as
changes in its product lines and capital structure.

Fourth, even the best estimates of beta for an individual company are statistically
imprecise. The average company has an estimated beta of 1.0, but the 95 percent con-
fidence interval ranges from about 0.6 to 1.4. For example, if your regression produces
an estimated beta of 1.0, then you can be 95 percent sure that the true beta is in the
range of 0.6 to 1.4.

So, you should always bear in mind that while the estimated beta is useful when
calculating the required return on stock, it is not absolutely correct. Therefore, man-
agers and financial analysts must learn to live with some uncertainty when estimating
the cost of capital.

An lllustration of the CAPM Approach

To illustrate the CAPM approach for NCC, assume that rgr = 8%, RPy = 6%, and
b; = 1.1, indicating that NCC is somewhat riskier than average. Therefore, NCC’s
cost of equity is 14.6 percent:

r, = 8% + (6%)(1.1)
8% + 6.6% (6-32)
= 14.6%.

It should be noted that although the CAPM approach appears to yield an ac-
curate, precise estimate of ry, it is hard to know the correct estimates of the in-
puts required to make it operational because (1) it is hard to estimate the beta
that investors expect the company to have in the future, and (2) it is difficult
to estimate the market risk premium. Despite these difficulties, surveys indicate
that CAPM is the preferred choice for the vast majority of companies.

What is generally considered to be the most appropriate estimate of the risk-
free rate, the yield on a short-term T-bill or the yield on a long-term
T-bond?

Explain the two methods for estimating the market risk premium, that is, the his-
torical data approach and the forward-looking approach.

What are some of the problems encountered when estimating beta?
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Dividend-Yield-plus-Growth-Rate, or
Discounted Cash Flow (DCF), Approach

In Chapter 5, we saw that if dividends are expected to grow at a constant rate, then the
price of a stock is
D,
Py = . 6-9
r,— g

Here Py is the current price of the stock; D is the dividend expected to be paid at the
end of Year 1 and r; is the required rate of return. We can solve for r, to obtain the re-
quired rate of return on common equity, which for the marginal investor is also equal
to the expected rate of return:

T = iy = Dy + Expected g. (6-5)
Py
Thus, investors expect to receive a dividend yield, D/Py, plus a capital gain, g, for a
total expected return of . In equilibrium this expected return is also equal to the re-
quired return, r,. This method of estimating the cost of equity is called the dis-
counted cash flow, or DCF, method. Henceforth, we will assume that equilibrium
exists, hence r, = t,, so we can use the terms r, and t, interchangeably.

Estimating Inputs for the DCF Approach

Three inputs are required to use the DCF approach: the current stock price, the cur-
rent dividend, and the expected growth in dividends. Of these inputs, the growth rate
is by far the most difficult to estimate. The following sections describe the most com-
monly used approaches for estimating the growth rate: (1) historical growth rates,
(2) the retention growth model, and (3) analysts’ forecasts.

Historical Growth Rates First, if earnings and dividend growth rates have been rel-
atively stable in the past, and if investors expect these trends to continue, then the past
realized growth rate may be used as an estimate of the expected future growth rate.

We explain several different methods for estimating historical growth in the Web
Extension to this chapter, found on the textbook’s web site; the spreadsheet in the file
Ch 06 Tool Kit.xIs shows the calculations. For NCC, these different methods produce
estimates of historical growth ranging from 4.6 percent to 11.0 percent, with most es-
timates fairly close to 7 percent.

As the Cb 06 Tool Kit.xls shows, one can take a given set of historical data and, de-
pending on the years and the calculation method used, obtain a large number of quite
different growth rates. Now recall our purpose in making these calculations: We are
seeking the future dividend growth rate that investors expect, and we reasoned that, if
past growth rates have been stable, then investors might base future expectations on
past trends. This is a reasonable proposition, but, unfortunately, we rarely find much
historical stability. Therefore, the use of historical growth rates in a DCF analysis
must be applied with judgment, and also be used (if at all) in conjunction with other
growth estimation methods as discussed next.

Retention Growth Model Most firms pay out some of their net income as div-
idends and reinvest, or retain, the rest. The payout ratio is the percent of net income
that the firm pays out as a dividend, defined as total dividends divided by net income;
see Chapter 10 for more details on ratios. The retention ratio is the complement of
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the payout ratio: Retention ration = (1 — Payout ratio). ROE is the return on equity,
defined as net income available for common stockholders divided by common equity.
Although we don’t prove it here, you should find it reasonable that the growth rate of
a firm will depend on the amount of net income that it retains and the rate it earns on
the retentions. Using this logic, we can write the retention growth model:

g = ROE (Retention ratio). (6-6)

Equation 6-6 produces a constant growth rate, but when we use it we are, by implica-
tion, making four important assumptions: (1) We expect the payout rate, and thus the
retention rate, to remain constant; (2) we expect the return on equity on new invest-
ment to remain constant; (3) the firm is not expected to issue new common stock, or, if
it does, we expect this new stock to be sold at a price equal to its book value; and (4) fu-
ture projects are expected to have the same degree of risk as the firm’s existing assets.

NCC has had an average return on equity of about 14.5 percent over the past
15 years. The ROE has been relatively steady, but even so it has ranged from a
low of 11.0 percent to a high of 17.6 percent. In addition, NCC’ dividend payout
rate has averaged 0.52 over the past 15 years, so its retention rate has averaged 1.0 —
0.52 = 0.48. Using Equation 6-6, we estimate g to be 7 percent:

g = 14.5% (0.48) = 7%.

Analysts’ Forecasts A third technique calls for using security analysts’ forecasts.
Analysts publish growth rate estimates for most of the larger publicly owned compa-
nies. For example, Value Line provides such forecasts on 1,700 companies, and all of
the larger brokerage houses provide similar forecasts. Further, several companies
compile analysts’ forecasts on a regular basis and provide summary information such
as the median and range of forecasts on widely followed companies. These growth
rate summaries, such as the ones compiled by Zack’s or by Thomson Financial Net-
work, can be found on the Internet.

However, these forecasts often involve nonconstant growth. For example, some an-
alysts were forecasting that NCC would have a 10.4 percent annual growth rate in earn-
ings and dividends over the next five years, buta growth rate beyond that of 6.5 percent.

"This nonconstant growth forecast can be used to develop a proxy constant growth
rate. Computer simulations indicate that dividends beyond Year 50 contribute very
little to the value of any stock—the present value of dividends beyond Year 50 is vir-
tually zero, so for practical purposes, we can ignore anything beyond 50 years. If we
consider only a 50-year horizon, we can develop a weighted average growth rate
and use it as a constant growth rate for cost of capital purposes. In the NCC case, we
assumed a growth rate of 10.4 percent for 5 years followed by a growth rate of
6.5 percent for 45 years. We weight the short-term growth by 5/50 = 10% and the
long-term growth by 45/50 = 90%. This produces an average growth rate of
0.10(10.4%) + 0.90(6.5%) = 6.9%.

Rather than convert nonconstant growth estimates into an approximate average
growth rate, it is possible to use the nonconstant growth estimates to directly estimate
the required return on common stock. See the Web Extension to this chapter for an
explanation of this approach; all calculations are in the file Ch 06 Tool Kit.xls.

lllustration of the Discounted Cash Flow Approach

To illustrate the DCF approach, suppose NCC’s stock sells for $32; its next expected
dividend is $2.40; and its expected growth rate is 7 percent. NCC’ expected and re-
quired rate of return, hence its cost of common stock, would then be 14.5 percent:
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$2.40
= +7.0%
f=r=g300 770

7.5% + 7.0%
=14.5%.

Evaluating the Methods for Estimating Growth

Note that the DCF approach expresses the cost of common equity as the dividend
yield (the expected dividend divided by the current price) and the growth rate. The
dividend yield can be estimated with a high degree of certainty, but the growth esti-
mate causes uncertainty as to the DCF cost estimate. We discussed three methods: (1)
historical growth rates, (2) retention growth model, and (3) analysts’ forecasts. Of
these three methods, studies have shown that analysts’ forecasts usually represent the
best source of growth rate data for DCF cost of capital estimates. '

Bond-Yield-plus-Risk-Premium Approach

Some analysts use a subjective, ad hoc procedure to estimate a firm’s cost of common
equity: they simply add a judgmental risk premium of 3 to 5 percentage points to the
interest rate on the firm’s own long-term debt. It is logical to think that firms with
risky, low-rated, and consequently high-interest-rate debt will also have risky, high-
cost equity, and the procedure of basing the cost of equity on a readily observable debt
cost utilizes this logic. For example, if an extremely strong firm such as BellSouth had
bonds which yielded 8 percent, its cost of equity might be estimated as follows:

r, = Bond yield + Risk premium = 8% + 4% = 12%.

The bonds of NCC, a riskier company, have a yield of 10.4 percent, making its esti-
mated cost of equity 14.4 percent:

ry =11% + 4% = 15%.

Because the 4 percent risk premium is a judgmental estimate, the estimated value
of r, is also judgmental. Empirical work suggests that the risk premium over a firm’s
own bond yield has generally ranged from 3 to 5 percentage points, so this method is
not likely to produce a precise cost of equity. However, it can get us “into the right

ballpark.”

What is the reasoning behind the bond-yield-plus-risk-premium approach?

Comparison of the CAPM, DCF, and
Bond-Yield-plus-Risk-Premium Methods

We have discussed three methods for estimating the required return on common
stock. For NCC, the CAPM estimate is 14.6 percent, the DCF constant growth esti-
mate is 14.5 percent, and the bond-yield-plus-risk-premium is 14.4 percent. The

19See Robert Harris, “Using Analysts’ Growth Rate Forecasts to Estimate Shareholder Required Rates of
Return,” Financial Management, Spring 1986, 58-67. Analysts’ forecasts are the best predictors of actual
future growth, and also the growth rate investors say they use in valuing stocks.
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overall average of these three methods is (14.6% + 14.5% + 14.4%)/3 = 14.5%.
These results are unusually consistent, so it would make little difference which one we
used. However, if the methods produced widely varied estimates, then a financial ana-
lyst would have to use his or her judgment as to the relative merits of each estimate
and then choose the estimate that seemed most reasonable under the circumstances.

Recent surveys found that the CAPM approach is by far the most widely used
method. Although most firms use more than one method, almost 74 percent of re-
spondents in one survey, and 85 percent in the other, used the CAPM."" This is in
sharp contrast to a 1982 survey, which found that only 30 percent of respondents used
the CAPM."? Approximately 16 percent now use the DCF approach, down from 31
percent in 1982. The bond-yield-plus-risk-premium is used primarily by companies
that are not publicly traded.

People experienced in estimating the cost of equity recognize that both careful
analysis and sound judgment are required. It would be nice to pretend that judgment
is unnecessary and to specify an easy, precise way of determining the exact cost of eq-
uity capital. Unfortunately, this is not possible—finance is in large part a matter of
judgment, and we simply must face that fact.

Self-Test Which approach is used most often by businesses today?
Question

Composite, or Weighted Average, Cost of Capital, WACC

As we shall see in Chapter 13, each firm has an optimal capital structure, defined as that
mix of debt, preferred, and common equity that causes its stock price to be maximized.
Therefore, a value-maximizing firm will establish a target (optimal) capital structure and
then raise new capital in a manner that will keep the actual capital structure on target
over time. In this chapter, we assume that the firm has identified its optimal capital struc-
ture, that it uses this optimum as the target, and that it finances so as to remain constantly
on target. How the target s established will be examined in Chapter 13.

The target proportions of debt, preferred stock, and common equity, along with the
component costs of capital, are used to calculate the firm’s WACC. To illustrate, sup-
pose NCC has a target capital structure calling for 30 percent debt, 10 percent pre-
ferred stock, and 60 percent common equity. Its before-tax cost of debt, ry, is 11 per-
cent; its after-tax cost of debt is rg(1 — T) = 11%(0.6) = 6.6%; its cost of preferred
stock, 1y, is 10.3 percent; its cost of common equity, 1y, is 14.5 percent; its marginal tax
rate is 40 percent; and all of its new equity will come from retained earnings. We can
calculate NCC’s weighted average cost of capital, WACC, as follows:

!1See John R. Graham and Campbell Harvey, “The Theory and Practice of Corporate Finance: Evidence
from the Field,” Fournal of Financial Economics, Vol. 60, no. 1, 2001, and the paper cited in Footnote 7. In-
terestingly, a growing number of firms (about 34 percent) also are using CAPM-type models with more
than one factor. Of these firms, over 40 percent include factors for interest-rate risk, foreign exchange risk,
and business cycle risk (proxied by gross domestic product). More than 20 percent of these firms include a
factor for inflation, size, and exposure to particular commodity prices. Less than 20 percent of these firms
make adjustments due to distress factors, book-to-market ratios, or momentum factors.

12See Lawrence J. Gitman and Vincent Mecurio, “Cost of Capital Techniques Used by Major U.S. Firms:
Survey Analysis of Fortune’s 1000, Financial Management, Vol. 14, 1982, 21-29.
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WACC Estimates for Some Large U.S. Corporations

Our table presents some recent WACC estimates as calcu- Book Value
lated by Stern Stewart & Company for a sample of corpora- Company” wacc® Debt Ratio®
gens ong Ruitliithelr QebLedrdn it General Electric (GE) 125 60.2%
These estimates suggest that a typical company has a

WACC somewhere in the 7 to 13 percent range and that Coca-Cola (KO) 125 13
WACGC s vary considerably depending on (1) the company’s Intel INTC) 12.2 2.9
risk and (2) the amount of debt it uses. Companies in riskier Motorola (MOT) 1.7 31.5
businesses, such as Intel, presumably have higher costs of Wal-Mart (WMT) 11.0 36.3
common equity. Moreover, they tend not to use as much Walt Disney (DIS) 9.3 3140
debt. These two factors, in combination, result in higher AT&T (T) 9.2 23.1
WACC:s than those of companies that operate in more stable Exxon Mobil (XOM) 8.2 9.1
bus?nesses, such as BellSouth. We will di.sc.uss the effects of H.J. Heinz (HN2) 78 75.4
capital structure on WACC in more detail in Chapter 13. BellSouth (BLS) 7.4 422

Note that riskier companies may also have the potential
for producing higher returns, and what really matters to
shareholders is whether a company is able to generate re-
turns in excess of its cost of capital.

Notes:

“Ticker symbols are shown in parentheses.

bValues are from http://www.sternstewart.com, The 2000 Stern
Stewart Performance 1000.

This is Long-term debt/(Long-term debt + Equity), obtained from
http://yahoo.marketguide.com.

Source: Various issues of Fortune, the General Electric web site,
http://www.ge.com, and the Stern Stewart & Co. web site, http://www.
sternstewart.com.

WACC = warg(l = T) + Wty + Weely (6-7)

= 0.3(11.0%)(0.6) + 0.1(10.3%) + 0.6(14.5%)
= 11.7%.

Here wg, Wy, and w,, are the weights used for debt, preferred, and common equity,
respectively.

Every dollar of new capital that NCC obtains will on average consist of 30 cents of
debt with an after-tax cost of 6.6 percent, 10 cents of preferred stock with a cost of
10.3 percent, and 60 cents of common equity with a cost of 14.5 percent. The average
cost of each whole dollar, the WACC, is 11.7 percent.

Two points should be noted. First, the WACC is the weighted average cost of each
new, or marginal, dollar of capital—it is not the average cost of all dollars raised in the
past. We are primarily interested in obtaining a cost of capital to use in discounting fu-
ture cash flows, and for this purpose the cost of the new money that will be invested is
the relevant cost. On average, each of these new dollars will consist of some debt,
some preferred, and some common equity.

Second, the percentages of each capital component, called weights, could be based
on (1) accounting values as shown on the balance sheet (book values), (2) current mar-
ket values of the capital components, or (3) management’s target capital structure,
which is presumably an estimate of the firm’s optimal capital structure. The correct
weights are those based on the firm’s tavget capital structure, since this is the best estimate of
how the firm will, on average, raise money in the future. Recent survey evidence indicates
that the majority of firms do base their weights on target capital structures, and that
the target structures reflect market values.
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Self-Test How does one calculate the weighted average cost of capital? Write out the

Questions  cauation:
On what should the weights be based?

Factors That Affect the Weighted Average Cost of Capital

The cost of capital is affected by a number of factors. Some are beyond the firm’s con-
trol, but others are influenced by its financing and investment policies.

Factors the Firm Cannot Control

The three most important factors that are beyond a firm’s direct control are (1) the
level of interest rates, (2) the market risk premium, and (3) tax rates.

The Level of Interest Rates If interest rates in the economy rise, the cost of debt
increases because firms will have to pay bondholders a higher interest rate to obtain
debt capital. Also, recall from our discussion of the CAPM that higher interest rates
also increase the costs of common and preferred equity. During the 1990s, interest
rates in the United States declined significantly. This reduced the cost of both debt
and equity capital for all firms, which encouraged additional investment. Lower in-
terest rates also enabled U.S. firms to compete more effectively with German and
Japanese firms, which in the past had enjoyed relatively low costs of capital.

Market Risk Premium The perceived risk inherent in stocks, along with investors’
aversion to risk, determine the market risk premium. Individual firms have no control
over this factor, but it affects the cost of equity and, through a substitution effect, the
cost of debt, and thus the WACC.

Tax Rates ‘lax rates, which are largely beyond the control of an individual firm
(although firms do lobby for more favorable tax treatment), have an important effect
on the cost of capital. Tax rates are used in the calculation of the cost of debt as
used in the WACC, and there are other less obvious ways in which tax policy affects
the cost of capital. For example, lowering the capital gains tax rate relative to the rate
on ordinary income would make stocks more attractive, which would reduce the
cost of equity relative to that of debt. That would, as we will see in Chapter 13, lead
to a change in a firm’s optimal capital structure toward less debt and more equity.

Factors the Firm Can Control

A firm can affect its cost of capital through (1) its capital structure policy, (2) its divi-
dend policy, and (3) its investment (capital budgeting) policy.

Capital Structure Policy In this chapter, we assume that a firm has a given target
capital structure, and we use weights based on that target structure to calculate the
WACC. It is clear, though, that a firm can change its capital structure, and such a
change can affect its cost of capital. First, beta is a function of financial leverage, so
capital structure affects the cost of equity. Second, the after-tax cost of debt is lower
than the cost of equity. Therefore, if the firm decides to use more debt and less com-
mon equity, this change in the weights in the WACC equation will tend to lower the
WACC. However, an increase in the use of debt will increase the riskiness of both the
debt and the equity, and increases in component costs will tend to offset the effects of
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Global Variations in the Cost of Capital

For U.S. firms to be competitive with foreign companies,
they must have a cost of capital no greater than that faced by
their international competitors. In the past, many experts ar-
gued that U.S. firms were at a disadvantage. In particular,
Japanese firms enjoyed a very low cost of capital, which low-
ered their total costs and thus made it hard for U.S. firms to
compete. Recent events, however, have considerably nar-
rowed cost of capital differences between U.S. and Japanese
firms. In particular, the U.S. stock market has outperformed
the Japanese market in the last decade, which has made it
easier and cheaper for U.S. firms to raise equity capital.

As capital markets become increasingly integrated, cross-
country differences in the cost of capital are disappearing.
Today, most large corporations raise capital throughout the
world, hence we are moving toward one global capital mar-
ket rather than distinct capital markets in each country. Al-
though government policies and market conditions can af-
fect the cost of capital within a given country, this primarily
affects smaller firms that do not have access to global capital
markets, and even these differences are becoming less im-
portant as time goes by. What matters most is the risk of the
individual firm, not the market in which it raises capital.

the change in the weights. In Chapter 13 we will discuss this in more depth, and we
will demonstrate that a firm’s optimal capital structure is the one that minimizes its
cost of capital.

Dividend Policy As we shall see in Chapter 14, the percentage of earnings paid out
in dividends may affect a stock’s required rate of return, r,. Also, if a firm’s payout ra-
tio is so high that it must issue new stock to fund its capital budget, this will force it to
incur flotation costs, and this too will affect its cost of capital. This second point is dis-
cussed in detail later in this chapter and also in Chapter 14.

Investment Policy When we estimate the cost of capital, we use as the starting
point the required rates of return on the firm’s outstanding stock and bonds. Those
rates reflect the risk of the firm’s existing assets. Therefore, we have implicitly been as-
suming that new capital will be invested in assets and with the same degree of risk as
existing assets. This assumption is generally correct, as most firms do invest in assets
similar to those they currently use. However, it would be incorrect if a firm dramati-
cally changed its investment policy. For example, if a firm invests in an entirely new
line of business, its marginal cost of capital should reflect the riskiness of that new
business. To illustrate, Time Warner’s merger with AOL undoubtedly increased its
risk and cost of capital.

What three factors that affect the cost of capital are generally beyond the firm’'s
control?

Self-Test

Questions . , _ _
What three policies under the firm’s control are likely to affect its cost of

capital?

Explain how a change in interest rates in the economy would affect each compo-
nent of the weighted average cost of capital.

Adjusting the Cost of Capital for Risk

As we have calculated it, the cost of capital reflects the average risk and overall capital
structure of the entire firm. But what if a firm has divisions in several business lines
that differ in risk? Or what if a company is considering a project that is much riskier
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than its typical project? It doesn’t make sense for a company to use its overall cost of
capital to discount divisional or project-specific cash flows that don’t have the same
risk as the company’s average cash flows. The following sections explain how to adjust
the cost of capital for divisions and for specific projects.

The Divisional Cost of Capital

Consider Starlight Sandwich Shops, a company with two divisions—a bakery opera-
tion and a chain of cafes. The bakery division is low risk and has a 10 percent cost of
capital. The cafe division is riskier and has a 14 percent cost of capital. Each division is
approximately the same size, so Starlight’s overall cost of capital is 12 percent. The
bakery manager has a project with an 11 percent expected rate of return, and the cafe
division manager has a project with a 13 percent expected return. Should these proj-
ects be accepted or rejected? Starlight can create value if it accepts the bakery’s
project, since its rate of return is greater than its cost of capital (11% > 10%), but the
cafe project’s rate of return is less than its cost of capital (13% < 14%), so it should be
rejected. However, if one simply compared the two projects’ returns with Starlight’s
12 percent overall cost of capital, then the bakery’s value-adding project would be re-
jected while the cafe’s value-destroying project would be accepted.

Many firms use the CAPM to estimate the cost of capital for specific divisions. To
begin, recall that the Security Market Line equation expresses the risk/return rela-
tionship as follows:

r, = rgp + (RPpypb;.

As an example, consider the case of Huron Steel Company, an integrated steel producer
operating in the Great Lakes region. For simplicity, assume that Huron has only one di-
vision and uses only equity capital, so its cost of equity is also its corporate cost of capi-
tal, or WACC. Huron’s beta = b = 1.1; rgp = 7%; and RPy; = 6%. Thus, Huron’s cost
of equity is 13.6 percent:

rs=7% + (6%)1.1 = 13.6%.

This suggests that investors should be willing to give Huron money to invest in
average-risk projectsif the company expects to earn 13.6 percent or more on this money.
By average risk we mean projects having risk similar to the firm’s existing division.

Now suppose Huron creates a new transportation division consisting of a fleet of
barges to haul iron ore, and barge operations have betas of 1.5 rather than 1.1. The
barge division, with b = 1.5, has a 16.0 percent cost of capital:

rBarge =7% + (6%)15 =16.0%.

On the other hand, if Huron adds a low-risk division, such as a new distribution cen-
ter with a beta of only 0.5, its divisional cost of capital would be 10 percent:

TCenter = 7% + (6%)05 = 10.0%.

A firm itself may be regarded as a “portfolio of assets,” and since the beta of a port-
folio is a weighted average of the betas of its individual assets, adding the barge and
distribution center divisions will change Huron’s overall beta. The exact value of the
new beta would depend on the relative size of the investment in the new divisions ver-
sus Huron’s original steel operations. If 70 percent of Huron’s total value ends up in
the steel division, 20 percent in the barge division, and 10 percent in the distribution
center, then its new corporate beta would be

New beta = 0.7(1.1) + 0.2(1.5) + 0.1(0.5) = 1.12.
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Thus, investors in Huron’s stock would have a required return of:

RHuron =7% + (6%)1.12 =13.72%.

Even though the investors require an overall return of 13.72 percent, they would

expect a return of at least 13.6 percent from the steel division, 16.0 percent from the
barge division, and 10.0 percent from the distribution center.

Figure 6-1 gives a graphic summary of these concepts as applied to Huron Steel.

Note the following points:

1.

The SML is the same Security Market Line that we discussed in Chapter 3. It
shows how investors are willing to make trade-offs between risk as measured by
beta and expected returns. The higher the beta risk, the higher the rate of return
needed to compensate investors for bearing this risk. The SML specifies the nature
of this relationship.

. Huron Steel initially has a beta of 1.1, so its required rate of return on average-risk

investments in its original steel operations is 13.6 percent.

. High-risk investments such as the barge line require higher rates of return,

whereas low-risk investments such as the distribution center require lower rates of
return.

. If the expected rate of return on a given capital project lies above the SML, the ex-

pected rate of return on the project is more than enough to compensate for its risk,
and the project should be accepted. Conversely, if the project’s rate of return lies
below the SML, it should be rejected. Thus, Project M in Figure 6-1 is acceptable,
whereas Project N should be rejected. N has a higher expected return than M, but
the differential is not enough to offset its much higher risk.

. For simplicity, the Huron Steel illustration is based on the assumption that the

company used no debt financing, which allows us to use the SML to plot the com-
pany’s cost of capital. The basic concepts presented in the Huron illustration also

FIGURE 6-1 Using the Security Market Line for Divisions
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hold for companies that use debt financing. When debt financing is used, the divi-
sion’s cost of equity must be combined with the division’s cost of debt and target
capital structure to obtain the division’s overall cost of capital.

Self-Test Based on the CAPM, how would one find the cost of capital for a low-risk divi-
Ouestione  sionsand for a high-risk division?

Explain why you should accept a given capital project if its expected rate of re-
turn lies above the SML and reject it if its expected return is below the SML.

Techniques for Measuring Divisional Betas

In Chapter 3 we discussed the estimation of betas for stocks and indicated the difficul-
ties in estimating beta. The estimation of divisional betas is much more difficult, and
more fraught with uncertainty. However, two approaches have been used to estimate
individual assets’ betas—the pure play method and the accounting beta method.

The Pure Play Method

In the pure play method, the company tries to find several single-product companies
in the same line of business as the division being evaluated, and it then averages those
companies’ betas to determine the cost of capital for its own division. For example,
suppose Huron could find three existing single-product firms that operate barges, and
suppose also that Huron’s management believes its barge division would be subject to
the same risks as those firms. Huron could then determine the betas of those firms, av-
erage them, and use this average beta as a proxy for the barge division’s beta.'?

The pure play approach can only be used for major assets such as whole divisions,
and even then it is frequently difficult to implement because it is often impossible to
find pure play proxy firms. However, when IBM was considering going into personal
computers, it was able to obtain data on Apple Computer and several other essentially
pure play personal computer companies. This is often the case when a firm considers
a major investment outside its primary field.

The Accounting Beta Method

As noted above, it may be impossible to find single-product, publicly traded firms suit-
able for the pure play approach. If that is the case, we may be able to use the account-
ing beta method. Betas normally are found by regressing the returns of a particular
company’s stock against returns on a stock market index. However, we could run a re-
gression of the division’s accounting return on assets against the average return on assets
for a large sample of companies, such as those included in the S&P 500. Betas deter-
mined in this way (that is, by using accounting data rather than stock market data) are
called accounting betas.

If the pure play firms employ different capital structures than that of Huron, this fact must be dealt with
by adjusting the beta coefficients. See Chapter 13 for a discussion of this aspect of the pure play method.
For a technique that can be used when pure play firms are not available, see Yatin Bhagwat and Michael
Ehrhardt, “A Full Information Approach for Estimating Divisional Betas,” Financial Management, Sammer
1991, 60-69.
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Self-Test
Question

Accounting betas for a totally new project can be calculated only after the project
has been accepted, placed in operation, and begun to generate output and accounting
results—too late for the capital budgeting decision. However, to the extent manage-
ment thinks a given project is similar to other projects the firm has undertaken in the
past, the similar project’s accounting beta can be used as a proxy for that of the project
in question. In practice, accounting betas are normally calculated for divisions or other
large units, not for single assets, and divisional betas are then used for the division’s
projects.

Describe the pure play and the accounting beta methods for estimating divi-
sional betas.

Estimating the Cost of Capital for Individual Projects

Although it is intuitively clear that riskier projects have a higher cost of capital, it is
difficult to estimate project risk. First, note that three separate and distinct types of
risk can be identified:

1. Stand-alone risk is the project’s risk disregarding the fact that it is but one asset
within the firm’s portfolio of assets and that the firm is but one stock in a typical in-
vestor’s portfolio of stocks. Stand-alone risk is measured by the variability of the
project’s expected returns. It is a correct measure of risk only for one-asset firms
whose stockholders own only that stock.

2. Corporate, or within-firm, risk is the project’s risk to the corporation, giving
consideration to the fact that the project represents only one of the firm’s portfo-
lio of assets, hence that some of its risk effects will be diversified away. Corporate
risk is measured by the project’s effect on uncertainty about the firm’s future
earnings.

3. Market, or beta, risk is the riskiness of the project as seen by a well-diversified
stockholder who recognizes that the project is only one of the firm’s assets and that
the firm’s stock is but one part of his or her total portfolio. Market risk is measured
by the project’s effect on the firm’s beta coefficient.

"Taking on a project with a high degree of either stand-alone or corporate risk will
not necessarily affect the firm’s beta. However, if the project has highly uncertain re-
turns, and if those returns are highly correlated with returns on the firm’s other assets
and with most other assets in the economy, then the project will have a high degree of
all types of risk. For example, suppose General Motors decides to undertake a major
expansion to build electric autos. GM is not sure how its technology will work on a
mass production basis, so there is much risk in the venture—its stand-alone risk is
high. Management also estimates that the project will do best if the economy is strong,
for then people will have more money to spend on the new autos. This means that the
project will tend to do well if GM’s other divisions are doing well and will tend to do
badly if other divisions are doing badly. This being the case, the project will also have
high corporate risk. Finally, since GM’s profits are highly correlated with those of
most other firms, the project’s beta will also be high. Thus, this project will be risky
under all three definitions of risk.

Of the three measures, market risk is theoretically the most relevant because of its
direct effect on stock prices. Unfortunately, the market risk for a project is also the
most difficult to estimate. In practice, most decision makers consider all three risk
measures in a judgmental manner.
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The first step is to determine the divisional cost of capital, and then to group divi-
sional projects into subjective risk categories. Then, using the divisional WACC as a
starting point, risk-adjusted costs of capital are developed for each category. For ex-
ample, a firm might establish three risk classes—high, average, and low—then assign
average-risk projects the divisional cost of capital, higher-risk projects an above-
average cost, and lower-risk projects a below-average cost. Thus, if a division’s WACC
were 10 percent, its managers might use 10 percent to evaluate average-risk projects in
the division, 12 percent for high-risk projects, and 8 percent for low-risk projects.
While this approach is better than not risk adjusting at all, these risk adjustments are
necessarily subjective and somewhat arbitrary. Unfortunately, given the data, there is
no completely satisfactory way to specify exactly how much higher or lower we should
go in setting risk-adjusted costs of capital.

Calf-Tost What are the three types of project risk?
Questions Which type of risk is theoretically the most relevant? Why?

Describe a procedure firms can use to develop costs of capital for projects with
differing degrees of risk.

Adjusting the Cost of Capital for Flotation Costs

Most debt is privately placed, and most equity is raised internally as retained earnings.
In these cases, there are no flotation costs, hence the component costs of debt and eq-
uity should be estimated as discussed earlier. However, if companies issue debt or new
stock to the public, then flotation costs can become important. In the following sec-
tions, we explain how to estimate the component costs of publicly issued debt and
stock, and we show how these new component costs affect the marginal cost of capital.

Axis Goods Inc., a retailer of trendy sportswear, has a target capital structure of 45
percent debt, 2 percent preferred stock, and 53 percent common stock. Its common
stock sells for $23, the next expected dividend is $1.24, and the expected constant
growth rate is 8 percent. Based on the constant growth DCF model, Axis’ cost of com-
mon equity is ry = 13.4% when the equity is raised as retained earnings. Axis’ cost of
preferred stock is 10.3 percent, based on the method discussed in the chapter, which
incorporates flotation costs. In the following sections, we examine the effects of flota-
tion costs on the component costs of debt and common stock, and on the marginal
cost of capital.

Flotation Costs and the Component Cost of Debt

Axis can issue a 30-year, $1,000 par value bond with an interest rate of 10 percent,
paid annually. Here T = 40%, so the after-tax component cost of debt is
rqg = (1.0 — 0.49)10% = 6.0%. However, if Axis must incur flotation costs, F, of 1 per-
cent of the value of the issue, then this formula must be used to find the after-tax cost

of debt:

N INT(1 - T) M
M1 - F) = + .
D=2 0 Tar
Here M is the bond’s par value, F is the flotation percentage, N is the bond’s maturity,
T is the firm’s tax rate, INT is the dollars of interest per period, and rq is the

(6-8)
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after-tax cost of debt adjusted for flotation. With a financial calculator, enter N = 30,
PV = —990, PMT = 60, and FV = 1000. Solving for I, we find I = ry(1 — T) =
6.07%, which is the after-tax component cost of debt. Note that the 6.07 percent the-
oretically correct after-tax cost of debt is quite close to the original 6.00 percent after-
tax cost, so in this instance adjusting for flotation doesn’t make much difference.

However, the flotation adjustment would be higher if F were larger or if the bond’s
life were shorter. For example, if F were 10 percent rather than 1 percent, then the
flotation-adjusted ry(1 — T) would have been 6.79 percent. With N at 1 year rather
than 30 years, and F still equal to 1 percent, then rg(1 — T) = 7.07%. Finally, if
F =10% and N = 1, then rg(1 — T) = 17.78%. In all of these cases the differential
would be too high to ignore.'*

Cost of Newly Issued Common Stock, or External Equity, r,

The cost of new common equity, r., or external equity, is higher than the cost of eq-
uity raised internally by reinvesting earnings, r,, because of flotation costs involved in
issuing new common stock. What rate of return must be earned on funds raised by
selling new stock to make issuing stock worthwhile? To put it another way, what is the
cost of new common stock?

The answer for a constant growth stock is found by applying this formula:

D,

. = m + g. (6—9)

Here F is the percentage flotation cost incurred in selling the new stock, so Po(1 — F)
is the net price per share received by the company.

Assuming that Axis has a flotation cost of 10 percent, its cost of new outside equity
is computed as follows:

_$1.24
e = '$23(1 — 0.10)

$1.24
= + 8.0%
$20.70 8.0%

=6.0% + 8.0% = 14.0%.

+ 8.0%

Investors require a return of r, = 13.4% on the stock."” However, because of flotation
costs the company must earn zzore than 13.4 percent on the net funds obtained by sell-
ing stock if investors are to receive a 13.4 percent return on the money they put up.
Specifically, if the firm earns 14 percent on funds obtained by issuing new stock, then
earnings per share will remain at the previously expected level, the firm’s expected div-
idend can be maintained, and, as a result, the price per share will not decline. If the
firm earns less than 14 percent, then earnings, dividends, and growth will fall below
expectations, causing the stock price to decline. If the firm earns more than 14 per-
cent, the stock price will rise.

As we noted earlier, most analysts use the CAPM to estimate the cost of equity.
Suppose the CAPM cost of equity for Axis is 13.8 percent. How could the analyst

“Strictly speaking, the after-tax cost of debt should reflect the expected cost of debt. While Axis’ bonds have
a promised return of 10 percent, there is some chance of default, so its bondholders’ expected return (and
consequently Axis’ cost) is a bit less than 10 percent. However, for a relatively strong company such as Axis,
this difference is quite small.

$1.24

§3 * 8.0% =13.4%.

5Tf there were no flotation costs, r, =
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TABLE 6-2  Average Flotation Costs for Debt and Equity

Average Flotation Cost Average Flotation Cost
Amount of Capital Raised for Common Stock for New Debt
(Millions of Dollars) (% of Total Capital Raised) (% of Total Capital Raised)

2-9.99 13.28 4.39
10-19.99 8.72 2.76
20-39.99 6.93 2.42
40-59.99 5.87 2.32
60-79.99 5.18 2.34
80-99.99 4.73 2.16
100-199.99 4.22 2.31
200-499.99 3.47 2.19
500 and up 3.15 1.64

Source: Inmoo Lee, Scott Lochhead, Jay Ritter, and Quanshui Zhao, “The Costs of Raising Capital,” The Journal of
Financial Research, Vol. XIX, No. 1, Spring 1996, 59-74. Reprinted with permission.

incorporate flotation costs? In the example above, application of the DCF methodol-
ogy gives a cost of equity of 13.4 percent if flotation costs are ignored and a cost of eq-
uity of 14.0 percent if flotation costs are included. Therefore, flotation costs add 0.6
percentage point to the cost of equity (14.0 — 13.4 = 0.6). To incorporate flotation
costs into the CAPM estimate, you would add the 0.6 percentage point to the 13.8
percent CAPM estimate, resulting in a 14.4 percent estimated cost of external equity.
As an alternative, you could find the average of the CAPM, DCE, and bond-yield-
plus-risk-premium costs of equity ignoring flotation costs, and then add to it the 0.6
percentage point due to flotation costs.

How Much Does It Cost to Raise External Capital?

A recent study provides some insights into how much it costs U.S. corporations to
raise external capital. Using information from the Securities Data Company, they
found the average flotation cost for debt and equity issued in the 1990s as presented in
Table 6-2.

The common stock flotation costs are for non-IPOs. Costs associated with IPOs
are even higher—about 17 percent of gross proceeds for common equity if the
amount raised is less than $10 million and about 6 percent if more than $500 million
is raised. The data include both utility and nonutility companies. If utilities were ex-
cluded, flotation costs would be even higher.

Self-Test What are flotation costs?
Questions Are flotation costs higher for debt or equity?

Some Problem Areas in Cost of Capital

A number of difficult issues relating to the cost of capital either have not been men-
tioned or were glossed over in this chapter. These topics are beyond the scope of this
text, but they deserve some mention both to alert you to potential dangers and to pro-
vide you with a preview of some of the matters dealt with in advanced courses.
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1. Privately owned firms. Our discussion of the cost of equity was related primar-
ily to publicly owned corporations, and we concentrated on the rate of return
required by public stockholders. However, there is a serious question about
how one should measure the cost of equity for a firm whose stock is not traded.
Tax issues are also especially important in these cases. As a general rule, the same
principles of cost of capital estimation apply to both privately held and publicly
owned firms, but the problems of obtaining input data are somewhat different
for each.

2. Small businesses. Small businesses are generally privately owned, making it diffi-
cult to estimate their cost of equity.

3. Measurement problems. One cannot overemphasize the practical difficulties
encountered when estimating the cost of equity. It is very difficult to obtain good
input data for the CAPM, for g in the formula r, = D{/P, + g, and for the risk pre-
mium in the formula r, = Bond yield + Risk premium. As a result, we can never be
sure just how accurate our estimated cost of capital is.

4. Costs of capital for projects of differing riskiness. As we will see in Chapter 8,
it is difficult to measure projects’ risks, hence to assign risk-adjusted discount rates
to capital budgeting projects of differing degrees of riskiness.

5. Capital structure weights. In this chapter, we simply took as given the target cap-
ital structure and used this target to obtain the weights used to calculate WACC. As
we shall see in Chapter 13, establishing the target capital structure is a major task
in itself.

Although this list of problems may appear formidable, the state of the art in cost of
capital estimation is really not in bad shape. The procedures outlined in this chapter
can be used to obtain cost of capital estimates that are sufficiently accurate for practi-
cal purposes, and the problems listed here merely indicate the desirability of refine-
ments. The refinements are not unimportant, but the problems we have identified do
not invalidate the usefulness of the procedures outlined in the chapter.

Celf-Test Identify some problem areas in cost of capital analysis. Do these problems invali-
Question date the cost of capital procedures discussed in the chapter?

Four Mistakes to Avoid

We often see managers and students make the following mistakes when estimating the
cost of capital. Although we have discussed these errors previously at separate places in
the chapter, they are worth repeating here:

1. Never use the coupon rate on a firm’s existing debt as the pre-tax cost of
debt. The relevant pre-tax cost of debt is the interest rate the firm would pay if it
issued debt today.

2. When estimating the market risk premium for the CAPM method, never use
the historical average return on stocks in conjunction with the current risk-
free rate. The historical average return on common stocks has been about 13
percent, the historical return on long-term Treasury bonds about 5.5 percent, and the
difference between them, which is the historical risk premium, is 7.5 percent. The
current risk premium is found as the difference between an estimate of the current
expected rate of return on common stocks and the current expected yield on T-bonds.
Toillustrate, suppose an estimate of the future return on common stock is 10 percent,
and the current rate on long-term T-bonds is 4 percent. This implies that you expect
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to earn 10 percent if you buy stock today and 4 percent if you buy bonds. Therefore,
thisimplies a current market risk premium of 10% — 4% = 6%. A case could be made
for using either the historical or the current risk premium, but it would be wrong to
take the historical rate of return on the market, 13 percent, subtract from it the current
4 percentrate on T-bonds, and thenuse 13% — 4% = 9% as the risk premium.

. Never use the book value of equity when estimating the capital structure

weights for the WACC. Your first choice should be to use the target capital struc-
ture to determine the weights. If you are an outside analyst and do not know the
target weights, it is better to estimate weights based on the current market values of
the capital components than on their book values. This is especially true for equity.
For example, the stock of an average S&P 500 firm in 2001 had a market value that
was about 5.64 times its book value, and in general, stocks’ market values are rarely
close to their book values. If the company’s debt is not publicly traded, then it is
reasonable to use the book value of debt to estimate the weights, since book and
market values of debt, especially short-term debt, are usually close to one another.
"To summarize, if you don’t know the target weights, then use market values of
equity rather than book values to obtain the weights used to calculate WACC.
Always remember that capital components are funds that come from in-
vestors. If it’s not from an investor, then it’s not a capital component. Sometimes
the argument is made that accounts payable and accruals are sources of funding and
should be included in the calculation of the WACC. However, these accounts are
due to operating relationships with suppliers and employees, and they are deducted
when determining the investment requirement for a project. Therefore, they
should not be included in the WACC. Of course, they are not ignored in either
corporate valuation or capital budgeting. As we show in Chapter 9, current liabili-
ties do affect cash flow, hence have an effect on corporate valuation. Moreover, in
Chapter 8 we show that the same is true for capital budgeting, namely, that current
liabilities affect the cash flows of a project, but not its WACC.'¢

What are four common mistakes people make when estimating the WACC?

This chapter showed how the cost of capital is developed for use in capital budgeting.
The key concepts covered are listed below.

The cost of capital used in capital budgeting is a weighted average of the types of
capital the firm uses, typically debt, preferred stock, and common equity.

The component cost of debt is the after-tax cost of new debt. It is found by
multiplying the cost of new debt by (1 — T), where T is the firm’s marginal tax
rate: ry(1 — T).

'The same reasoning could be applied to other items on the balance sheet, such as deferred taxes. The ex-
istence of deferred taxes means that the government has collected less in taxes than a company would owe if
the same depreciation and amortization rates were used for taxes as for stockholder reporting. In this sense,
the government is “making a loan to the company.” However, the deferred tax account is not a source of
funds from investors, hence it is not considered to be a capital component. Moreover, the cash flows that are
used in capital budgeting and in corporate valuation reflect the actual taxes that the company must pay, not
the “normalized” taxes it might report on its income statement. In other words, the correct adjustment for
the deferred tax account is made in the cash flows, not in the WACC.

247
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The component cost of preferred stock is calculated as the preferred dividend
divided by the net issuing price, where the net issuing price is the price the firm re-
ceives after deducting flotation costs: rp, = D,,/P,,.

The cost of common equity, 1, is also called the cost of common stock. It is the
rate of return required by the firm’s stockholders, and it can be estimated by three
methods: (1) the CAPM approach, (2) the dividend-yield-plus-growth-rate, or
DC, approach, and (3) the bond-yield-plus-risk-premium approach.

To use the CAPM approach, one (1) estimates the firm’s beta, (2) multiplies
this beta by the market risk premium to determine the firm’s risk premium, and
(3) adds the firm’s risk premium to the risk-free rate to obtain the cost of common
stock: r, = rpp + (RPy)b.

The best proxy for the risk-free rate is the yield on long-term T-bonds.

"To use the dividend-yield-plus-growth-rate approach, which is also called the
discounted cash flow (DCF) approach, one adds the firm’s expected growth rate
to its expected dividend yield: r, = D1/Py + g.

The growth rate can be estimated from historical earnings and dividends or by
use of the retention growth model, g = (1 — Payout)(Return on equity), or it
can be based on analysts’ forecasts.

The bond-yield-plus-risk-premium approach calls for adding a risk premium
of from 3 to 5 percentage points to the firm’s interest rate on long-term debt: r, =
Bond yield + RP.

Each firm has a target capital structure, defined as that mix of debt, preferred stock,
and common equity that minimizes its weighted average cost of capital (WACC):

WACC = wyrgq (1 = T) +w + Weels.

psps
Various factors affect a firm’s cost of capital. Some of these factors are deter-
mined by the financial environment, but the firm influences others through its
financing, investment, and dividend policies.

Ideally, the cost of capital for each project should reflect the risk of the project it-
self, not the risks associated with the firm’s average project as reflected in its com-
posite WACC.

Failing to adjust for differences in project risk would lead a firm to accept too
many value-destroying risky projects and reject too many value-adding safe ones.
Over time, the firm would become more risky, its WACC would increase, and its
shareholder value would decline.

A project’s stand-alone risk is the risk the project would have if it were the firm’s
only asset and if stockholders held only that one stock. Stand-alone risk is mea-
sured by the variability of the asset’s expected returns.

Corporate, or within-firm, risk reflects the effects of a project on the firm’s risk,
and it is measured by the project’s effect on the firm’s earnings variability.
Market, or beta, risk reflects the effects of a project on the riskiness of stockhold-
ers, assuming they hold diversified portfolios. Market risk is measured by the proj-
ect’s effect on the firm’s beta coefficient.

Most decision makers consider all three risk measures in a judgmental manner and
then classify projects into subjective risk categories. Using the composite WACC as
a starting point, risk-adjusted costs of capital are developed for each category. The
risk-adjusted cost of capital is the cost of capital appropriate for a given project,
given the riskiness of that project. The greater the risk, the higher the cost of capital.
Firms may be able to use the CAPM to estimate the cost of capital for specific
projects or divisions. However, estimating betas for projects is difficult.

The pure play and accounting beta methods can sometimes be used to estimate
betas for large projects or for divisions.
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e Companies generally hire an investment banker to assist them when they is-
sue common stock, preferred stock, or bonds. In return for a fee, the invest-
ment banker helps the company with the terms, price, and sale of the issue.
The banker’s fees are often referred to as flotation costs. The total cost of
capital should include not only the required return paid to investors but also
the flotation fees paid to the investment banker for marketing the issue.

e When calculating the cost of new common stock, the DCF approach can be
adapted to account for flotation costs. For a constant growth stock, this cost can be
expressed as: r, = D{/[Py(1 — F)] + g. Note that flotation costs cause r,, to be greater
than r,.

e Flotation cost adjustments can also be made for debt. The bond’s issue price is
reduced for flotation expenses and then used to solve for the after-tax yield to
maturity.

e The three equity cost estimating techniques discussed in this chapter have serious
limitations when applied to small firms, thus increasing the need for the small-
business manager to use judgment.

The cost of capital as developed in this chapter is used in the following chapters to de-
termine the value of a corporation and to evaluate capital budgeting projects. In addi-
tion, we will extend the concepts developed here in Chapter 13, where we consider the
effect of the capital structure on the cost of capital.

Define each of the following terms:

a. Weighted average cost of capital, WACC; after-tax cost of debt, ry(1 — T)

b. Cost of preferred stock, r,; cost of common equity or cost of common stock, r,
c. Target capital structure

d. Flotation cost, F; cost of new external common equity, r,

ps»

In what sense is the WACC an average cost? A marginal cost?

How would each of the following affect a firm’s cost of debt, rg(1 — T); its cost of eq-
uity, r; and its weighted average cost of capital, WACC? Indicate by a plus (+), a minus
(=), or a zero (0) if the factor would raise, lower, or have an indeterminate effect on the
item in question. Assume other things are held constant. Be prepared to justify your an-
swer, but recognize that several of the parts probably have no single correct answer; these
questions are designed to stimulate thought and discussion.

Effect on
rg(1 —T) re WACC

. The corporate tax rate is lowered.

. The Federal Reserve tightens credit.

. The firm uses more debt.

. The firm doubles the amount of capital
it raises during the year.

e. The firm expands into a risky new area.

f. Investors become more risk averse.

Qe o

Distinguish between beta (or market) risk, within-firm (or corporate) risk, and stand-alone
risk for a potential project. Of the three measures, which is theoretically the most relevant,
and why?

249
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6-5

Self-Test Problem

ST-1
WACC

Problems
6-1

COST OF EQUITY

6-2
COST OF PREFERRED STOCK

6-3
COST OF EQUITY

6-4
AFTER-TAX COST OF DEBT

6-5
AFTER-TAX COST OF DEBT

6-6
COST OF PREFERRED STOCK

6-7
AFTER-TAX COST OF DEBT

Suppose a firm estimates its cost of capital for the coming year to be 10 percent. What might be
reasonable costs of capital for average-risk, high-risk, and low-risk projects?

(Solution Appears in Appendix A)

Longstreet Communications Inc. (LCI) has the following capital structure, which it considers
to be optimal: debt = 25%, preferred stock = 15%, and common stock = 60%.

LCI’s tax rate is 40 percent and investors expect earnings and dividends to grow at a constant
rate of 9 percent in the future. LCI paid a dividend of $3.60 per share last year (D), and its
stock currently sells at a price of $60 per share. Treasury bonds yield 11 percent; an average
stock has a 14 percent expected rate of return; and LCI’s beta is 1.51. These terms would apply
to new security offerings:

Preferred: New preferred could be sold to the public at a price of $100 per share, with a divi-
dend of $11. Flotation costs of $5 per share would be incurred.

Debt: Debt could be sold at an interest rate of 12 percent.

a. Find the component costs of debt, preferred stock, and common stock. Assume LCI does
not have to issue any additional shares of common stock.
b. What is the WACC?

David Ortiz Motors has a target capital structure of 40 percent debt and 60 percent equity. The
yield to maturity on the company’s outstanding bonds is 9 percent, and the company’s tax rate is
40 percent. Ortiz’s CFO has calculated the company’s WACC as 9.96 percent. What is the com-
pany’s cost of equity capital?

Tunney Industries can issue perpetual preferred stock at a price of $50 a share. The issue is ex-
pected to pay a constant annual dividend of $3.80 a share. The flotation cost on the issue is es-
timated to be 5 percent. What is the company’s cost of preferred stock, r,,?

Javits & Sons’ common stock is currently trading at $30 a share. The stock is expected to pay a
dividend of $3.00 a share at the end of the year (D; = $3.00), and the dividend is expected to
grow at a constant rate of 5 percent a year. What is the cost of common equity?

Calculate the after-tax cost of debt under each of the following conditions:
a. Interest rate, 13 percent; tax rate, 0 percent.

b. Interest rate, 13 percent; tax rate, 20 percent.

c. Interest rate, 13 percent; tax rate, 35 percent.

The Heuser Company’s currently outstanding 10 percent coupon bonds have a yield to matu-
rity of 12 percent. Heuser believes it could issue at par new bonds that would provide a simi-
lar yield to maturity. If its marginal tax rate is 35 percent, what is Heuser’s after-tax cost of

debt?

Trivoli Industries plans to issue some $100 par preferred stock with an 11 percent dividend. The
stock is selling on the market for $97.00, and Trivoli must pay flotation costs of 5 percent of the
market price. What is the cost of the preferred stock for Trivoli?

A company’ 6 percent coupon rate, semiannual payment, $1,000 par value bond which matures
in 30 years sells at a price of $515.16. The company’s federal-plus-state tax rate is 40 percent.
What is the firm’s component cost of debt for purposes of calculating the WACC? (Hint: Base
your answer on the nominal rate.)
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The earnings, dividends, and stock price of Carpetto Technologies Inc. are expected to grow at

7 percent per year in the future. Carpetto’s common stock sells for $23 per share, its last divi-

dend was $2.00, and the company will pay a dividend of $2.14 at the end of the current year.

a. Using the discounted cash flow approach, what is its cost of equity?

b. If the firm’ beta is 1.6, the risk-free rate is 9 percent, and the expected return on the market
is 13 percent, what will be the firm’s cost of equity using the CAPM approach?

c. Ifthe firm’s bonds earn a return of 12 percent, what will r, be using the bond-yield-plus-risk-
premium approach? (Hint: Use the midpoint of the risk premium range.)

d. On the basis of the results of parts a through ¢, what would you estimate Carpetto’s cost of
equity to be?

The Bouchard Company’s EPS was $6.50 in 2002 and $4.42 in 1997. The company pays out 40

percent of its earnings as dividends, and the stock sells for $36.

a. Calculate the past growth rate in earnings. (Hint: This is a 5-year growth period.)

b. Calculate the next expected dividend per share, D;. (Dy = 0.4($6.50) = $2.60.) Assume that
the past growth rate will continue.

c. What is the cost of equity, r, for the Bouchard Company?

Sidman Products’ stock is currently selling for $60 a share. The firm is expected to earn $5.40

per share this year and to pay a year-end dividend of $3.60.

a. If investors require a 9 percent return, what rate of growth must be expected for Sidman?

b. If Sidman reinvests earnings in projects whose average return is equal to the stock’s expected
rate of return, what will be next year’s EPS? [Hint: g = REO ( Retention ratio).]

On January 1, the total market value of the Tysseland Company was $60 million. During the
year, the company plans to raise and invest $30 million in new projects. The firm’s present mar-
ket value capital structure, shown below, is considered to be optimal. Assume that there is no
short-term debt.

Debt $30,000,000
Common equity 30,000,000
Total capital $60,000,000

New bonds will have an 8 percent coupon rate, and they will be sold at par. Common stock is

currently selling at $30 a share. Stockholders’ required rate of return is estimated to be 12 per-

cent, consisting of a dividend yield of 4 percent and an expected constant growth rate of 8 per-

cent. (The next expected dividend is $1.20, so $1.20/$30 = 4%.) The marginal corporate tax

rate is 40 percent.

a. To maintain the present capital structure, how much of the new investment must be financed
by common equity?

b. Assume that there is sufficient cash flow such that Tysseland can maintain its target capital
structure without issuing additional shares of equity. What is the WACC?

c. Suppose now that there is not enough internal cash flow and the firm must issue new shares
of stock. Qualitatively speaking, what will happen to the WACC?

Suppose the Schoof Company has this book value balance sheet:

Current assets $30,000,000 Current liabilities $10,000,000

Fixed assets 50,000,000 Long-term debt 30,000,000
Common equity

Common stock (1 million shares) 1,000,000

Retained earnings 39,000,000

Total assets $80,000,000 Total claims $80,000,000
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The current liabilities consist entirely of notes payable to banks, and the interest rate on this
debt is 10 percent, the same as the rate on new bank loans. The long-term debt consists of
30,000 bonds, each of which has a par value of $1,000, carries an annual coupon interest rate of
6 percent, and matures in 20 years. The going rate of interest on new long-term debg, ry, is 10
percent, and this is the present yield to maturity on the bonds. The common stock sells at a
price of $60 per share. Calculate the firm’s market value capital structure.

A summary of the balance sheet of Travellers Inn Inc. (TTI), a company which was formed by
merging a number of regional motel chains and which hopes to rival Holiday Inn on the na-
tional scene, is shown in the table:

Travellers Inn: December 31, 2002 (Millions of Dollars)

Cash $10 Accounts payable $ 10
Accounts receivable 20 Accruals 10
Inventories 20 Short-term debt 5
Current assets $50 Current liabilities $ 25
Net fixed assets 50 Long-term debt 30
Preferred stock 5

Common equity
Common stock $ 10
Retained earnings 30
Total common equity $ 40
Total assets $100 Total liabilities and equity $100

These facts are also given for TII:

(1) Short-term debt consists of bank loans that currently cost 10 percent, with interest payable
quarterly. These loans are used to finance receivables and inventories on a seasonal basis, so
in the off-season, bank loans are zero.

(2) The long-term debt consists of 20-year, semiannual payment mortgage bonds with a
coupon rate of 8 percent. Currently, these bonds provide a yield to investors of ry = 12%.
If new bonds were sold, they would yield investors 12 percent.

(3) TII’s perpetual preferred stock has a $100 par value, pays a quarterly dividend of $2, and has
a yield to investors of 11 percent. New perpetual preferred would have to provide the same
yield to investors, and the company would incur a § percent flotation cost to sell it.

(4) The company has 4 million shares of common stock outstanding. Py = $20, but the stock
has recently traded in a range of $17 to $23. Dy = $1 and EPS; = $2. ROE based on aver-
age equity was 24 percent in 2002, but management expects to increase this return on
equity to 30 percent; however, security analysts are not aware of management’s optimism in
this regard.

(5) Betas, as reported by security analysts, range from 1.3 to 1.7; the T-bond rate is 10 percent;
and RPy, is estimated by various brokerage houses to be in the range of 4.5 to 5.5 percent.
Brokerage house reports forecast growth rates in the range of 10 to 15 percent over the
foreseeable future. However, some analysts do not explicitly forecast growth rates, but they
indicate to their clients that they expect TIIs historical trends as shown in the table below
to continue.

(6) At a recent conference, TII’s financial vice-president polled some pension fund investment
managers on the minimum rate of return they would have to expect on TII’s common to
make them willing to buy the common rather than TII bonds, when the bonds yielded 12
percent. The responses suggested a risk premium over TII bonds of 4 to 6 percentage
points.

(7) TIlis in the 40 percent federal-plus-state tax bracket.

(8) TIIs principal investment banker, Henry, Kaufman & Company, predicts a decline in in-
terest rates, with ry falling to 10 percent and the T-bond rate to 8 percent, although Henry,
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Kaufman & Company acknowledges that an increase in the expected inflation rate could
lead to an increase rather than a decrease in rates.
(9) Here is the historical record of EPS and DPS:

Year EPS DPS Year EPS DPS
1988 $0.09 $0.00 1996 $0.78 $0.00
1989 -0.20 0.00 1997 0.80 0.00
1990 0.40 0.00 1998 1.20 0.20
1991 0.52 0.00 1999 0.95 0.40
1992 0.10 0.00 2000 1.30 0.60
1993 0.57 0.00 2001 1.60 0.80
1994 0.61 0.00 2002 2.00 1.00
1995 0.70 0.00

Assume that you are a recently hired financial analyst, and your boss, the treasurer, has
asked you to estimate the company’s WACC; assume no new equity will be issued. Your cost of
capital should be appropriate for use in evaluating projects which are in the same risk class as
the firm’s average assets now on books.

Rework Problem 6-3, assuming that new stock will be issued. The stock will be issued for $30
and the flotation cost is 10 percent of the issue proceeds. The expected dividend and growth re-
main at $3.00 per share and 5 percent, respectively.

Suppose a company will issue new 20-year debt with a par value of $1,000 and a coupon rate of
9 percent, paid annually. The tax rate is 40 percent. If the flotation cost is 2 percent of the issue
proceeds, what is the after-tax cost of debt?

Spreadsheet Problem

6-16

BUILD A MODEL:

WACC

Start with the partial model in the file Ch 06 P16 Build a Model.xls from the textbook’s
web site. The stock of Gao Computing sells for $55, and last year’s dividend was $2.10. A flota-
tion cost of 10 percent would be required to issue new common stock. Gao’s preferred stock
pays a dividend of $3.30 per share, and new preferred could be sold at a price to net the com-
pany $30 per share. Security analysts are projecting that the common dividend will grow at a
rate of 7 percent a year. The firm can also issue additional long-term debt at an interest rate (or
before-tax cost) of 10 percent, and its marginal tax rate is 35 percent. The market risk premium
is 6 percent, the risk-free rate is 6.5 percent, and Gao’s beta is 0.83. In its cost of capital calcula-
tions, Gao uses a target capital structure with 45 percent debt, 5 percent preferred stock, and 50
percent common equity.

a. Calculate the cost of each capital component (that is, the after-tax cost of debt), the cost of
preferred stock (including flotation costs), and the cost of equity (ignoring flotation costs)
with the DCF method and the CAPM method.

b. Calculate the cost of new stock using the DCF model.

c. What is the cost of new common stock, based on the CAPM? (Hint: Find the difference be-
tween r, and r, as determined by the DCF method and add that differential to the CAPM
value for r,.)

d. Assuming that Gao will not issue new equity and will continue to use the same target capital
structure, what is the company’s WACC?

e. Suppose Gao is evaluating three projects with the following characteristics:

(1) Each project has a cost of $1 million. They will all be financed using the target mix of
long-term debt, preferred stock, and common equity. The cost of the common equity
for each project should be based on the beta estimated for the project. All equity will
come from retained earnings.
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See Ch 06 Show.ppt and
Ch 06 Mini Case.xls.

(2) Equity invested in Project A would have a beta of 0.5 and an expected return of 9.0
percent.
(3) Equity invested in Project B would have a beta of 1.0 and an expected return of 10.0
percent.
(4) Equity invested in Project C would have a beta of 2.0 and an expected return of 11.0
percent.
f. Analyze the company’ situation and explain why each project should be accepted or
rejected.

During the last few years, Cox Technologies has been too constrained by the high cost of capi-
tal to make many capital investments. Recently, though, capital costs have been declining, and
the company has decided to look seriously at a major expansion program that had been pro-
posed by the marketing department. Assume that you are an assistant to Jerry Lee, the financial
vice-president. Your first task is to estimate Cox’s cost of capital. Lee has provided you with the
following data, which he believes may be relevant to your task:

(1) The firm’s tax rate is 40 percent.

(2) The current price of Cox’s 12 percent coupon, semiannual payment, noncallable bonds with
15 years remaining to maturity is $1,153.72. Cox does not use short-term interest-bearing
debt on a permanent basis. New bonds would be privately placed with no flotation cost.

(3) The current price of the firm’ 10 percent, $100 par value, quarterly dividend, perpetual pre-
ferred stockis $113.10. Cox would incur flotation costs of $2.00 per share on a new issue.

(4) Cox’s common stock is currently selling at $50 per share. Its last dividend (Do) was $4.19, and
dividends are expected to grow at a constant rate of 5 percent in the foreseeable future.
Cox’s beta is 1.2, the yield on T-bonds is 7 percent, and the market risk premium is esti-
mated to be 6 percent. For the bond-yield-plus-risk-premium approach, the firm uses a
4 percentage point risk premium.

(5) Cox’s target capital structure is 30 percent long-term debt, 10 percent preferred stock, and
60 percent common equity.

To structure the task somewhat, Lee has asked you to answer the following questions.

a. (1) What sources of capital should be included when you estimate Cox’s weighted average
cost of capital (WACC)?

(2) Should the component costs be figured on a before-tax or an after-tax basis?

(3) Should the costs be historical (embedded) costs or new (marginal) costs?

. What is the market interest rate on Cox’s debt and its component cost of debt?

. (1) Whatis the firm’ cost of preferred stock?

(2) Cox’s preferred stock is riskier to investors than its debt, yet the preferred’s yield to in-
vestors is lower than the yield to maturity on the debt. Does this suggest that you have
made a mistake? (Hint: Think about taxes.)

d. (1) What are the two primary ways companies raise common equity?

(2) Why is there a cost associated with reinvested earnings?
(3) Cox doesn’t plan to issue new shares of common stock. Using the CAPM approach,
what is Cox’s estimated cost of equity?

e. (1) Whatis the estimated cost of equity using the discounted cash flow (DCF) approach?

(2) Suppose the firm has historically earned 15 percent on equity (ROE) and retained 35
percent of earnings, and investors expect this situation to continue in the future. How
could you use this information to estimate the future dividend growth rate, and what
growth rate would you get? Is this consistent with the 5 percent growth rate given ear-
lier?

(3) Could the DCF method be applied if the growth rate was not constant? How?

f. What is the cost of equity based on the bond-yield-plus-risk-premium method?

g. What is your final estimate for the cost of equity, r.?

h. What is Cox’s weighted average cost of capital (WACC)?

o
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. What factors influence a company’s WACC?
. Should the company use the composite WACC as the hurdle rate for each of its divisions?
. What procedures are used to determine the risk-adjusted cost of capital for a particular di-

vision? What approaches are used to measure a division’s beta?

. Cox is interested in establishing a new division, which will focus primarily on developing

new Internet-based projects. In trying to determine the cost of capital for this new division,
you discover that stand-alone firms involved in similar projects have on average the follow-

ing characteristics:

® Their capital structure is 10 percent debt and 90 percent common equity.
® Their cost of debt is typically 12 percent.

® The betais 1.7.

Given this information, what would your estimate be for the division’s cost of capital?
m. What are three types of project risk? How is each type of risk used?

=}

. Explain in words why new common stock that is raised externally has a higher percentage

cost than equity that is raised internally by reinvesting earnings.

0. (1) Cox estimates that if it issues new common stock, the flotation cost will be 15 percent.
Cox incorporates the flotation costs into the DCF approach. What is the estimated cost
of newly issued common stock, taking into account the flotation cost?

(2) Suppose Cox issues 30-year debt with a par value of $1,000 and a coupon rate of 10 per-
cent, paid annually. If flotation costs are 2 percent, what is the after-tax cost of debt for

the new bond issue?

p. What four common mistakes in estimating the WACC should Cox avoid?
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In 1970, the Adolph Coors Company was a small brewer serving a regional market.
But due to its quality products and aggressive marketing, by 1990 Coors had risen to
the number three brand in the U.S. beer market. During this high-growth phase, the
corporate emphasis was on marketing, technology, engineering, and capacity addi-
tions. When investing in new equipment or factories, Coors always went “the Cadillac
route,” with little scrutiny of proposed projects. In effect, their motto was “If you build
it, they will come.” Indeed, for two decades consumers did switch to Coors.

However, the brewing industry began to experience major problems in the
1990s. Many consumers were drawn to wine, causing growth in beer sales to fall
below 1 percent per year. In addition, large numbers of microbreweries opened,
providing beer drinkers with an alternative to the national brands. These events
proved particularly painful to Coors, whose lack of financial discipline had led to a
frivolous use of capital and thus to a high-cost infrastructure.

In February 1995, Coors hired a new CFO, Timothy Wolf, who soon learned that
Coors had a low return on invested capital, negative free cash flow, and an unreliable
planning/forecasting process. Wolf quickly created an in-house education program to
teach managers and engineers how to conduct a rational project analysis. Even more
important, he began to shift the corporate culture from a focus on undisciplined
growth and high-technology engineering to creating shareholder value. This new
focus was put to the test in 1996, when Coors reexamined its plans for a major new
bottle-washing facility in Virginia. Using the capital budgeting processes established
by Wolf, the project team was able to reduce the cost of the investment by 25 per-
cent. They also implemented design changes that led to lower operating costs.

Under Wolf's guidance, Coors has steadily improved both its return on invested
capital and its free cash flow. Financial analysts are impressed with Wolf's efforts. Skip
Carpenter of Donaldson, Lufkin & Jenrette says, “From a financial perspective, there's
absolutely no question Coors is better positioned to deal with the difficulties of the
beer industry.”’ Investors seem to agree, as Coors’ stock price has climbed from
about $14 per share when Wolf joined to over $52 per share in mid-2001, an annual-
ized average gain of more than 24 percent.

ISee an article by Stephen Barr, “Coors’s New Brew,” CFO, March 1998, 91-93.
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The textbook's web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 07
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

This chapter’s focus is on capital budgeting, the process of evaluating specific invest-
ment decisions. Here the term capital refers to operating assets used in production,
while a budger is a plan that details projected cash flows during some future period.
Thus, the capital budget is an outline of planned investments in operating assets, and
capital budgeting is the whole process of analyzing projects and deciding which
ones to include in the capital budget.

Our treatment of capital budgeting is divided into three chapters. This chapter
provides an overview of the capital budgeting process and explains the basic tech-
niques used to evaluate cash flows. Chapter 8 then explains how to estimate a project’s
cash flows and risk. Finally, some projects provide managers with opportunities to re-
act to changing market conditions. These opportunities, called “real options,” are de-
scribed in Chapter 17.

As you read this chapter, think about Coors and how it uses capital budgeting to
create value for shareholders.

Overview of Capital Budgeting

Self-Test
Questions

Capital budgeting is perhaps the most important task faced by financial managers and
their staffs. First, a firm’s capital budgeting decisions define its strategic direction, be-
cause moves into new products, services, or markets must be preceded by capital ex-
penditures. Second, the results of capital budgeting decisions continue for many
years, reducing flexibility. Third, poor capital budgeting can have serious financial
consequences. If the firm invests too much, it will incur unnecessarily high deprecia-
tion and other expenses. On the other hand, if it does not invest enough, its equip-
ment and computer software may not be sufficiently modern to enable it to produce
competitively. Also, if it has inadequate capacity, it may lose market share to rival
firms, and regaining lost customers requires heavy selling expenses, price reductions,
or product improvements, all of which are costly.

The same general concepts that are used in security valuation are also involved in
capital budgeting. However, whereas a set of stocks and bonds exists in the securities
market, and investors select from this set, capital budgeting projects are created by the
firm. For example, a sales representative may report that customers are asking for a
particular product that the company does not now produce. The sales manager then
discusses the idea with the marketing research group to determine the size of the
market for the proposed product. If it appears that a significant market does exist, cost
accountants and engineers will be asked to estimate production costs. If they con-
clude that the product can be produced and sold at a sufficient profit, the project will
be undertaken.

A firm’s growth, and even its ability to remain competitive and to survive, depends
on a constant flow of ideas for new products, for ways to make existing products bet-
ter, and for ways to operate at a lower cost. Accordingly, a well-managed firm will go
to great lengths to encourage good capital budgeting proposals from its employees. If
a firm has capable and imaginative executives and employees, and if its incentive sys-
tem is working properly, many ideas for capital investment will be advanced. Some
ideas will be good ones, but others will not. Therefore, companies must screen proj-
ects for those that add value, the primary topic of this chapter.

Why are capital budgeting decisions so important?

What are some ways firms get ideas for capital projects?
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Project Classifications

Analyzing capital expenditure proposals is not a costless operation—benefits can be
gained, but analysis does have a cost. For certain types of projects, a relatively detailed
analysis may be warranted; for others, simpler procedures should be used. Accord-
ingly, firms generally categorize projects and then analyze those in each category
somewhat differently:

1. Replacement: maintenance of business. Replacement of worn-out or damaged
equipment is necessary if the firm is to continue in business. The only issues here
are (a) should this operation be continued and (b) should we continue to use the
same production processes? If the answers are yes, maintenance decisions are nor-
mally made without an elaborate decision process.

2. Replacement: cost reduction. These projects lower the costs of labor, materials,
and other inputs such as electricity by replacing serviceable but less efficient equip-
ment. These decisions are discretionary, and require a detailed analysis.

3. Expansion of existing products or markets. Expenditures to increase output of
existing products, or to expand retail outlets or distribution facilities in markets
now being served, are included here. These decisions are more complex because
they require an explicit forecast of growth in demand, so a more detailed analysis is
required. Also, the final decision is generally made at a higher level within the firm.

4. Expansion into new products or markets. These projects involve strategic deci-
sions that could change the fundamental nature of the business, and they normally
require the expenditure of large sums with delayed paybacks. Invariably, a detailed
analysis is required, and the final decision is generally made at the very top—by the
board of directors as a part of the firm’s strategic plan.

5. Safety and/or environmental projects. Expenditures necessary to comply with
government orders, labor agreements, or insurance policy terms are called mzanda-
tory investments, and they often involve nonrevenue-producing projects. How they are
handled depends on their size, with small ones being treated much like the Category
1 projects described above.

6. Research and development. The expected cash flows from R & D are often too un-
certain to warrant a standard discounted cash flow (DCF) analysis. Instead, decision
tree analysis and the real options approach discussed in Chapter 17 are often used.

7. Long-term contracts. Companies often make long-term contractual arrange-
ments to provide products or services to specific customers. For example, IBM has
signed agreements to handle computer services for other companies for periods of
5 to 10 years. There may or may not be much up-front investment, but costs and
revenues will accrue over multiple years, and a DCF analysis should be performed
before the contract is signed.

In general, relatively simple calculations and only a few supporting documents are
required for replacement decisions, especially maintenance-type investments in prof-
itable plants. A more detailed analysis is required for cost-reduction replacements, for
expansion of existing product lines, and especially for investments in new products or
areas. Also, within each category projects are classified by their dollar costs: Larger in-
vestments require increasingly detailed analysis and approval at a higher level within
the firm. Thus, a plant manager may be authorized to approve maintenance expendi-
tures up to $10,000 on the basis of a relatively unsophisticated analysis, but the full
board of directors may have to approve decisions that involve either amounts over $1
million or expansions into new products or markets.
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Self-Test
Question

Note that the term “assets” encompasses more than buildings and equipment.
Computer software that a firm develops to help it buy supplies and materials more ef-
ficiently, or to communicate with customers, is also an asset, as is a customer base like
the one AOL developed by sending out millions of free CDs to potential customers.
All of these are “intangible” as opposed to “tangible” assets, but decisions to invest in
them are analyzed in the same way as decisions related to tangible assets. Keep this in
mind as you go through the remainder of the chapter.

Identify the major project classification categories, and explain how they are

sed.

Capital Budgeting Decision Rules

Six key methods are used to rank projects and to decide whether or not they should be
accepted for inclusion in the capital budget: (1) payback, (2) discounted payback,
(3) net present value (NPV), (4) internal rate of return (IRR), (5) modified internal
rate of return (MIRR), and (6) profitability index (PI). We will explain how each rank-
ing criterion is calculated, and then we will evaluate how well each performs in terms
of identifying those projects that will maximize the firm’s stock price.

The first, and most difficult, step in project analysis is estimating the relevant cash
flows, a step that Chapter 8 explains in detail. Our present focus is on the different de-
cision rules, so we provide the cash flows used in this chapter, starting with the ex-
pected cash flows of Project S and L in Figure 7-1. These projects are equally risky,
and the cash flows for each year, CF,, reflect purchase cost, investments in working
capital, taxes, depreciation, and salvage values. Finally, we assume that all cash flows
occur at the end of the designated year. Incidentally, the S stands for short and the L
for long: Project S is a short-term project in the sense that its cash inflows come in
sooner than L.

FIGURE 7-1 Net Cash Flows for Projects S and L

Expected After-Tax
Net Cash Flows, CF;

Year (t) Project S Project L
0 ($1,000) ($1,000)
1 500 100
2 400 300
3 300 400
4 100 600
0 1 2 3 4
Project S: I } } } |
—1,000 500 400 300 100
0 1 2 3 4
Project L: I } } } |
—1,000 100 300 400 600

°CFy represents the cash flow experienced at the project’s inception.
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Payback Period

The payback period, defined as the expected number of years required to recover the
original investment, was the first formal method used to evaluate capital budgeting
projects. The payback calculation is diagrammed in Figure 7-2, and it is explained be-
low for Project S.

The cumulative cash flow at t = 0 is just the initial cost of —$1,000. At Year 1 the
cumulative cash flow is the previous cumulative of —$1,000 plus the Year 1 cash flow
of $500: —$1,000 + $500 = —$500. Similarly, the cumulative for Year 2 is the previ-
ous cumulative of —=$500 plus the Year 2 inflow of $400, resulting in —$100. We see
that by the end of Year 3 the cumulative inflows have more than recovered the initial
outflow. Thus, the payback occurred during the third year. If the $300 of inflows
comes in evenly during Year 3, then the exact payback period can be found as follows:

Unrecovered cost at start of year

Paybacks = Year before full recovery +

$100
=2+ 300 2.33 years.
Applying the same procedure to Project L, we find Payback;, = 3.33 years.

The shorter the payback period, the better. Therefore, if the firm required a pay-
back of three years or less, Project S would be accepted but Project L would be rejected.
If the projects were mutually exclusive, S would be ranked over L because S has the
shorter payback. Mutually exclusive means that if one project is taken on, the other must
be rejected. For example, the installation of a conveyor-belt system in a warehouse and
the purchase of a fleet of forklifts for the same warehouse would be mutually exclusive
projects—accepting one implies rejection of the other. Independent projects are
projects whose cash flows don’t affect one another.

Cash flow during year

Discounted Payback Period

Some firms use a variant of the regular payback, the discounted payback period,
which is similar to the regular payback period except that the expected cash flows are
discounted by the project’s cost of capital. Thus, the discounted payback period is de-
fined as the number of years required to recover the investment from discounted net
cash flows. Figure 7-3 contains the discounted net cash flows for Projects S and L,

FIGURE 7-2 Payback Period for Projects S and L

. 0 1 2 3 4
Project S: I } } : i
Net cash flow —1,000 500 400 300 100
Cumulative NCF —1,000  —500 —100 200 300

Paybacks = 2.33 years.
Project L: (:) % 2: % ?
Net cash flow —1,000 100 300 400 600
Cumulative NCF —1,000  —900 —600 —200 400

Payback;, = 3.33 years.
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FIGURE 7-3 Projects S and L: Discounted Payback Period

. 0 1 2 3 4
Project S: I } } + i
Net cash flow —1,000 500 400 300 100
Discounted NCF (at 10%) —1,000 455 331 225 68
Cumulative discounted NCF —1,000 —545 —214 11 79

Paybacks = 2.95 years.
Project L: (:) % 2: % ?
Net cash flow —1,000 100 300 400 600
Discounted NCF (at 10%) —1,000 91 248 301 410
Cumulative discounted NCF —1,000 -909 —661 —360 50

Payback;, = 3.88 years.

assuming both projects have a cost of capital of 10 percent. To construct Figure 7-3,
each cash inflow is divided by (1 + r)" = (1.10), where t is the year in which the cash
flow occurs and r is the project’s cost of capital. After three years, Project S will have
generated $1,011 in discounted cash inflows. Because the cost is $1,000, the dis-
counted payback is just under three years, or, to be precise, 2 + ($214/$225) = 2.95
years. Project Is discounted payback is 3.88 years:

Discounted paybackg = 2.0 + $214/$225 = 2.95 years.
Discounted paybacky, = 3.0 + $360/$410 = 3.88 years.

For Projects S and L, the rankings are the same regardless of which payback method
is used; that is, Project S is preferred to Project L, and Project S would still be selected
if the firm were to require a discounted payback of three years or less. Often, however,
the regular and the discounted paybacks produce conflicting rankings.

Evaluating Payback and Discounted Payback

Note that the payback is a type of “breakeven” calculation in the sense that if cash
flows come in at the expected rate until the payback year, then the project will break
even. However, the regular payback does not consider the cost of capital—no cost for
the debt or equity used to undertake the project is reflected in the cash flows or the
calculation. The discounted payback does consider capital costs—it shows the
breakeven year after covering debt and equity costs.

An important drawback of both the payback and discounted payback methods is
that they ignore cash flows that are paid or received after the payback period. For
example, suppose Project L had an additional cash flow of $5,000 at Year 5. Common
sense suggests that Project L would be more valuable than Project S, yetits payback and
discounted payback make it look worse than Project S. Consequently, both payback
methods have serious deficiencies.”

Although the payback methods have serious faults as ranking criteria, they do pro-
vide information on how long funds will be tied up in a project. Thus, the shorter the
payback period, other things held constant, the greater the project’s liguidity. Also, since

?Another capital budgeting technique that was once used widely is the accounting rate of return (ARR), which
examines a project’s contribution to the firm’ net income. Very few companies still use the ARR, and it really
has no redeeming features, so we will not discuss it.
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cash flows expected in the distant future are generally riskier than near-term cash flows,
the payback is often used as an indicator of a project’s riskiness.

Net Present Value (NPV)

As the flaws in the payback were recognized, people began to search for ways to im-
prove the effectiveness of project evaluations. One such method is the net present
value (NPV) method, which relies on discounted cash flow (DCF) techniques. To
implement this approach, we proceed as follows:

1. Find the present value of each cash flow, including all inflows and outflows, dis-
counted at the project’s cost of capital.

2. Sum these discounted cash flows; this sum is defined as the project’s NPV.

3. If the NPV is positive, the project should be accepted, while if the NPV is negative,
it should be rejected. If two projects with positive NPVs are mutually exclusive, the
one with the higher NPV should be chosen.

The equation for the NPV is as follows:

CF; CF, CF,

NPV = CF, + + bt
T+t A+ 1+ )"

" CF, (7-1)
=20 o

Here CF, is the expected net cash flow at Period t, r is the project’s cost of capital, and
n is its life. Cash outflows (expenditures such as the cost of buying equipment or build-
ing factories) are treated as negative cash flows. In evaluating Projects S and L, only
CF, is negative, but for many large projects such as the Alaska Pipeline, an electric
generating plant, or a new Boeing jet aircraft, outflows occur for several years before
operations begin and cash flows turn positive.

At a 10 percent cost of capital, Project S’ NPV is $78.82:

0 _r=10% | : ; H
Cash Flows —1,000.00 500 400 300 100

454.55 o

330.58

225.39

68.30

Net Present Value 78.82

By a similar process, we find NPVy, = $49.18. On this basis, both projects should
be accepted if they are independent, but S should be chosen over L if they are mutu-
ally exclusive.

It is not hard to calculate the NPV as was done in the time line by using Equation
7-1 and a regular calculator. However, it is more efficient to use a financial calculator.
Different calculators are set up somewhat differently, but they all have a section of
memory called the “cash flow register” that is used for uneven cash flows such as those
in Projects S and L (as opposed to equal annuity cash flows). A solution process for
Equation 7-1 is literally programmed into financial calculators, and all you have to do is
enter the cash flows (being sure to observe the signs), along with the value of r = I. At
that point, you have (in your calculator) this equation:

500 . 400 300 100
(1.100"  (1.10Y*  (1.10 (@.10*

NPV = —1,000 +
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Note that the equation has one unknown, NPV. Now all you need to do is to ask the
calculator to solve the equation for you, which you do by pressing the NPV button
(and, on some calculators, the “compute” button). The answer, 78.82, will appear on
the screen.’

Most projects last for more than four years, and, as you will see in Chapter 8, we
must go through a number of steps to develop the estimated cash flows. Therefore, fi-
nancial analysts generally use spreadsheets when dealing with capital budgeting proj-
ects. For Project S, this spreadsheet could be used (disregard for now the IRR on Row
6; we discuss it in the next section):

A B C D E F
1 ProjectS
2 r= 10%
3 Time 1 2 3 4 5
4 Cash flow = -1000 500 400 300 100
5 NPV= $78.82
6 IRR= 14.5%

In Excel, the formula in Cell B5 is: =B4+NPV(B2,C4:F4), and it results in a value
of $78.82.* For a simple problem such as this, setting up a spreadsheet may not
seem worth the trouble. However, in real-world problems there will be a number of

¥The Technology Supplement for this text explains commonly used calculator applications for a variety of cal-
culators. The steps for two popular calculators, the HP-10B and the HP-17B, are shown below.

HP-10B: (1) Clear the memory. (2) Enter CF as follows: 1000 +/— CFj. (3) Enter CF; as follows:
500 CFj. (4) Repeat the process to enter the other cash flows. Note that CF 0, CF 1, and so forth, flash
on the screen as you press the CFj button. If you hold the button down, CF 0 and so forth, will remain
on the screen until you release it. (5) Once the CFs have been entered, enterr = I = 10%: 10 T/YR .
NPV to get the answer, NPV =
§$78.82. (7) If a cash flow is repeated for several years, you can avoid having to enter the CFs for each year.
For example, if the $500 cash flow for Year 1 had also been the CF for Years 2 through 10, making 10 of
these $500 cash flows, then after entering 500 CFj the first time, you could enter 10 Nj -
This would automatically enter 10 CFs of 500.

(6) Now that all of the inputs have been entered, you can press

HP-17B: (1) Go to the cash flow (CFLO) menu, clear if FLOW(0) = ? does not appear on the screen.
(2) Enter CF, as follows: 1000 +/— INPUT . (3) Enter CF; as follows: 500 INPUT . (4) Now, the
calculator will ask you if the 500 is for Period 1 only or if it is also used for several following periods. Since
it is only used for Period 1, press INPUT to answer “1.” Alternatively, you could press EXIT and
then #T? to turn off the prompt for the remainder of the problem. For some problems, you will want
to use the repeat feature. (5) Enter the remaining CFs, being sure to turn off the prompt or else to specify
“1” for each entry. (6) Once the CFs have all been entered, press EXIT and then CALC .(7) Now en-
terr =1=10% as follows: 10 1% . (8) Now press NPV to get the answer, NPV = $78.82.

*You could click the function wizard, /- then Financial, then NPV, and then OK. Then insert B2 as the rate
and C4:F4 as “Value 1,” which is the cash flow range. Then click OK, and edit the equation by adding B4.

Note that you cannot enter the —$1,000 cost as part of the NPV range because the Exce/ NPV function as-
sumes that the first cash flow in the range occurs at t = 1.
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rows above our cash flow line, starting with expected sales, then deducting various
costs and taxes, and ending up with the cash flows shown on Row 4. Moreover, once
a spreadsheet has been set up, it is easy to change input values to see what would
happen under different conditions. For example, we could see what would happen if
lower sales caused all cash flows to decline by $15, or if the cost of capital rose to
10.5 percent. Using Excel, it is easy to make such changes and then see the effects
on NPV.

Rationale for the NPV Method

The rationale for the NPV method is straightforward. An NPV of zero signifies that
the project’s cash flows are exactly sufficient to repay the invested capital and to pro-
vide the required rate of return on that capital. If a project has a positive NPV, then it
is generating more cash than is needed to service the debt and to provide the required
return to shareholders, and this excess cash accrues solely to the firm’s stockholders.
Therefore, if a firm takes on a project with a positive NPV, the wealth of the stock-
holders increases. In our example, shareholders’ wealth would increase by $78.82 if
the firm takes on Project S, but by only $49.18 if it takes on Project L. Viewed in this
manner, it is easy to see why S is preferred to L, and it is also easy to see the logic of
the NPV approach.’

There is also a direct relationship between NPV and EVA (economic value added,
as discussed in Chapter 9)—NPV is equal to the present value of the project’s future
EVAs. Therefore, accepting positive NPV projects should result in a positive EVA and
a positive MVA (market value added, or the excess of the firm’s market value over its
book value). So, a reward system that compensates managers for producing positive
EVA will lead to the use of NPV for making capital budgeting decisions.

Internal Rate of Return (IRR)

In Chapter 4 we presented procedures for finding the yield to maturity, or rate of re-
turn, on a bond—if you invest in a bond, hold it to maturity, and receive all of the
promised cash flows, you will earn the YI'M on the money you invested. Exactly the
same concepts are employed in capital budgeting when the internal rate of return
(IRR) method is used. The IRR is defined as the discount rate that equates the pres-
ent value of a project’s expected cash inflows to the present value of the project’s
costs:

PV(Inflows) = PV(Investment costs),

or, equivalently, the IRR is the rate that forces the NPV to equal zero:

CF, + Ch -+ Ch T G — =
(1 + IRR) (1 + IRR) a1+ IRR)
n (7-2)
= 20+ RRY 1+IRR)

This description of the process is somewhat oversimplified. Both analysts and investors anticipate that
firms will identify and accept positive NPV projects, and current stock prices reflect these expectations.
Thus, stock prices react to announcements of new capital projects only to the extent that such projects were
not already expected.
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For our Project S, here is the time line setup:

0 IRR 1 2 3 4
Cash Flows —1,000 500 400 300 100
|
Sum of PVs for CF;_4, 1,000
Net Present Value 0
1,000 + 500 400 300 100

+ + + =0
(1 +IRR)' (@1 +IRR? (1 +IRR’ (1 +IRR)?

Thus, we have an equation with one unknown, IRR, and we need to solve for IRR.

Although it is easy to find the NPV without a financial calculator, this is zot true
of the IRR. If the cash flows are constant from year to year, then we have an annuity,
and we can use annuity formulas as discussed in Chapter 2 to find the IRR. However,
if the cash flows are not constant, as is generally the case in capital budgeting, then it
is difficult to find the IRR without a financial calculator. Without a calculator, you
must solve Equation 7-2 by trial-and-error—try some discount rate and see if the
equation solves to zero, and if it does not, try a different discount rate, and continue
until you find the rate that forces the equation to equal zero. The discount rate that
causes the equation (and the NPV) to equal zero is defined as the IRR. For a realis-
tic project with a fairly long life, the trial-and-error approach is a tedious, time-
consuming task.

Fortunately, it is easy to find IRRs with a financial calculator. You follow proce-
dures almost identical to those used to find the NPV. First, you enter the cash flows as
shown on the preceding time line into the calculator’s cash flow register. In effect, you
have entered the cash flows into the equation shown below the time line. Note that we
have one unknown, IRR, which is the discount rate that forces the equation to equal
zero. The calculator has been programmed to solve for the IRR, and you activate this
program by pressing the button labeled “IRR.” Then the calculator solves for IRR and
displays it on the screen. Here are the IRRs for Projects S and L as found with a fi-
nancial calculator:®

IRRg = 14.5%.
IRR;, = 11.8%.

It is also easy to find the IRR using the same spreadsheet we used for the NPV. With
Excel, we simply enter this formula in Cell B6: =IRR(B4:F4). For Project S, the result
is 14.5 percent.”

“To find the TRR with an HP-10B or HP-17B, repeat the steps given in Footnote 3. Then, with an HP-10B,
press IRR/YR , and, after a pause, 14.49, Project S’s IRR, will appear. With the HP-17B, simply

press IRR% to get the IRR. With both calculators, you would generally want to get both the NPV
and the IRR before clearing the cash flow register. The Technology Supplement explains how to find IRR with
several other calculators.

"Note that the full range is specified, because Exce/s IRR function assumes that the first cash flow (the neg-
ative $1,000) occurs at t = 0. Also you can use the function wizard if you don’t have the formula memorized.
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If both projects have a cost of capital, or hurdle rate, of 10 percent, then the in-
ternal rate of return rule indicates that if the projects are independent, both should be
accepted—they are both expected to earn more than the cost of the capital needed to
finance them. If they are mutually exclusive, S ranks higher and should be accepted, so
L should be rejected. If the cost of capital is above 14.5 percent, both projects should
be rejected.

Notice that the internal rate of return formula, Equation 7-2, is simply the NPV
formula, Equation 7-1, solved for the particular discount rate that forces the NPV to
equal zero. Thus, the same basic equation is used for both methods, but in the NPV
method the discount rate, r, is specified and the NPV is found, whereas in the IRR
method the NPV is specified to equal zero, and the interest rate that forces this equal-
ity (the IRR) is calculated.

Mathematically, the NPV and IRR methods will always lead to the same accept/
reject decisions for independent projects. This occurs because if NPV is positive, IRR
must exceed r. However, NPV and IRR can give conflicting rankings for mutually ex-
clusive projects. This point will be discussed in more detail in a later section.

Rationale for the IRR Method

Why is the particular discount rate that equates a project’s cost with the present value
of its receipts (the IRR) so special? The reason is based on this logic: (1) The IRR on
a project is its expected rate of return. (2) If the internal rate of return exceeds the cost
of the funds used to finance the project, a surplus will remain after paying for the cap-
ital, and this surplus will accrue to the firm’s stockholders. (3) Therefore, taking on a
project whose IRR exceeds its cost of capital increases shareholders’ wealth. On the
other hand, if the internal rate of return is less than the cost of capital, then taking on
the project will impose a cost on current stockholders. It is this “breakeven” charac-
teristic that makes the IRR useful in evaluating capital projects.

What four capital budgeting ranking methods were discussed in this section?
Describe each method, and give the rationale for its use.

What two methods always lead to the same accept/reject decision for indepen-
dent projects?

What two pieces of information does the payback period convey that are not
conveyed by the other methods?

Comparison of the NPV and IRR Methods

See Ch 07 Tool Kit.xls for
all calculations.

In many respects the NPV method is better than IRR, so it is tempting to explain NPV
only, to state that it should be used to select projects, and to go on to the next topic.
However, the IRR is familiar to many corporate executives, it is widely entrenched in
industry, and it does have some virtues. Therefore, it is important for you to understand
the IRR method but also to be able to explain why, at times, a project with a lower IRR
may be preferable to a mutually exclusive alternative with a higher IRR.

NPV Profiles

A graph that plots a project’s NPV against the cost of capital rates is defined as
the project’s net present value profile; profiles for Projects L and S are shown in
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Figure 7-4. 'To construct NPV profiles, first note that at a zero cost of capital, the
NPV is simply the total of the project’s undiscounted cash flows. Thus, at a zero cost
of capital NPVg = $300, and NPVy, = $400. These values are plotted as the vertical
axis intercepts in Figure 7-4. Next, we calculate the projects’ NPVs at three costs of
capital, 5, 10, and 15 percent, and plot these values. The four points plotted on our
graph for each project are shown at the bottom of the figure.

Recall that the IRR is defined as the discount rate at which a project’s NPV equals
zero. Therefore, the point where its net present value profile crosses the borizontal axis indi-
cates a project’s internal vate of return. Since we calculated IRRg and IRR;, in an earlier
section, we can confirm the validity of the graph.

When we plot a curve through the data points, we have the net present value pro-
files. NPV profiles can be very useful in project analysis, and we will use them often in
the remainder of the chapter.

NPV Rankings Depend on the Cost of Capital

Figure 7-4 shows that the NPV profiles of both Project L and Project S decline as the
cost of capital increases. But notice in the figure that Project L has the higher NPV at
a low cost of capital, while Project S has the higher NPV if the cost of capital is greater
than the 7.2 percent crossover rate. Notice also that Project s NPV is “more sensi-
tive” to changes in the cost of capital than is NPVyg; that is, Project L's net present
value profile has the steeper slope, indicating that a given change in r has a greater ef-
fect on NPV} than on NPVg.

Recall that a long-term bond has greater sensitivity to interest rates than a short-
term bond. Similarly, if a project has most of its cash flows coming in the early years,
its NPV will not decline very much if the cost of capital increases, but a project whose
cash flows come later will be severely penalized by high capital costs. Accordingly,
Project L, which has its largest cash flows in the later years, is hurt badly if the cost of
capital is high, while Project S, which has relatively rapid cash flows, is affected less by
high capital costs. Therefore, Project L's NPV profile has the steeper slope.

Evaluating Independent Projects

If an independent project is being evaluated, then the NPV and IRR criteria always lead
to the same accept/reject decision: if NPV says accept, IRR also says accept. To see
why this is so, assume that Projects L and S are independent, look at Figure 7-4, and
notice (1) that the IRR criterion for acceptance for either project is that the project’s
cost of capital is less than (or to the left of) the IRR and (2) that whenever a project’s
cost of capital is less than its IRR, its NPV is positive. Thus, at any cost of capital less
than 11.8 percent, Project L will be acceptable by both the NPV and the IRR criteria,
while both methods reject Project L if the cost of capital is greater than 11.8 percent.
Project S—and all other independent projects under consideration—could be ana-
lyzed similarly, and it will always turn out that if the IRR method says accept, then so
will the NPV method.

Evaluating Mutually Exclusive Projects

Now assume that Projects S and L are mutually exclusive rather than independent.
That s, we can choose either Project S or Project L, or we can reject both, but we can-
not accept both projects. Notice in Figure 7-4 that as long as the cost of capital is
greater than the crossover rate of 7.2 percent, then (1) NPVy is larger than NPV, and
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FIGURE 7-4 Net Present Value Profiles: NPVs of Projects S and L
at Different Costs of Capital

Net Present Value
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300 -<—— Project L's Net Present Value Profile
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Crossover Rate = 7.2%

I
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(2) IRRg exceeds IRR[.. Therefore, if r is greater than the crossover rate of 7.2 percent,
the two methods both lead to the selection of Project S. However, if the cost of capi-
tal is Jess than the crossover rate, the NPV method ranks Project L higher, but the IRR
method indicates that Project S is better. Thus, a conflict exists if the cost of capital is less
than the crossover rate.® NPV says choose mutually exclusive L, while IRR says take S.
Which is correct? Logic suggests that the NPV method is better, because it selects the
project that adds the most to shareholder wealth. But what causes the conflicting rec-
ommendations?

Two basic conditions can cause NPV profiles to cross, and thus conflicts to arise
between NPV and IRR: (1) when project size (o scale) differences exist, meaning that the

%The crossover rate is easy to calculate. Simply go back to Figure 7-1, where we set forth the two projects’
cash flows, and calculate the difference in those flows in each year. The differences are CFs — CFy, = $0,
+$400, +$100, —$100, and —$500, respectively. Enter these values in the cash flow register of a financial
calculator, press the IRR button, and the crossover rate, 7.17% = 7.2%, appears. Be sure to enter CF, = 0
or else you will not get the correct answer.
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cost of one project is larger than that of the other, or (2) when timing differences exist,
meaning that the timing of cash flows from the two projects differs such that most of
the cash flows from one project come in the early years while most of the cash flows
from the other project come in the later years, as occurred with our Projects L and S.

When either size or timing differences occur, the firm will have different amounts
of funds to invest in the various years, depending on which of the two mutually ex-
clusive projects it chooses. For example, if one project costs more than the other, then
the firm will have more money at t = 0 to invest elsewhere if it selects the smaller
project. Similarly, for projects of equal size, the one with the larger early cash
inflows—in our example, Project S—provides more funds for reinvestment in the
early years. Given this situation, the rate of return at which differential cash flows can
be invested is a critical issue.

The key to resolving conflicts between mutually exclusive projects is this: How
useful is it to generate cash flows sooner rather than later? The value of early cash
flows depends on the return we can earn on those cash flows, that is, the rate at which
we can reinvest them. The NPV method implicitly assumes that the rate at which cash flows
can be reinvested is the cost of capital, whereas the IRR method assumes that the firm can rein-
vest at the IRR. These assumptions are inherent in the mathematics of the discount-
ing process. The cash flows may actually be withdrawn as dividends by the stock-
holders and spent on beer and pizza, but the NPV method still assumes that cash
flows can be reinvested at the cost of capital, while the IRR method assumes rein-
vestment at the project’s IRR.

Which is the better assumption—that cash flows can be reinvested at the cost of
capital, or that they can be reinvested at the project’s IRR? The best assumption is that
projects’ cash flows can be reinvested at the cost of capital, which means that the NPV
method is more reliable.

We should reiterate that, when projects are independent, the NPV and IRR meth-
ods both lead to exactly the same accept/reject decision. However, when evaluating
mutually exclusive projects, especially those that differ in scale and/or timing, the NPV method
should be used.

Multiple IRRs

There is another reason the IRR approach may not be reliable—when projects have
nonnormal cash flows. A project has normal cash flows if it has one or more cash
outflows (costs) followed by a series of cash inflows. Notice that normal cash flows
have only one change in sign—they begin as negative cash flows, change to positive
cash flows, and then remain positive.” Nonnormal cash flows occur when there is
more than one change in sign. For example, a project may begin with negative cash
flows, switch to positive cash flows, and then switch back to negative cash flows. This
cash flow stream has two sign changes—negative to positive and then positive to
negative—so it is a nonnormal cash flow. Projects with nonnormal cash flows can ac-
tually have two or more IRRs, or multiple IRRs!
To see this, consider the equation that one solves to find a project’s IRR:

n C Ft

SRy~ 72

“Normal cash flows can also begin with positive cash flows, switch to negative cash flows, and then remain
negative. The key is that there is only one change in sign.



The Basics of Capital Budgeting: Evaluating Cash Flows

Notice that Equation 7-2 is a polynomial of degree n, so it has n different roots, or
solutions. All except one of the roots are imaginary numbers when investments have
normal cash flows (one or more cash outflows followed by cash inflows), so in the
normal case, only one value of IRR appears. However, the possibility of multiple
real roots, hence multiple IRRs, arises when the project has nonnormal cash flows
(negative net cash flows occur during some year after the project has been placed in
operation).

To illustrate, suppose a firm is considering the expenditure of $1.6 million to de-
velop a strip mine (Project M). The mine will produce a cash flow of $10 million at the
end of Year 1. Then, at the end of Year 2, $10 million must be expended to restore the
land to its original condition. Therefore, the project’s expected net cash flows are as
follows (in millions of dollars):

Expected Net Cash Flows

Year O End of Year 1 End of Year 2

-$1.6 +$10 -$10

These values can be substituted into Equation 7-2 to derive the IRR for the investment:

—$1.6 million  $10 million  —$10 million
NPV = o 1 > =
(1 +IRR° (1 + IRR)' = (I + IRR)

When solved, we find that NPV = 0 when IRR = 25% and also when IRR = 400%."°
Therefore, the IRR of the investment is both 25 and 400 percent. This relationship is
depicted graphically in Figure 7-5. Note that no dilemma would arise if the NPV
method were used; we would simply use Equation 7-1, find the NPV, and use this to
evaluate the project. If Project M’s cost of capital were 10 percent, then its NPV would
be —$0.77 million, and the project should be rejected. If r were between 25 and 400
percent, the NPV would be positive.

The example illustrates how multiple IRRs can arise when a project has nonnor-
mal cash flows. In contrast, the NPV criterion can easily be applied, and this method
leads to conceptually correct capital budgeting decisions.

'If you attempted to find the IRR of Project M with many financial calculators, you would get an error
message. This same message would be given for all projects with multiple IRRs. However, you can still find
Project M’s IRRs by first calculating NPVs using several different values for r and then plotting the NPV
profile. The intersections with the X-axis give a rough idea of the IRR values. Finally, you can use trial-and-
error to find the exact values of r that force NPV = 0.

Note, too, that some calculators, including the HP-10B and 17B, can find the IRR. At the error mes-
sage, key in a guess, store it, and press the IRR key. With the HP-10B, type 10 STO IRR,
and the answer, 25.00, appears. If you enter as your guess a cost of capital less than the one at which NPV
in Figure 7-5 is maximized (about 100%), the lower IRR, 25%, is displayed. If you guess a high rate, say,
150, the higher IRR is shown.

The IRR function in spreadsheets also begins its trial-and-error search for a solution with an initial
guess. If you omit the initial guess, the Exce/ default starting point is 10 percent. Now suppose the values
—1.6, +10, and —10 were in Cells A1:C1. You could use this Exce! formula: =IRR(A1:C1,10%), where
10 percent is the initial guess, and it would produce a result of 25 percent. If you used a guess of 150 per-
cent, you would have this formula: =TRR(A1:C1,150%), and it would produce a result of 400 percent.
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FIGURE 7-5 NPV Profile for Project M
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Describe how NPV profiles are constructed, and define the crossover rate.

Self-Test

Questions How does the “reinvestment rate” assumption differ between the NPV and IRR

methods?

If a conflict exists, should the capital budgeting decision be made on the basis of
the NPV or the IRR ranking? Why?

Explain the difference between normal and nonnormal cash flows, and their rela-
tionship to the “multiple IRR problem.”

Modified Internal Rate of Return (MIRR)

In spite of a strong academic preference for NPV, surveys indicate that many execu-
tives prefer IRR over NPV. Apparently, managers find it intuitively more appealing to
evaluate investments in terms of percentage rates of return than dollars of NPV. Given
this fact, can we devise a percentage evaluator that is better than the regular IRR? The
answer is yes—we can modify the IRR and make it a better indicator of relative prof-
itability, hence better for use in capital budgeting. The new measure is called the
modified IRR, or MIRR, and it is defined as follows:

+ n—t
OF Zocma )

t ot
+1° (1 + MIRR)"
Terminal value

(1 + MIRR)" °

= PV of terminal value

> C
24

PV of costs =

(7-2a)

Here COF refers to cash outflows (negative numbers), or the cost of the project, and
CIF refers to cash inflows (positive numbers). The left term is simply the PV of the
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investment outlays when discounted at the cost of capital, and the numerator of the
right term is the compounded future value of the inflows, assuming that the cash in-
flows are reinvested at the cost of capital. The compounded future value of the cash
inflows is also called the terminal value, or TV, The discount rate that forces the PV of
the TV to equal the PV of the costs is defined as the MIRR.""

We can illustrate the calculation with Project S:

0 1 2 3 4
Cash Flows  —1,000 500 400 300 100.00
b 4 r=10%
PV of costs’* = —1,000 330.00
r=10%
= Lo 484.00
L 665.50

Terminal Value (TV) = 1,579.50

PVofTV = 1,000 MIRR = 12.1% ‘

NPV 0

Using the cash flows as set out on the time line, first find the terminal value by com-
pounding each cash inflow at the 10 percent cost of capital. Then enter N = 4, PV =
—1000, PMT = 0, FV = 1579.5, and then press the I button to find MIRRg = 12.1%.
Similarly, we find MIRR;, = 11.3%."*

The modified IRR has a significant advantage over the regular IRR. MIRR as-
sumes that cash flows from all projects are reinvested at the cost of capital, while the
regular IRR assumes that the cash flows from each project are reinvested at the proj-
ect’s own IRR. Since reinvestment at the cost of capital is generally more correct, the
modified IRR is a better indicator of a project’s true profitability. The MIRR also
eliminates the multiple IRR problem. To illustrate, with r = 10%, Project M (the strip
mine project) has MIRR = 5.6% versus its 10 percent cost of capital, so it should be
rejected. This is consistent with the decision based on the NPV method, because at
r = 10%, NPV = —$0.77 million.

"There are several alternative definitions for the MIRR. The differences primarily relate to whether nega-
tve cash flows that occur after positive cash flows begin should be compounded and treated as part of the
TV or discounted and treated as a cost. A related issue is whether negative and positive flows in a given year
should be netted or treated separately. Fora complete discussion, see William R. McDaniel, Daniel E. Mc-
Carty, and Kenneth A. Jessell, “Discounted Cash Flow with Explicit Reinvestment Rates: Tutorial and Ex-
tension,” The Financial Review, August 1988, 369-385; and David M. Shull, “Interpreting Rates of Return:
A Modified Rate of Return Approach,” Financial Practice and Education, Fall 1993, 67-71

"’In this example, the only negative cash flow occurs at t = 0, so the PV of costs is equal to CF.

With some calculators, including the HP-17B, you could enter the cash inflows in the cash flow register
(being sure to enter CF,, = 0), enter I = 10, and then press the NFV key to find TV = 1,579.50. The HP-10B
does not have an NFV key, but you can still use the cash flow register to find TV. Enter the cash inflows in the
cash flow register (with CF, = 0), then enter I = 10, then press NPV to find the PV of the inflows,

which is 1,078.82. Now, with the regular time value keys, enter N = 4,1 = 10, PV = —1078.82, PMT =0,
and press FV to find TVg = 1,579.50. Similar procedures can be used with other financial calculators.

Most spreadsheets have a function for finding the MIRR. Refer back to our spreadsheet for Project S,
with cash flows of —1,000, 500, 400, 300, and 100 in Cells B4:F4. You could use the Exce/ function wizard
to set up the following formula: =MIRR(B4:F4,10%,10%). Here the first 10 percent is the cost of capital
used for discounting, and the second one is the rate used for compounding, or the reinvestment rate. In our
definition of the MIRR, we assume that reinvestment is at the cost of capital, so we enter 10 percent twice.
The result is an MIRR of 12.1 percent.
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Self-Test
Questions

Is MIRR as good as NPV for choosing between mutually exclusive projects? If two
projects are of equal size and have the same life, then NPV and MIRR will always lead
to the same decision. Thus, for any set of projects like our Projects S and L, if
NPVg > NPV;, then MIRRg > MIRR;, and the kinds of conflicts we encountered
between NPV and the regular IRR will not occur. Also, if the projects are of equal
size, but differ in lives, the MIRR will always lead to the same decision as the NPV if
the MIRRs are both calculated using as the terminal year the life of the longer project.
(Just fill in zeros for the shorter project’s missing cash flows.) However, if the projects
differ in size, then conflicts can still occur. For example, if we were choosing between
a large project and a small mutually exclusive one, then we might find NPV, > NPV,
but MIRRg > MIRR; ..

Our conclusion is that the MIRR is superior to the regular IRR as an indicator
of a project’s “true” rate of return, or “expected long-term rate of return,” but the
NPV method is still the best way to choose among competing projects because it
provides the best indication of how much each project will add to the value of the firm.

Describe how the modified IRR (MIRR) is calculated.
What are the primary differences between the MIRR and the regular IRR?

What condition can cause the MIRR and NPV methods to produce conflicting
rankings?

Profitability Index

Self-Test
Question

Another method used to evaluate projects is the profitability index (PI):

i CF,
i — PV of future cash flows <& (1 + 1) (7-3)
Initial cost CF,

Here CF, represents the expected future cash flows, and CF, represents the initial cost.
The PI shows the relative profitability of any project, or the present value per dollar of
initial cost. The PI for Project S, based on a 10 percent cost of capital, is 1.079:

$1,078.82
Pl = 222
5 $1,000

Thus, on a present value basis, Project S is expected to produce $1.079 for each $1 of
investment. Project L, with a PI of 1.049, should produce $1.049 for each dollar
invested.

A project is acceptable if its PI is greater than 1.0, and the higher the PI, the higher
the project’s ranking. Therefore, both S and L would be accepted by the PI criterion
if they were independent, and S would be ranked ahead of L if they were mutually
exclusive.

Mathematically, the NPV, IRR, MIRR, and PI methods will always lead to the
same accept/reject decisions for independent projects: If a project’s NPV is positive, its
IRR and MIRR will always exceed r, and its PI will always be greater than 1.0. How-
ever, these methods can give conflicting rankings for mutually exclusive projects. This
point is discussed in more detail in the next section.

= 1.079.

Explain how the Pl is calculated. What does it measure?
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Conclusions on Capital Budgeting Methods

We have discussed six capital budgeting decision methods, comparing the methods
with one another, and highlighting their relative strengths and weaknesses. In the
process, we probably created the impression that “sophisticated” firms should use only
one method in the decision process, NPV. However, virtually all capital budgeting de-
cisions are analyzed by computer, so it is easy to calculate and list all the decision mea-
sures: payback and discounted payback, NPV, IRR, modified IRR (MIRR), and profit-
ability index (PI). In making the accept/reject decision, most large, sophisticated firms
calculate and consider all of the measures, because each one provides decision makers
with a somewhat different piece of relevant information.

Payback and discounted payback provide an indication of both the risk and the /ig-
uidity of a project—a long payback means (1) that the investment dollars will be locked
up for many years, hence the project is relatively illiquid, and (2) that the project’s cash
flows must be forecasted far out into the future, hence the project is probably quite
risky. A good analogy for this is the bond valuation process. An investor should never
compare the yields to maturity on two bonds without also considering their terms to
maturity, because a bond’s riskiness is affected by its maturity.

NPV is important because it gives a direct measure of the dollar benefit of the
project to shareholders. Therefore, we regard NPV as the best single measure of prof-
itability. IRR also measures profitability, but here it is expressed as a percentage rate
of return, which many decision makers prefer. Further, IRR contains information
concerning a project’s “safety margin.” "To illustrate, consider the following two proj-
ects: Project S (for small) costs $10,000 and is expected to return $16,500 at the end
of one year, while Project L (for large) costs $100,000 and has an expected payoff of
$115,500 after one year. At a 10 percent cost of capital, both projects have an NPV
of $5,000, so by the NPV rule we should be indifferent between them. However, Proj-
ect S has a much larger margin for error. Even if its realized cash inflow were 39 per-
cent below the $16,500 forecast, the firm would still recover its $10,000 investment.
On the other hand, if Project Is inflows fell by only 13 percent from the forecasted
$115,500, the firm would not recover its investment. Further, if no inflows were gen-
erated at all, the firm would lose only $10,000 with Project S, but $100,000 if it took
on Project L.

The NPV provides no information about either of these factors—the “safety mar-
gin” inherent in the cash flow forecasts or the amount of capital at risk. However, the
IRR does provide “safety margin” information—Project S’ IRR is a whopping 65 per-
cent, while Project L's IRR is only 15.5 percent. As a result, the realized return could
fall substantially for Project S, and it would still make money. The modified IRR has
all the virtues of the IRR, but (1) it incorporates a better reinvestment rate assump-
tion, and (2) it avoids the multiple rate of return problem.

The PI measures profitability relative to the cost of a project—it shows the “bang
per buck.” Like the IRR, it gives an indication of the project’s risk, because a high PI
means that cash flows could fall quite a bit and the project would still be profitable.

The different measures provide different types of information to decision makers.
Since it is easy to calculate all of them, all should be considered in the decision process.
For any specific decision, more weight might be given to one measure than another, but
itwould be foolish to ignore the information provided by any of the methods.

Just as it would be foolish to ignore these capital budgeting methods, it would also
be foolish to make decisions based solely on them. One cannot know at Time 0 the
exact cost of future capital, or the exact future cash flows. These inputs are simply
estimates, and if they turn out to be incorrect, then so will be the calculated NPVs and
IRRs. Thus, quantitative methods provide valuable information, but they should not be used as
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Self-Test
Questions

the sole criteria for accept/reject decisions in the capital budgeting process. Rather, man-
agers should use quantitative methods in the decision-making process but also con-
sider the likelihood that actual results will differ from the forecasts. Qualitative factors,
such as the chances of a tax increase, or a war, or a major product liability suit, should
also be considered. In summary, quantitative methods such as NPV and IRR should be con-
sidered as an aid to informed decisions but not as a substitute for sound managerial judgment.

In this same vein, managers should ask sharp questions about any project that has
a large NPV, a high IRR, or a high PI In a perfectly competitive economy, there
would be no positive NPV projects—all companies would have the same opportuni-
ties, and competition would quickly eliminate any positive NPV. Therefore, positive
NPV projects must be predicated on some imperfection in the marketplace, and the
longer the life of the project, the longer that imperfection must last. Therefore, man-
agers should be able to identify the imperfection and explain why it will persist before
accepting that a project will really have a positive NPV. Valid explanations might in-
clude patents or proprietary technology, which is how pharmaceutical and software
firms create positive NPV projects. Hoechst’s Allegra® allergy medicine and Mi-
crosoft’s Windows XP® operating system are examples. Companies can also create
positive NPV by being the first entrant into a new market or by creating new products
that meet some previously unidentified consumer needs. The Post-it® notes invented
by 3M is an example. Similarly, Dell developed procedures for direct sales of micro-
computers, and in the process created projects with enormous NPV. Also, companies
such as Southwest Airlines have managed to train and motivate their workers better
than their competitors, and this has led to positive NPV projects. In all of these cases,
the companies developed some source of competitive advantage, and that advantage
resulted in positive NPV projects.

"This discussion suggests three things: (1) If you can’t identify the reason a project
has a positive projected NPV, then its actual NPV will probably not be positive.
(2) Positive NPV projects don’t just happen—they result from hard work to develop
some competitive advantage. At the risk of oversimplification, the primary job of a
manager is to find and develop areas of competitive advantage. (3) Some competitive
advantages last longer than others, with their durability depending on competitors’
ability to replicate them. Patents, the control of scarce resources, or large size in an in-
dustry where strong economies of scale exist can keep competitors at bay. However, it
is relatively easy to replicate nonpatentable features on products. The bottom line is
that managers should strive to develop nonreplicatible sources of competitive advan-
tage, and if such an advantage cannot be demonstrated, then you should question proj-
ects with high NPV, especially if they have long lives.

Describe the advantages and disadvantages of the six capital budgeting meth-
ods discussed in this chapter.

Should capital budgeting decisions be made solely on the basis of a project’'s NPV?

What are some possible reasons that a project might have a large NPV?

Business Practices

The findings of a 1993 survey of the capital budgeting methods used by the Forrune
500 industrial companies are shown below:'*

“Harold Bierman, “Capital Budgeting in 1993: A Survey,” Financial Management, Autumn 1993, 24.
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1. Every responding firm used some type of DCF method. In 1955, a similar study re-
ported that only 4 percent of large companies used a DCF method. Thus, large
firms’ usage of DCF methodology increased dramatically in the last half of the
20th century.

2. The payback period was used by 84 percent of Bierman’s surveyed companies.
However, no company used it as the primary method, and most companies gave the
greatest weight to a DCF method. In 1955, surveys similar to Bierman’s found that
payback was the most important method.

3. In 1993, 99 percent of the Fortune 500 companies used IRR, while 85 percent used
NPV. Thus, most firms actually used both methods.

4. Ninety-three percent of Bierman’s companies calculated a weighted average cost of
capital as part of their capital budgeting process. A few companies apparently used
the same WACC for all projects, but 73 percent adjusted the corporate WACC to
account for project risk, and 23 percent made adjustments to reflect divisional risk.

5. An examination of surveys done by other authors led Bierman to conclude that
there has been a strong trend toward the acceptance of academic recommenda-
tions, at least by large companies.

A second 1993 study, conducted by Joe Walker, Richard Burns, and Chad Denson
(WBD), focused on small companies.'* WBD began by noting the same trend toward
the use of DCF that Bierman cited, but they reported that only 21 percent of small
companies used DCF versus 100 percent for Bierman’s large companies. WBD also
noted that within their sample, the smaller the firm, the smaller the likelihood that
DCEF would be used. The focal point of the WBD study was why small companies use
DCF so much less frequently than large firms. The three most frequently cited rea-
sons, according to the survey, were (1) small firms’ preoccupation with liquidity, which
is best indicated by payback, (2) a lack of familiarity with DCF methods, and (3) a be-
lief that small project sizes make DCF not worth the effort.

The general conclusion one can reach from these studies is that large firms should
and do use the procedures we recommend, and that managers of small firms, espe-
cially managers with aspirations for future growth, should at least understand DCF
procedures well enough to make rational decisions about using or not using them.
Moreover, as computer technology makes it easier and less expensive for small firms to
use DCF methods, and as more and more of their competitors begin using these
methods, survival will necessitate increased DCF usage.

Self-Test What general considerations can be reached from these studies?
Question

The Post-Audit

An important aspect of the capital budgeting process is the post-audit, which involves
(1) comparing actual results with those predicted by the project’s sponsors and (2) ex-
plaining why any differences occurred. For example, many firms require that the
operating divisions send a monthly report for the first six months after a project goes
into operation, and a quarterly report thereafter, until the project’s results are up to

70e Walker, Richard Burns, and Chad Denson, “Why Small Manufacturing Firms Shun DCE?” Fournal of
Small Business Finance, 1993, 233-249.
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Techniques Firms Use to Evaluate Corporate Projects

Professors John Graham and Campbell Harvey of Duke
University recently surveyed 392 chief financial officers
(CFOs) about their companies’ corporate practices. Of those
firms, 26 percent had sales less than $100 million, 32 percent
had sales between $100 million and $1 billion, and 42 per-
cent exceeded $1 billion.

The CFOs were asked to indicate what approaches they
used to estimate the cost of equity: 73.5 percent used the
Capital Asset Pricing Model (CAPM), 34.3 percent used a
multi-beta version of the CAPM, and 15.7 percent used the
dividend discount model. The CFOs also used a variety of
risk adjustment techniques, but most still used a single hur-
dle rate to evaluate all corporate projects.

The CFOs were also asked about the capital budgeting
techniques they used. Most used NPV (74.9 percent) and

cent) also used the payback approach. These results confirm
that most firms use more than one approach to evaluate
projects.

The survey also found important differences between the
practices of small firms (less than $1 billion in sales) and
large firms (more than $1 billion in sales). Consistent with
the earlier studies by Bierman and by Walker, Burns, and
Denson (WBD) described in the text, Graham and Harvey
found that smaller firms are more likely to rely on the pay-
back approach, while larger firms are more likely to rely on
NPV and/or IRR.

Source: From John R. Graham and Campbell R. Harvey, “The Theory and
Practice of Corporate Finance: Evidence from the Field,” Fournal of Financial
Economics, Vol. 60, no. 2-3, 2001, 187-243. Copyright © 2001. Reprinted
with permission from Elsevier Science.

IRR (75.7 percent) to evaluate projects, but many (56.7 per-

expectations. From then on, reports on the operation are reviewed on a regular basis
like those of other operations.
The post-audit has three main purposes:

1. Improve forecasts. When decision makers are forced to compare their projections
to actual outcomes, there is a tendency for estimates to improve. Conscious or un-
conscious biases are observed and eliminated; new forecasting methods are sought
as the need for them becomes apparent; and people simply tend to do everything
better, including forecasting, if they know that their actions are being monitored.

2. Improve operations. Businesses are run by people, and people can perform at
higher or lower levels of efficiency. When a divisional team has made a forecast
about an investment, its members are, in a sense, putting their reputations on the
line and will strive to improve operations if they are evaluated with post-audits. In
a discussion related to this point, one executive made this statement: “You acade-
micians worry only about making good decisions. In business, we also worry about
making decisions good.”

3. Identify termination opportunities. Although the decision to undertake a
project may be the correct one based on information at hand, things don’t always
turn out as expected. The post-audit can help identify projects that should be ter-
minated because they have lost their economic viability.

The results of post-audits often conclude that (1) the actual NPVs of most cost re-
duction projects exceed their expected NPVs by a slight amount, (2) expansion proj-
ects generally fall short of their expected NPVs by a slight amount, and (3) new prod-
uct and new market projects often fall short by relatively large amounts. Thus, biases
seem to exist, and companies that understand them can build in corrections and thus
design better capital budgeting programs. Our observations of businesses and govern-
mental units suggest that the best-run and most successful organizations put great em-
phasis on post-audits. Accordingly, we regard the post-audit as being one of the most
important elements in a good capital budgeting system.
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Self-Test What is done in the post-audit?
Questions Identify several purposes of the post-audit.

Special Applications of Cash Flow Evaluation

Misapplication of the NPV method can lead to errors when two mutually exclusive
projects have unequal lives. There are also situations in which an asset should not be
operated for its full life. The following sections explain how to evaluate cash flows in
these situations.

Comparing Projects with Unequal Lives

Note that a replacement decision involves comparing two mutually exclusive projects:
retaining the old asset versus buying a new one. When choosing between two mutu-
ally exclusive alternatives with significantly different lives, an adjustment is necessary.
We now discuss two procedures—(1) the replacement chain method and (2) the
equivalent annual annuity method—to illustrate the problem and to show how to deal
with it.

Suppose a company is planning to modernize its production facilities, and it is con-
sidering either a conveyor system (Project C) or some forklift trucks (Project F) for
moving materials. Figure 7-6 shows both the expected net cash flows and the NPVs
for these two mutually exclusive alternatives. We see that Project C, when discounted
at the firm’s 11.5 percent cost of capital, has the higher NPV and thus appears to be
the better project.

Although the NPV shown in Figure 7-6 suggests that Project C should be se-
lected, this analysis is incomplete, and the decision to choose Project C is actually in-
correct. If we choose Project F, we will have an opportunity to make a similar invest-
ment in three years, and if cost and revenue conditions continue at the Figure 7-6
levels, this second investment will also be profitable. However, if we choose Project C,
we cannot make this second investment. Two different approaches can be used to
correctly compare Projects C and F. The first is the equivalent annual annuity

FIGURE 7-6 Expected Net Cash Flows for Projects C and F

Project C:
0 11.5% 1 2 3 4 5 6
—40,000 8,000 14,000 13,000 12,000 11,000 10,000

NPV¢at11.5% = §7,165; IRR = 17.5%.
Project F:

0 115% 1 2

3
—20,000 7,000 13,000 12,000
NPV at 11.5% = $5,391; IRR = 25.2%.
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(EAA) approach, and the second is the replacement chain (common life) ap-
proach. Both methods are theoretically correct, but the replacement chain approach
is the most widely used method in practice because it is very easy to apply using
spreadsheets and because it enables analysts to incorporate a variety of assumptions
regarding future inflation and efficiency gains. For those reasons, we focus here upon
the replacement chain approach. However, we provide a full description of the EAA
approach on the Web Extension to this chapter, and the Ch 07 Tool Kit.xIs illustrates
the application of both methods.

The key to the replacement chain approach is to analyze both projects using a
common life. In this example, we will find the NPV of Project F over a six-year pe-
riod, and then compare this extended NPV with Project C’s NPV over the same six
years. The NPV for Project C as calculated in Figure 7-6 is already over the six-year
common life. For Project F, however, we must add in a second project to extend the
overall life of the combined projects to six years. Here we assume (1) that Project F’s
cost and annual cash inflows will not change if the project is repeated in three years
and (2) that the cost of capital will remain at 11.5 percent:

0 1159% ! 2 3 4 5 6
—20,000 7,000 13,000 12,000 7,000 13,000 12,000
—20,000

—8,000

NPVat11.5% = $9,281; IRR = 25.2%.

The NPV of this extended Project F is $9,281, and its IRR is 25.2 percent. (The IRR
of two Project Fs is the same as the IRR for one Project F.) Since the $9,281 extended
NPV of Project F over the six-year common life is greater than the $7,165 NPV of
Project C, Project F should be selected.®

When should we worry about unequal life analysis? The unequal life issue (1) does
not arise for independent projects, but (2) it can arise if mutually exclusive projects
with significantly different lives are being compared. However, even for mutually ex-
clusive projects, it is not always appropriate to extend the analysis to a common life.
"This should only be done if there is a high probability that the projects will actually be
repeated at the end of their initial lives.

We should note several potentially serious weaknesses inherent in this type of
analysis: (1) If inflation is expected, then replacement equipment will have a higher
price. Moreover, both sales prices and operating costs will probably change. Thus, the
static conditions built into the analysis would be invalid. (2) Replacements that occur
down the road would probably employ new technology, which in turn might change
the cash flows. (3) It is difficult enough to estimate the lives of most projects, and even
more so to estimate the lives of a series of projects.

'SAlternatively, we could recognize that the value of the cash flow stream of two consecutive Project Fs can
be summarized by two NPVs: one at Year 0 representing the value of the initial project, and one at Year 3
representing the value of the replication project:

O 11s% ! 2 ; N > 6
5,391 ’ ) 5,391 ’ ) '
NPV = $9,281.

Ignoring rounding differences, the present value of these two cash flows, when discounted at 11.5 percent,
is again $9,281.
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In view of these problems, no experienced financial analyst would be too concerned
about comparing mutually exclusive projects with lives of, say, eight years and ten
years. Given all the uncertainties in the estimation process, such projects would, for all
practical purposes, be assumed to have the same life. Still, it is important to recognize
that a problem exists if mutually exclusive projects have substantially different lives.
When we encounter such problems in practice, we use a computer spreadsheet and
build expected inflation and/or possible efficiency gains directly into the cash flow esti-
mates, and then use the replacement chain approach. The cash flow estimation is a bit
more complicated, but the concepts involved are exactly the same as in our example.

Economic Life versus Physical Life

Projects are normally analyzed under the assumption that the firm will operate the as-
set over its full physical life. However, this may not be the best course of action—it
may be best to terminate a project before the end of its potential life, and this possi-
bility can materially affect the project’s estimated profitability. The situation in Table
7-1 can be used to illustrate this concept and its effects on capital budgeting. The sal-
vage values listed in the third column are after taxes, and they have been estimated for
each year of Project A’s life.

Using a 10 percent cost of capital, the expected NPV based on three years of oper-
ating cash flows and the zero abandonment (salvage) value is —$14.12:

0 10% 1 2 3
($4,800) $2,000 $2,000 $1,750
0
NPV = —$4,800 + $2,000/(1.10) + $2,000/(1.10)> + $1,750/(1.10)*
= —$14.12.

Thus, Project A would not be accepted if we assume that it will be operated over its
full three-year life. However, what would its NPV be if the project were terminated
after two years? In this case, we would receive operating cash flows in Years 1 and 2,
plus the salvage value at the end of Year 2, and the project’s NPV would be $34.71:

0 10% 1 2
($4,800) $2,000 $2,000
1,650
NPV = —$4,800 + $2,000/(1.10) + $2,000/(1.10)> + $1,650/(1.10)?

= $34.71.

Thus, Project A would be profitable if we operate it for two years and then dispose of
it. To complete the analysis, note that if the project were terminated after one year, its
NPV would be —$254.55. Thus, the optimal life for this project is two years.

TABLE 7-1 Project A: Investment, Operating, and Salvage Cash Flows

Year Initial (Year 0) Investment and After-tax Net Salvage Value
(t) Operating Cash Flows at End of Year t
0 ($4,800) $4,800

1 2,000 3,000
2 2,000 1,650
3 1,750 0



282

The Basics of Capital Budgeting: Evaluating Cash Flows

Self-Test

Questions

This type of analysis can be used to determine a project’s economic life, which is
the life that maximizes the NPV and thus maximizes shareholder wealth. For Project
A, the economic life is two years versus the three-year physical, or engineering, life.
Note that this analysis was based on the expected cash flows and the expected salvage
values, and it should always be conducted as a part of the capital budgeting evaluation
if salvage values are relatively high.

Briefly describe the replacement chain (common life) approach.

Define the economic life of a project (as opposed to its physical life).

The Optimal Capital Budget

The optimal capital budget is the set of projects that maximizes the value of the firm.
Finance theory states that all projects with positive NPVs should be accepted, and the
optimal capital budget consists of these positive NPV projects. However, two compli-
cations arise in practice: (1) an increasing marginal cost of capital and (2) capital
rationing.

An Increasing Marginal Cost of Capital

The cost of capital may depend on the size of the capital budget. As we discussed in
Chapter 6, the flotation costs associated with issuing new equity or public debt can
be quite high. This means that the cost of capital jumps upward after a company in-
vests all of its internally generated cash and must sell new common stock. In addi-
tion, investors often perceive extremely large capital investments to be riskier, which
may also drive up the cost of capital as the size of the capital budget increases. As a
result, a project might have a positive NPV if it is part of a “normal size” capital bud-
get, but the same project might have a negative NPV if it is part of an unusually large
capital budget. Fortunately, this problem occurs very rarely for most firms, and it is
unusual for an established firm to require new outside equity. Still, the Web Exten-
sion for this chapter on the textbook’s web site contains a more detailed discussion of
this problem and shows how to deal with the existence of an increasing marginal cost
of capital.

Capital Rationing

Armbrister Pyrotechnics, a manufacturer of fireworks and lasers for light shows, has
identified 40 potential independent projects, with 15 having a positive NPV based on
the firm’s 12 percent cost of capital. The total cost of implementing these 15 projects
is $75 million. Based on finance theory, the optimal capital budget is $75 million, and
Armbrister should accept the 15 projects with positive NPVs. However, Armbrister’s
management has imposed a limit of $50 million for capital expenditures during the
upcoming year. Due to this restriction, the company must forego a number of value-
adding projects. This is an example of capital rationing, defined as a situation in
which a firm limits its capital expenditures to less than the amount required to fund
the optimal capital budget. Despite being at odds with finance theory, this practice is
quite common.
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Why would any company forego value-adding projects? Here are some potential

explanations, along with some suggestions for better ways to handle these situations:

1. Reluctance to issue new stock. Many firms are extremely reluctant to issue new

stock, so all of their capital expenditures must be funded out of debt and internally
generated cash. Also, most firms try to stay near their target capital structure, and,
combined with the limit on equity, this limits the amount of debt that can be added
during any one year. The result can be a serious constraint on the amount of funds
available for investment in new projects.

This reluctance to issue new stock could be based on some sound reasons:
(a) flotation costs can be very expensive; (b) investors might perceive new stock of-
ferings as a signal that the company’s equity is overvalued; and (c) the company
might have to reveal sensitive strategic information to investors, thereby reducing
some of its competitive advantages. To avoid these costs, many companies simply
limit their capital expenditures.

However, rather than placing a somewhatartificial limit on capital expenditures, a
company mightbe better off explicitly incorporating the costs of raising external capi-
talinto its cost of capital. If there still are positive NPV projects even using this higher
costof capital, then the company should go ahead and raise external equity and accept
the projects. See the Web Extension for this chapter on the textbook’s web site for
more details concerning an increasing marginal cost of capital.

. Constraints on nonmonetary resources. Sometimes a firm simply does not have

the necessary managerial, marketing, or engineering talent to immediately accept
all positive NPV projects. In other words, the potential projects are not really in-
dependent, because the firm cannot accept them all. To avoid potential problems
due to spreading existing talent too thinly, many firms simply limit the capital bud-
get to a size that can be accommodated by their current personnel.

A better solution might be to employ a technique called linear programming.
Each potential project has an expected NPV, and each potential project requires
a certain level of support by different types of employees. A linear program can identify
the set of projects that maximizes NPV, subject to the constraint that the total amount
of support required for these projects does not exceed the available resources."’

. Controlling estimation bias. Many managers become overly optimistic when es-

timating the cash flows for a project. Some firms try to control this estimation bias
by requiring managers to use an unrealistically high cost of capital. Others try to
control the bias by limiting the size of the capital budget. Neither solution is gen-
erally effective since managers quickly learn the rules of the game and then in-
crease their own estimates of project cash flows, which might have been biased up-
ward to begin with.

A better solution is to implement a post-audit program and to link the accuracy
of forecasts to the compensation of the managers who initiated the projects.

What factors can lead to an increasing marginal cost of capital? How might this
affect capital budgeting?

What is capital rationing?

What are three explanations for capital rationing? How might firms handle these
situations?

'7See Stephen P. Bradley and Sherwood C. Frey, Jr., “Equivalent Mathematical Programming Models of
Pure Capital Rationing,” Journal of Financial and Quantitative Analysis, June 1978, 345-361.
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Summary

This chapter has described six techniques (payback, discounted payback, NPV, IRR,
MIRR, and PI) that are used in capital budgeting analysis. Each approach provides a
different piece of information, so in this age of computers, managers often look atall of
them when evaluating projects. However, NPV is the best single measure, and almost
all firms now use NPV. The key concepts covered in this chapter are listed below:

Capital budgeting is the process of analyzing potential projects. Capital budget-
ing decisions are probably the most important ones managers must make.

The payback period is defined as the number of years required to recover a proj-
ect’s cost. The regular payback method ignores cash flows beyond the payback
period, and it does not consider the time value of money. The payback does, how-
ever, provide an indication of a project’s risk and liquidity, because it shows how
long the invested capital will be “at risk.”

The discounted payback method is similar to the regular payback method except
that it discounts cash flows at the project’s cost of capital. It considers the time
value of money, but it ignores cash flows beyond the payback period.

The net present value (NPV) method discounts all cash flows at the project’s
cost of capital and then sums those cash flows. The project should be accepted if
the NPV is positive.

The internal rate of return (IRR) is defined as the discount rate that forces a
project’s NPV to equal zero. The project should be accepted if the IRR is greater
than the cost of capital.

The NPV and IRR methods make the same accept/reject decisions for indepen-
dent projects, but if projects are mutually exclusive, then ranking conflicts can
arise. If conflicts arise, the NPV method should be used. The NPV and IRR meth-
ods are both superior to the payback, but NPV is superior to IRR.

The NPV method assumes that cash flows will be reinvested at the firm’s cost of
capital, while the IRR method assumes reinvestment at the project’s IRR. Rein-
vestment at the cost of capital is generally a better assumption because it is
closer to reality.

The modified IRR (MIRR) method corrects some of the problems with the
regular IRR. MIRR involves finding the terminal value (TV) of the cash in-
flows, compounded at the firm’s cost of capital, and then determining the dis-
count rate that forces the present value of the TV to equal the present value of
the outflows.

The profitability index (PI) shows the dollars of present value divided by the ini-
tial cost, so it measures relative profitability.

Sophisticated managers consider all of the project evaluation measures because
each measure provides a useful piece of information.

The post-audit is a key element of capital budgeting. By comparing actual results
with predicted results and then determining why differences occurred, decision
makers can improve both their operations and their forecasts of projects’ outcomes.
Small firms tend to use the payback method rather than a discounted cash flow
method. This may be rational, because (1) the cost of conducting a DCF analysis
may outweigh the benefits for the project being considered, (2) the firm’s cost
of capital cannot be estimated accurately, or (3) the small-business owner may
be considering nonmonetary goals.

If mutually exclusive projects have unequal lives, it may be necessary to adjust the
analysis to put the projects on an equal life basis. This can be done using the re-
placement chain (common life) approach.
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e Aproject’s true value may be greater than the NPV based on its physical life if it can
be terminated at the end of its economic life.

e Flotation costs and increased riskiness associated with unusually large expansion
programs can cause the marginal cost of capital to rise as the size of the capital
budget increases.

e Capital rationing occurs when management places a constraint on the size of the
firm’s capital budget during a particular period.

Define each of the following terms:

. Capital budgeting; regular payback period; discounted payback period

. Independent projects; mutually exclusive projects

. DCF techniques; net present value (NPV) method; internal rate of return (IRR) method
. Modified internal rate of return (MIRR) method; profitability index

. NPV profile; crossover rate

. Nonnormal cash flow projects; normal cash flow projects; multiple IRRs

. Hurdle rate; reinvestment rate assumption; post-audit

. Replacement chain; economic life; capital rationing

50 om0 e TR

How is a project classification scheme (for example, replacement, expansion into new markets,
and so forth) used in the capital budgeting process?

Explain why the NPV of a relatively long-term project, defined as one for which a high per-
centage of its cash flows are expected in the distant future, is more sensitive to changes in the
cost of capital than is the NPV of a short-term project.

Explain why, if two mutually exclusive projects are being compared, the short-term project might
have the higher ranking under the NPV criterion if the cost of capital is high, but the long-term
project might be deemed better if the cost of capital is low. Would changes in the cost of capital
ever cause a change in the IRR ranking of two such projects?

In what sense is a reinvestment rate assumption embodied in the NPV, IRR, and MIRR meth-
ods? What is the assumed reinvestment rate of each method?

Suppose a firm is considering two mutually exclusive projects. One has a life of 6 years and the
other a life of 10 years. Would the failure to employ some type of replacement chain analysis
bias an NPV analysis against one of the projects? Explain.

Self-Test Problem (solution Appears in Appendix A)

ST-1

You are a financial analyst for the Hittle Company. The director of capital budgeting has asked

PROJECT ANALYSIS  you to analyze two proposed capital investments, Projects X and Y. Each project has a cost of

$10,000, and the cost of capital for each project is 12 percent. The projects’ expected net cash
flows are as follows:

Expected Net Cash Flows

Year Project X ProjectY
0 ($10,000) ($10,000)
1 6,500 3,500
2 3,000 3,500
3 3,000 3,500
4 1,000 3,500
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Problems

7-1
DECISION METHODS

7-2
NPV

7-3
NPVs, IRRs, AND MIRRs FOR
INDEPENDENT PROJECTS

7-4
NPVs AND IRRs FOR MUTUALLY
EXCLUSIVE PROJECTS

a. Calculate each project’s payback period, net present value (NPV), internal rate of return
(IRR), and modified internal rate of return (MIRR).

b. Which project or projects should be accepted if they are independent?

c. Which project should be accepted if they are mutually exclusive?

d. How might a change in the cost of capital produce a conflict between the NPV and IRR
rankings of these two projects? Would this conflict exist if r were 5%? (Hint: Plot the NPV
profiles.)

e. Why does the conflict exist?

Project K has a cost of $52,125, its expected net cash inflows are $12,000 per year for 8 years,
and its cost of capital is 12 percent. (Hint: Begin by constructing a time line.)

a. What is the project’s payback period (to the closest year)?

b. What is the project’s discounted payback period?

c. What is the project’s NPV?

d. What is the project’s IRR?

e. What is the project’s MIRR?

Your division is considering two investment projects, each of which requires an up-front expen-
diture of $15 million. You estimate that the investments will produce the following net cash
flows:

Year Project A Project B
1 $ 5,000,000 $20,000,000
2 10,000,000 10,000,000
3 20,000,000 6,000,000

What are the two projects’ net present values, assuming the cost of capital is 10 percent? 5 per-
cent? 15 percent?

Edelman Engineering is considering including two pieces of equipment, a truck and an over-
head pulley system, in this year’s capital budget. The projects are independent. The cash outlay
for the truck is $17,100, and that for the pulley system is $22,430. The firm’s cost of capital is 14
percent. After-tax cash flows, including depreciation, are as follows:

Year Truck Pulley
1 $5,100 $7,500
2 5,100 7,500
3 5,100 7,500
4 5,100 7,500
5 5,100 7,500

Calculate the IRR, the NPV, and the MIRR for each project, and indicate the correct
accept/reject decision for each.

B. Davis Industries must choose between a gas-powered and an electric-powered forklift truck
for moving materials in its factory. Since both forklifts perform the same function, the firm will
choose only one. (They are mutually exclusive investments.) The electric-powered truck will
cost more, but it will be less expensive to operate; it will cost $22,000, whereas the gas-powered
truck will cost $17,500. The cost of capital that applies to both investments is 12 percent. The
life for both types of truck is estimated to be 6 years, during which time the net cash flows for
the electric-powered truck will be $6,290 per year and those for the gas-powered truck will be
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$5,000 per year. Annual net cash flows include depreciation expenses. Calculate the NPV and
IRR for each type of truck, and decide which to recommend.

Project S has a cost of $10,000 and is expected to produce benefits (cash flows) of $3,000 per
year for 5 years. Project L costs $25,000 and is expected to produce cash flows of $7,400 per
year for 5 years. Calculate the two projects’ NPVs, IRRs, MIRRs, and PIs, assuming a cost of
capital of 12 percent. Which project would be selected, assuming they are mutually exclusive,
using each ranking method? Which should actually be selected?

Your company is considering two mutually exclusive projects, X and Y, whose costs and cash
flows are shown below:

Year X Y
0 ($1,000) ($1,000)
1 100 1,000
2 300 100
3 400 50
4 700 50

The projects are equally risky, and their cost of capital is 12 percent. You must make a recom-
mendation, and you must base it on the modified IRR (MIRR). What is the MIRR of the better

project?

After discovering a new gold vein in the Colorado mountains, CT'C Mining Corporation must

decide whether to mine the deposit. The most cost-effective method of mining gold is sulfuric

acid extraction, a process that results in environmental damage. To go ahead with the extraction,

CTC must spend $900,000 for new mining equipment and pay $165,000 for its installation.

The gold mined will net the firm an estimated $350,000 each year over the 5-year life of the

vein. CT'C’s cost of capital is 14 percent. For the purposes of this problem, assume that the cash

inflows occur at the end of the year.

a. What is the NPV and IRR of this project?

b. Should this project be undertaken, ignoring environmental concerns?

c. How should environmental effects be considered when evaluating this, or any other, project?
How might these effects change your decision in part b?

Cummings Products Company is considering two mutually exclusive investments. The projects’
expected net cash flows are as follows:

Expected Net Cash Flows

Year Project A Project B
0 ($300) ($405)
1 (387) 134
2 (193) 134
3 (100) 134
4 600 134
5 600 134
6 850 134
7 (180) 0

a. Construct NPV profiles for Projects A and B.
b. What is each project’s IRR?
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7-9
TIMING DIFFERENCES

7-10
SCALE DIFFERENCES

7-11
MULTIPLE RATES OF RETURN

7-12
PRESENT VALUE OF COSTS

c. If you were told that each project’s cost of capital was 10 percent, which project should be se-
lected? If the cost of capital was 17 percent, what would be the proper choice?

d. Whatis each project’s MIRR at a cost of capital of 10 percent? At 17%? (Hint: Consider Pe-
riod 7 as the end of Project B’ life.)

e. What is the crossover rate, and what is its significance?

The Ewert Exploration Company is considering two mutually exclusive plans for extracting oil
on property for which it has mineral rights. Both plans call for the expenditure of $10,000,000
to drill development wells. Under Plan A, all the oil will be extracted in 1 year, producing a cash
flow at t = 1 of $12,000,000, while under Plan B, cash flows will be $1,750,000 per year for 20
years.

a. What are the annual incremental cash flows that will be available to Ewert Exploration if it
undertakes Plan B rather than Plan A? (Hint: Subtract Plan A’s flows from B’.)

b. If the firm accepts Plan A, then invests the extra cash generated at the end of Year 1, what
rate of return (reinvestment rate) would cause the cash flows from reinvestment to equal the
cash flows from Plan B?

c. Suppose a company has a cost of capital of 10 percent. Is it logical to assume that it would
take on all available independent projects (of average risk) with returns greater than 10 per-
cent? Further, if all available projects with returns greater than 10 percent have been taken,
would this mean that cash flows from past investments would have an opportunity cost of
only 10 percent, because all the firm could do with these cash flows would be to replace
money that has a cost of 10 percent? Finally, does this imply that the cost of capital is the
correct rate to assume for the reinvestment of a project’s cash flows?

d. Construct NPV profiles for Plans A and B, identify each project’s IRR, and indicate the
crossover rate of return.

The Pinkerton Publishing Company is considering two mutually exclusive expansion plans.

Plan A calls for the expenditure of $50 million on a large-scale, integrated plant which will pro-

vide an expected cash flow stream of $8 million per year for 20 years. Plan B calls for the expen-

diture of $15 million to build a somewhat less efficient, more labor-intensive plant which has an

expected cash flow stream of $3.4 million per year for 20 years. The firm’s cost of capital is 10

percent.

a. Calculate each project’s NPV and IRR.

b. Set up a Project A by showing the cash flows that will exist if the firm goes with the large
plant rather than the smaller plant. What are the NPV and the IRR for this Project A?

c. Graph the NPV profiles for Plan A, Plan B, and Project A.

d. Give a logical explanation, based on reinvestment rates and opportunity costs, as to why the
NPV method is better than the IRR method when the firm’s cost of capital is constant at
some value such as 10 percent.

The Ulmer Uranium Company is deciding whether or not it should open a strip mine, the net

cost of which is $4.4 million. Net cash inflows are expected to be $27.7 million, all coming at

the end of Year 1. The land must be returned to its natural state at a cost of $25 million, payable

at the end of Year 2.

a. Plot the project’s NPV profile.

b. Should the project be accepted if r = 8%? If r = 14%? Explain your reasoning.

c. Can you think of some other capital budgeting situations where negative cash flows during
or at the end of the project’s life might lead to multiple IRRs?

d. What is the project’s MIRR at r = 8%? Atr = 14%? Does the MIRR method lead to the
same accept/reject decision as the NPV method?

The Aubey Coffee Company is evaluating the within-plant distribution system for its new roast-
ing, grinding, and packing plant. The two alternatives are (1) a conveyor system with a high ini-
tial cost, but low annual operating costs, and (2) several forklift trucks, which cost less, but have
considerably higher operating costs. The decision to construct the plant has already been made,
and the choice here will have no effect on the overall revenues of the project. The cost of capital
for the plant is 8 percent, and the projects’ expected net costs are listed in the table:
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Expected Net Cost

Year Conveyor Forklift
0 ($500,000) ($200,000)
1 (120,000) (160,000)
2 (120,000) (160,000)
3 (120,000) (160,000)
4 (120,000) (160,000)
5 (120,000) (160,000)

a. What is the IRR of each alternative?
b. What is the present value of costs of each alternative? Which method should be chosen?

Your division is considering two investment projects, each of which requires an up-front expen-
diture of $25 million. You estimate that the cost of capital is 10 percent and that the investments
will produce the following after-tax cash flows (in millions of dollars):

Year Project A Project B
1 5 20
2 10 10
3 15 8
4 20 6

. What is the regular payback period for each of the projects?

. What is the discounted payback period for each of the projects?

c. If the two projects are independent and the cost of capital is 10 percent, which project or
projects should the firm undertake?

d. If the two projects are mutually exclusive and the cost of capital is 5 percent, which project
should the firm undertake?

e. If the two projects are mutually exclusive and the cost of capital is 15 percent, which project
should the firm undertake?

f. What is the crossover rate?

g. If the cost of capital is 10 percent, what is the modified IRR (MIRR) of each project?

Toe

Shao Airlines is considering two alternative planes. Plane A has an expected life of 5 years, will
cost $100 million, and will produce net cash flows of $30 million per year. Plane B has a life of 10
years, will cost $132 million, and will produce net cash flows of $25 million per year. Shao plans to
serve the route for 10 years. Inflation in operating costs, airplane costs, and fares is expected to be
zero, and the company’s cost of capital is 12 percent. By how much would the value of the com-
pany increase if it accepted the better project (plane)?

The Perez Company has the opportunity to invest in one of two mutually exclusive machines
which will produce a product it will need for the foreseeable future. Machine A costs $10 million
but realizes after-tax inflows of $4 million per year for 4 years. After 4 years, the machine must be
replaced. Machine B costs $15 million and realizes after-tax inflows of $3.5 million per year for 8
years, after which it must be replaced. Assume that machine prices are not expected to rise be-
cause inflation will be offset by cheaper components used in the machines. If the cost of capital is
10 percent, which machine should the company use?

Filkins Fabric Company is considering the replacement of its old, fully depreciated knitting ma-
chine. Two new models are available: Machine 190-3, which has a cost of $190,000, a 3-year ex-
pected life, and after-tax cash flows (labor savings and depreciation) of $87,000 per year; and
Machine 360-6, which has a cost of $360,000, a 6-year life, and after-tax cash flows of $98,300
per year. Knitting machine prices are not expected to rise, because inflation will be offset by
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cheaper components (microprocessors) used in the machines. Assume that Filkins’ cost of capi-
tal is 14 percent. Should the firm replace its old knitting machine, and, if so, which new machine
should it use?

7-17  The Scampini Supplies Company recently purchased a new delivery truck. The new truck
ECONOMICLIFE  cost $22,500, and it is expected to generate net after-tax operating cash flows, including
depreciation, of $6,250 per year. The truck has a 5-year expected life. The expected salvage

values after tax adjustments for the truck are given below. The company’s cost of capital is 10

percent.
Year Annual Operating Cash Flow Salvage Value
0 ($22,500) $22,500
1 6,250 17,500
2 6,250 14,000
3 6,250 11,000
4 6,250 5,000
5 6,250 0

a. Should the firm operate the truck until the end of its 5-year physical life, or, if not, what is its
optimal economic life?

b. Would the introduction of salvage values, in addition to operating cash flows, ever reduce the
expected NPV and/or IRR of a project?

Spreadsheet Problem

7-18  Start with the partial model in the file Ch 07 P18 Build a Model.xIs from the textbook’s web
BUILD A MODEL: CAPITAL  sjte, Gardial Fisheries is considering two mutually exclusive investments. The projects’ ex-
BUDGETING TOOLS pected net cash flows are as follows:

“I'l‘a. -h.‘v
@ Expected Net Cash Flows

Year Project A Project B
0 ($375) ($405)
1 (387) 134
2 (193) 134
3 (100) 134
4 600 134
5 600 134
6 850 134
7 (180) 0

a. If you were told that each project’s cost of capital was 12 percent, which project should be
selected? If the cost of capital was 18 percent, what would be the proper choice?

. Construct NPV profiles for Projects A and B.

. What is each project’s IRR?

. What is the crossover rate, and what is its significance?

. What is each project’s MIRR at a cost of capital of 12 percent? Atr = 18%? (Hint: Consider
Period 7 as the end of Project B’ life.)

f. What is the regular payback period for these two projects?

g. At a cost of capital of 12 percent, what is the discounted payback period for these two

projects?

o0 T
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Assume that you recently went to work for Axis Components Company, a supplier of auto re-
pair parts used in the after-market with products from GM, Ford, and other auto makers. Your
boss, the chief financial officer (CFO), has just handed you the estimated cash flows for two pro-
posed projects. Project L involves adding a new item to the firm’s ignition system line; it would
take some time to build up the market for this product, so the cash inflows would increase over
time. Project S involves an add-on to an existing line, and its cash flows would decrease over
time. Both projects have 3-year lives, because Axis is planning to introduce entirely new models
after 3 years.
Here are the projects’ net cash flows (in thousands of dollars):

Expected Net Cash Flow

Year Project L Project S
0 ($100) ($100)
1 10 70
2 60 50
3 80 20

Depreciation, salvage values, net working capital requirements, and tax effects are all included
in these cash flows.

The CFO also made subjective risk assessments of each project, and he concluded that both
projects have risk characteristics which are similar to the firm’s average project. Axis’s weighted
average cost of capital is 10 percent. You must now determine whether one or both of the proj-
ects should be accepted.

a. What is capital budgeting?
b. What is the difference between independent and mutually exclusive projects?
c. (1) What is the payback period? Find the paybacks for Projects L and S.

(2) What is the rationale for the payback method? According to the payback criterion,
which project or projects should be accepted if the firm’s maximum acceptable payback
is 2 years, and if Projects L and S are independent? If they are mutually exclusive?

(3) What is the difference between the regular and discounted payback periods?

(4) What is the main disadvantage of discounted payback? Is the payback method of any real
usefulness in capital budgeting decisions?

d. (1) Define the term net present value (NPV). What is each project’s NPV?

(2) What is the rationale behind the NPV method? According to NPV, which project or
projects should be accepted if they are independent? Mutually exclusive?

(3) Would the NPVs change if the cost of capital changed?

e. (1) Define the term internal rate of return (IRR). What is each project’s IRR?

(2) How is the IRR on a project related to the YT'M on a bond?

(3) What is the logic behind the IRR method? According to IRR, which projects should be
accepted if they are independent? Mutually exclusive?

(4) Would the projects’ IRRs change if the cost of capital changed?

f. (1) Draw NPV profiles for Projects L and S. At what discount rate do the profiles cross?

(2) Look at your NPV profile graph without referring to the actual NPVs and IRRs. Which
project or projects should be accepted if they are independent? Mutually exclusive?
Explain. Are your answers correct at any cost of capital less than 23.6 percent?

g. (1) What s the underlying cause of ranking conflicts between NPV and IRR?

(2) Whatis the “reinvestment rate assumption,” and how does it affect the NPV versus IRR
conflict?

(3) Which method is the best? Why?

h. (1) Define the term modified IRR (MIRR). Find the MIRRs for Projects L and S.

(2) What are the MIRR’s advantages and disadvantages vis-a-vis the regular IRR? What are
the MIRR’s advantages and disadvantages vis-a-vis the NPV?

8 As a separate project (Project P), the firm is considering sponsoring a pavilion at the up-
coming World’s Fair. The pavilion would cost $800,000, and it is expected to result in $5
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million of incremental cash inflows during its 1 year of operation. However, it would then
take another year, and $5 million of costs, to demolish the site and return it to its original
condition. Thus, Project P’s expected net cash flows look like this (in millions of dollars):

Year Net Cash Flows
0 ($0.8)
1 5.0
2 (5.0)

The project is estimated to be of average risk, so its cost of capital is 10 percent.

(1) What are normal and nonnormal cash flows?

(2) What is Project P’s NPV? What is its IRR? Its MIRR?

(3) Draw Project P’s NPV profile. Does Project P have normal or nonnormal cash flows?
Should this project be accepted?

j. In an unrelated analysis, Axis must choose between the following two mutually exclusive

projects:

Expected Net Cash Flow

Year Project S Project L
0 ($100,000) ($100,000)
1 60,000 33,500
2 60,000 33,500
3 — 33,500
4 — 33,500

The projects provide a necessary service, so whichever one is selected is expected to be re-

peated into the foreseeable future. Both projects have a 10 percent cost of capital.

(1) What is each project’s initial NPV without replication?

(2) Now apply the replacement chain approach to determine the projects’ extended NPVs.
Which project should be chosen?

(3) Now assume that the cost to replicate Project S in 2 years will increase to $105,000 be-
cause of inflationary pressures. How should the analysis be handled now, and which proj-
ect should be chosen?

. Axis is also considering another project which has a physical life of 3 years; that is, the

machinery will be totally worn out after 3 years. However, if the project were terminated
prior to the end of 3 years, the machinery would have a positive salvage value. Here are the
project’s estimated cash flows:

Initial Investment End-of-Year

and Operating Net Salvage
Year Cash Flows Value
0 ($5,000) $5,000
1 2,100 3,100
2 2,000 2,000
3 1,750 0

Using the 10 percent cost of capital, what is the project’s NPV if it is operated for the full 3
years? Would the NPV change if the company planned to terminate the project at the end of
Year 2? At the end of Year 1? What is the project’s optimal (economic) life?

. After examining all the potential projects, the CFO discovers that there are many more

projects this year with positive NPVs than in a normal year. What two problems might this
extra large capital budget cause?
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Cash Flow Estimation
and Risk Analysis

Home Depot Inc. grew phenomenally during the 1990s, and it shows no sign of
slowing down. At the beginning of 1990, it had 118 stores and annual sales of $2.8 bil-
lion. By the end of 1999, it had more than 900 stores, and its sales were $37 billion.
The company continues to open stores at a rate of about two per week, and it opened
another 200 stores in fiscal 2001. The stock has more than matched the sales
growth—a $10,000 investment in 1990 would now be worth about $220,000!

It costs Home Depot, on average, $16 million to purchase land, construct a new
store, and stock it with inventory. (The inventory costs about $5 million, but about $2
million of this is financed through accounts payable.) Each new store thus represents a
major capital expenditure, so the company must use capital budgeting techniques to
determine if a potential store’s expected cash flows are sufficient to cover its costs.

Home Depot uses information from its existing stores to forecast new stores’ ex-
pected cash flows. Thus far, its forecasts have been outstanding, but there are always
risks that must be considered. First, sales might be less than projected if the economy
weakens. Second, some of Home Depot's customers might in the future bypass it al-
together and buy directly from manufacturers through the Internet. Third, new stores
could “cannibalize,” that is, take sales away from, existing stores. This last point was
made in the July 16, 1999, issue of Value Line:

The retailer has picked the “low-hanging fruit;” it has already entered the most at-
tractive markets. To avoid “cannibalization”—which occurs when duplicative stores
are located too closely together—the company is developing complementary for-
mats. For example, Home Depot is beginning to roll out its Expo Design Center
chain, which offers one-stop sales and service for kitchen and bath and other re-
modeling and renovation work . . .

The decision to expand requires a detailed assessment of the forecasted
cash flows, including the risk that the forecasted level of sales might not be real-
ized. In this chapter, we describe techniques for estimating a project’s cash flows
and their associated risk. Companies such as Home Depot use these techniques
on a regular basis to evaluate capital budgeting decisions.
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T'he basic principles of capital budgeting were covered in Chapter 7. Given a proj-
ect’s expected cash flows, it is easy to calculate its payback, discounted payback,
NPV, IRR, MIRR, and PI. Unfortunately, cash flows are rarely just given—rather,
managers must estimate them based on information collected from sources both in-
side and outside the company. Moreover, uncertainty surrounds the cash flow esti-
mates, and some projects are riskier than others. In the first part of the chapter, we
develop procedures for estimating the cash flows associated with capital budgeting
projects. Then, in the second part, we discuss techniques used to measure and take
account of project risk.

Estimating Cash Flows

The textbook’s web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 08
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

Self-Test
Questions

The most important, but also the most difficult, step in capital budgeting is estimating
projects’ cash flows—the investment outlays and the annual net cash flows after a
project goes into operation. Many variables are involved, and many individuals and
departments participate in the process. For example, the forecasts of unit sales and
sales prices are normally made by the marketing group, based on their knowledge of
price elasticity, advertising effects, the state of the economy, competitors’ reactions,
and trends in consumers’ tastes. Similarly, the capital outlays associated with a new
product are generally obtained from the engineering and product development staffs,
while operating costs are estimated by cost accountants, production experts, personnel
specialists, purchasing agents, and so forth.

It is difficult to forecast the costs and revenues associated with a large, complex
project, so forecast errors can be quite large. For example, when several major oil
companies decided to build the Alaska Pipeline, the original cost estimates were in the
neighborhood of $700 million, but the final cost was closer to $7 billion. Similar (or
even worse) miscalculations are common in forecasts of product design costs, such as
the costs to develop a new personal computer. Further, as difficult as plant and equip-
ment costs are to estimate, sales revenues and operating costs over the project’s life are
even more uncertain. Just ask Polaroid, which recently filed for bankruptcy, or any of
the now-defunct dot-com companies.

A proper analysis includes (1) obtaining information from various departments
such as engineering and marketing, (2) ensuring that everyone involved with the fore-
cast uses a consistent set of economic assumptions, and (3) making sure that no biases
are inherent in the forecasts. This last point is extremely important, because some
managers become emotionally involved with pet projects, and others seek to build em-
pires. Both problems cause cash flow forecast biases which make bad projects look
good—on paper.

It is almost impossible to overstate the problems one can encounter in cash flow
forecasts. It is also difficult to overstate the importance of these forecasts. Still, ob-
serving the principles discussed in the next several sections will help minimize fore-
casting errors.

What is the most important step in a capital budgeting analysis?
What departments are involved in estimating a project’s cash flows?

What steps does a proper analysis include?
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Identifying the Relevant Cash Flows

The first step in capital budgeting is to identify the relevant cash flows, defined as
the specific set of cash flows that should be considered in the decision at hand. Ana-
lysts often make errors in estimating cash flows, but two cardinal rules can help you
minimize mistakes: (1) Capital budgeting decisions must be based on cash flows, not ac-
counting income. (2) Only incremental cash flows are relevant.

Free cash flow is the cash flow available for distribution to investors. In a nutshell,
the relevant cash flow for a project is the additional free cash flow that the company can
expect if it implements the project. It is the cash flow above and beyond what the com-
pany could expect if it doesn’t implement the project. The following sections discuss
the relevant cash flows in more detail.

Project Cash Flow versus Accounting Income

Free cash flow is calculated as follows:'

Net operating Change in net

.. Gross fixed asset ,
Free cash flow = profit after taxes + Depreciation — = operating

(NOPAT) expenditures
= EBIT(1 —T) + Depreciation —

working capital
Gross fixed asset | A Operating current assets —
expenditures A Operating current liabilities |’

Just as a firm’s value depends on its free cash flows, so does the value of a project. We
illustrate the estimation of project cash flow later in the chapter with a comprehensive
example, but it is important for you to understand that project cash flow differs from
accounting income.

Costs of Fixed Assets Most projects require assets, and asset purchases represent
negative cash flows. Even though the acquisition of assets results in a cash outflow, ac-
countants do not show the purchase of fixed assets as a deduction from accounting in-
come. Instead, they deduct a depreciation expense each year throughout the life of the
asset.

Note that the full cost of fixed assets includes any shipping and installation
costs. When a firm acquires fixed assets, it often must incur substantial costs for
shipping and installing the equipment. These charges are added to the price of the
equipment when the project’s cost is being determined. Then, the full cost of the
equipment, including shipping and installation costs, is used as the depreciable
basis when depreciation charges are being calculated. For example, if a company
bought a computer with an invoice price of $100,000 and paid another $10,000 for
shipping and installation, then the full cost of the computer (and its depreciable
basis) would be $110,000. Note too that fixed assets can often be sold at the end
of a project’s life. If this is the case, then the after-tax cash proceeds represent a
positive cash flow. We will illustrate both depreciation and cash flow from asset
sales later in the chapter.

!Chapter 9 explains the calculation of free cash flow. Note that EBIT stands for earnings before interest and
taxes, and it is also called pre-tax operating profit.
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Noncash Charges In calculating net income, accountants usually subtract depreci-
ation from revenues. So, while accountants do not subtract the purchase price of fixed
assets when calculating accounting income, they do subtract a charge each year for de-
preciation. Depreciation shelters income from taxation, and this has an impact on cash
flow, but depreciation itself is not a cash flow. Therefore, depreciation must be added
to NOPAT when estimating a project’s cash flow.

Changes in Net Operating Working Capital Normally, additional inventories
are required to support a new operation, and expanded sales tie up additional funds in
accounts receivable. However, payables and accruals increase as a result of the expan-
sion, and this reduces the cash needed to finance inventories and receivables. The dif-
ference between the required increase in operating current assets and the increase in
operating current liabilities is the change in net operating working capital. If this
change is positive, as it generally is for expansion projects, then additional financing,
over and above the cost of the fixed assets, will be needed.

Toward the end of a project’s life, inventories will be used but not replaced, and re-
ceivables will be collected without corresponding replacements. As these changes oc-
cur, the firm will receive cash inflows, and as a result, the investment in net operating
working capital will be returned by the end of the project’s life.

Interest Expenses Are Not Included in Project Cash Flows Recall from Chap-
ter 7 that we discount a project’s cash flows by its cost of capital, and that the cost of
capital is a weighted average (WACC) of the costs of debt, preferred stock, and com-
mon equity, adjusted for the project’s risk. Moreover, the WACC is the rate of return
necessary to satisfy all of the firm’s investors—debtholders and stockholders. In other
words, the project generates cash flows that are available for all investors, and we find
the value of the project by discounting those cash flows at the average rate required by
all investors. Therefore, we do not subtract interest when estimating a project’s cash
flows.

If you did not take our advice and instead were to subtract interest (or interest plus
principal payments), then you would be calculating the cash flows available only for
equity investors, which should be discounted at the rate of return required by equity
investors. One problem with this approach, though, is that you must adjust the
amount of debt each year by exactly the right amount. If you were extremely careful
doing this, then you should get the correct result. However, this is a very complicated
process, and we do not recommend that you try it. Here is one final caution: If you did
subtract interest, you would definitely be wrong to discount that cash flow, which is
available only for equity holders, at the project’s WACC, since the project’s WACC is
the average rate expected by all investors, not just the equity investors.

Note that this differs from the procedures used to calculate accounting income.
Accountants measure the profit available for stockholders, so interest expenses are
subtracted. However, project cash flow is the cash flow available for all investors,
bondholders as well as stockholders, so interest expenses are not subtracted. This is
completely analogous to the procedures used in the corporate valuation model of
Chapter 12, where the company’s free cash flows are discounted at the WACC. There-
fore, you should not subtract interest expenses when finding a project’s cash flows.

Incremental Cash Flows

In evaluating a project, we focus on those cash flows that occur if and only if we accept
the project. These cash flows, called incremental cash flows, represent the change in
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the firm’s total cash flow that occurs as a direct result of accepting the project. Three
special problems in determining incremental cash flows are discussed next.

Sunk Costs A sunk cost is an outlay that has already occurred, hence is not affected
by the decision under consideration. Since sunk costs are not incremental costs, they
should not be included in the analysis. "To illustrate, in 2002, Northeast BankCorp was
considering the establishment of a branch office in a newly developed section of
Boston. To help with its evaluation, Northeast had, back in 2001, hired a consulting
firm to perform a site analysis; the cost was $100,000, and this amount was expensed
for tax purposes in 2001. Is this 2001 expenditure a relevant cost with respect to the
2002 capital budgeting decision? The answer is no—the $100,000 is a sunk cost, and it
will not affect Northeast’s future cash flows regardless of whether or not the new
branch is built. It often turns out that a particular project has a negative NPV if all the
associated costs, including sunk costs, are considered. However, on an incremental ba-
sis, the project may be a good one because the future incremental cash flows are large
enough to produce a positive NPV on the incremental investment.

Opportunity Costs A second potential problem relates to opportunity costs, which
are cash flows that could be generated from an asset the firm already owns provided itis
not used for the project in question. 'To illustrate, Northeast BankCorp already owns a
piece of land that is suitable for the branch location. When evaluating the prospective
branch, should the cost of the land be disregarded because no additional cash outlay
would be required? The answer is no, because there is an opportunity cost inherent in the
use of the property. In this case, the land could be sold to yield $150,000 after taxes. Use
of the site for the branch would require forgoing this inflow, so the $150,000 must be
charged as an opportunity cost against the project. Note that the proper land cost in this
example is the $150,000 market-determined value, irrespective of whether Northeast
originally paid $50,000 or $500,000 for the property. (What Northeast paid would, of
course, have an effect on taxes, hence on the after-tax opportunity cost.)

Effects on Other Parts of the Firm: Externalities The third potential problem in-
volves the effects of a project on other parts of the firm, which economists call exter-
nalities. For example, some of Northeast’s customers who would use the new branch
are already banking with Northeast’s downtown office. The loans and deposits, hence
profits, generated by these customers would not be new to the bank; rather, they would
represent a transfer from the main office to the branch. Thus, the net income produced
by these customers should not be treated as incremental income in the capital budget-
ing decision. On the other hand, having a suburban branch would help the bank attract
new business to its downtown office, because some people like to be able to bank both
close to home and close to work. In this case, the additional income that would actually
flow to the downtown office should be attributed to the branch. Although they are of-
ten difficult to quantify, externalities (which can be either positive or negative) should be
considered.

When a new project takes sales from an existing product, this is often called can-
nibalization. Naturally, firms do not like to cannibalize their existing products, but it
often turns out that if they do not, someone else will. To illustrate, IBM for years re-
fused to provide full support for its PC division because it did not want to steal sales
from its highly profitable mainframe business. That turned out to be a huge strategic
error, because it allowed Intel, Microsoft, Dell, and others to become dominant forces
in the computer industry. Therefore, when considering externalities, the full implica-
tions of the proposed new project should be taken into account.
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A few young firms, including Dell Computer, have been successful selling their
products only over the Internet. Many firms, however, had established retail channels
long before the Internet became a reality. For these firms, the decision to begin selling
directly to consumers over the Internet is not a simple one. For example, Nautica En-
terprises Inc. is an international company that designs, sources, markets, and distrib-
utes sportswear. Nautica sells its products to traditional retailers such as Saks Fifth Av-
enue and Parisian, who then sell to consumers. If Nautica opens its own online
Internet store, it could potentially increase its profit margin by avoiding the substan-
tial markup added by dealers. However, Internet sales would probably cannibalize
sales through its retailer network. Even worse, retailers might react adversely to Nau-
tica’s Internet sales by redirecting the marketing effort and display space they now
provide Nautica to other brands that do not compete over the Internet. Nautica, and
many other producers, must determine whether the new profits from Internet sales
will compensate for lost profits from existing channels. Thus far, Nautica has decided
to stay with its traditional retailers.

Rather than focusing narrowly on the project at hand, analysts must anticipate the
project’s impact on the rest of the firm, which requires imagination and creative think-
ing. As the IBM and Nautica examples illustrate, it is critical to identify and account
for all externalities when evaluating a proposed project.

Timing of Cash Flow

We must account properly for the timing of cash flows. Accounting income state-
ments are for periods such as years or months, so they do not reflect exactly when dur-
ing the period cash revenues or expenses occur. Because of the time value of money,
capital budgeting cash flows should in theory be analyzed exactly as they occur. Of
course, there must be a compromise between accuracy and feasibility. A time line with
daily cash flows would in theory be most accurate, but daily cash flow estimates would
be costly to construct, unwieldy to use, and probably no more accurate than annual
cash flow estimates because we simply cannot forecast well enough to warrant this de-
gree of detail. Therefore, in most cases, we simply assume that all cash flows occur at
the end of every year. However, for some projects, it may be useful to assume that cash
flows occur at mid-year, or even quarterly or monthly.

Why should companies use project cash flow rather than accounting income
Self-Test Y o Prel J

when finding the NPV of a project?

Questions How do shipping and installation costs affect the depreciable basis?

What is the most common noncash charge that must be added back when find-
ing project cash flows?

What is net operating working capital, and how does it affect a project’s costs in
capital budgeting?

Explain the following terms: incremental cash flow, sunk cost, opportunity cost,
externality, and cannibalization.

Tax Effects

"Taxes have a major effect on cash flows, and in many cases tax effects will make or
break a project. Therefore, it is critical that taxes be dealt with correctly. Our tax laws
are extremely complex, and they are subject to interpretation and to change. You can
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get assistance from your firm’s accountants and tax lawyers, but even so, you should
have a working knowledge of the current tax laws and their effects on cash flows.

An Overview of Depreciation

Suppose a firm buys a milling machine for $100,000 and uses it for five years, after
which it is scrapped. The cost of the goods produced by the machine must include a
charge for the machine, and this charge is called depreciation. In the following sec-
tions, we review some of the depreciation concepts covered in accounting courses.

Companies often calculate depreciation one way when figuring taxes and another
way when reporting income to investors: many use the straight-line method for
stockholder reporting (or “book” purposes), but they use the fastest rate permitted by
law for tax purposes. Under the straight-line method used for stockholder reporting,
one normally takes the cost of the asset, subtracts its estimated salvage value, and
divides the net amount by the asset’s useful economic life. For an asset with a 5-year
life, which costs $100,000 and has a $12,500 salvage value, the annual straight-line
depreciation charge is ($100,000 — $12,500)/5 = $17,500. Note, however, as we
discuss later, that salvage value is not considered for tax depreciation purposes.

For tax purposes, Congress changes the permissible tax depreciation methods
from time to time. Prior to 1954, the straight-line method was required for tax pur-
poses, but in 1954 accelerated methods (double-declining balance and sum-of-years’-
digits) were permitted. Then, in 1981, the old accelerated methods were replaced by a
simpler procedure known as the Accelerated Cost Recovery System (ACRS). The
ACRS system was changed again in 1986 as a part of the Tax Reform Act, and it is now
known as the Modified Accelerated Cost Recovery System (MACRS); a 1993 tax
law made further changes in this area.

Note that U.S. tax laws are very complicated, and in this text we can only provide
an overview of MACRS designed to give you a basic understanding of the impact of de-
preciation on capital budgeting decisions. Further, the tax laws change so often that the
numbers we present may be outdated before the book is even published. Thus, when
dealing with tax depreciation in real-world situations, current Internal Revenue Ser-
vice (IRS) publications or individuals with expertise in tax matters should be consulted.

Tax Depreciation Life

For tax purposes, the entire cost of an asset is expensed over its depreciable life. His-
torically, an asset’s depreciable life was set equal to its estimated useful economic life;
it was intended that an asset would be fully depreciated at approximately the same
time that it reached the end of its useful economic life. However, MACRS totally
abandoned that practice and set simple guidelines that created several classes of
assets, each with a more-or-less arbitrarily prescribed life called a recovery period or
class life. The MACRS class lives bear only a rough relationship to assets’ expected use-
ful economic lives.

A major effect of the MACRS system has been to shorten the depreciable lives
of assets, thus giving businesses larger tax deductions early in the assets’ lives,
thereby increasing the present value of the cash flows. Table 8-1 describes the types
of property that fit into the different class life groups, and Table 8-2 sets forth the
MACRS recovery allowance percentages (depreciation rates) for selected classes of
investment property.

Consider Table 8-1, which gives the MACRS class life and the types of assets that
fall into each category. Property in the 27.5- and 39-year categories (real estate) must
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TABLE 8-1 Major Classes and Asset Lives for MACRS

Class Type of Property

3-year Certain special manufacturing tools

5-year Automobiles, light-duty trucks, computers, and certain special manufacturing
equipment

7-year Most industrial equipment, office furniture, and fixtures

10-year Certain longer-lived types of equipment

27.5-year Residential rental real property such as apartment buildings

39-year All nonresidential real property, including commercial and industrial buildings

TABLE 8-2 Recovery Allowance Percentage for Personal Property

Class of Investment

Ownership
Year 3-Year 5-Year 7-Year 10-Year
1 33% 20% 14% 10%
2 45 32 25 18
3 15 19 17 14
4 7 12 13 12
5 11 9 9
6 6 9 7
7 9 7
8 4 7
9 7
10 6
11 3
100% 100% 100% 100%
Notes:

a. We developed these recovery allowance percentages based on the 200 percent declining balance method pre-
scribed by MACRS, with a switch to straight-line depreciation at some point in the asset’s life. For example, con-
sider the 5-year recovery allowance percentages. The straight line percentage would be 20 percent per year, so
the 200 percent declining balance multiplier is 2.0(20%) = 40% = 0.4. However, because the half-year conven-
tion applies, the MACRS percentage for Year 1 is 20 percent. For Year 2, there is 80 percent of the depreciable
basis remaining to be depreciated, so the recovery allowance percentage is 0.40(80%) = 32%. In Year 3, 20% +
32% = 52% of the depreciation has been taken, leaving 48%, so the percentage is 0.4(48%) = 19%. In Year 4,
the percentage is 0.4(29%) = 12%. After 4 years, straight-line depreciation exceeds the declining balance de-
preciation, so a switch is made to straight-line (this is permitted under the law). However, the half-year conven-
tion must also be applied at the end of the class life, and the remaining 17 percent of depreciation must be
taken (amortized) over 1.5 years. Thus, the percentage in Year 5 is 17%/1.5 = 11%, and in Year 6, 17% — 11% =
6%. Although the tax tables carry the allowance percentages out to two decimal places, we have rounded to the
nearest whole number for ease of illustration.

b. Residential rental property (apartments) is depreciated over a 27.5-year life, whereas commercial and industrial
structures are depreciated over 39 years. In both cases, straight-line depreciation must be used. The deprecia-
tion allowance for the first year is based, pro rata, on the month the asset was placed in service, with the remain-
der of the first year's depreciation being taken in the 28th or 40th year. A half-month convention is assumed;
that is, an asset placed in service in February would receive 10.5 months of depreciation in the first year.
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be depreciated by the straight-line method, but 3-, 5-, 7-, and 10-year property (per-
sonal property) can be depreciated either by the accelerated method set forth in Table
8-2 or by the straight-line method.”

As we saw earlier in the chapter, higher depreciation expenses result in lower taxes
in the early years, hence a higher present value of cash flows. Therefore, since a firm
has the choice of using straight-line rates or the accelerated rates shown in Table 8-2,
most elect to use the accelerated rates.

The yearly recovery allowance, or depreciation expense, is determined by multi-
plying each asset’s depreciable basis by the applicable recovery percentage shown in
"Table 8-2. Calculations are discussed in the following sections.

Half-Year Convention Under MACRS, the assumption is generally made that
property is placed in service in the middle of the first year. Thus, for 3-year class life
property, the recovery period begins in the middle of the year the asset is placed in ser-
vice and ends three years later. The effect of the half-year convention is to extend the re-
covery period out one more year, so 3-year class life property is depreciated over four
calendar years, 5-year property is depreciated over six calendar years, and so on. This
convention is incorporated into Table 8-2% recovery allowance percentages.’

Depreciable Basis 'The depreciable basis is a critical element of MACRS because
each year’s allowance (depreciation expense) depends jointly on the asset’s depreciable
basis and its MACRS class life. The depreciable basis under MACRS is equal to the
purchase price of the asset plus any shipping and installation costs. The basis is 7ot ad-
justed for salvage value (which is the estimated market value of the asset at the end of
its useful life) regardless of whether accelerated or straight-line depreciation is taken.

Sale of a Depreciable Asset If a depreciable asset is sold, the sale price (actual
salvage value) minus the then-existing undepreciated book value is added to operating
income and taxed at the firm’s marginal tax rate. For example, suppose a firm buys a
5-year class life asset for $100,000 and sells it at the end of the fourth year for $25,000.
The asset’s book value is equal to $100,000(0.11 + 0.06) = $100,000(0.17) = $17,000.
Therefore, $25,000 — $17,000 = $8,000 is added to the firm’s operating income and
is taxed.

Depreciation lllustration Assume that Stango Food Products buys a $150,000 ma-
chine that falls into the MACRS 5-year class life and places it into service on March
15, 2003. Stango must pay an additional $30,000 for delivery and installation. Salvage
value is not considered, so the machine’s depreciable basis is $180,000. (Delivery and
installation charges are included in the depreciable basis rather than expensed in
the year incurred.) Each year’s recovery allowance (tax depreciation expense) is

?As a benefit to very small companies, the Tax Code also permits companies to expense, which is equivalent
to depreciating over one year, up to $24,000 of equipment for 2001; see IRS Publication 946 for details.
Thus, if a small company bought one asset worth up to $24,000, it could write the asset off in the year it was
acquired. This is called “Section 179 expensing.” We shall disregard this provision throughout the book.
*The half-year convention also applies if the straight-line alternative is used, with half of one year’s depre-
ciation taken in the first year, a full year’s depreciation taken in each of the remaining years of the asset’s
class life, and the remaining half-year’s depreciation taken in the year following the end of the class life. You
should recognize that virtually all companies have computerized depreciation systems. Each asset’s depreci-
ation pattern is programmed into the system at the time of its acquisition, and the computer aggregates the
depreciation allowances for all assets when the accountants close the books and prepare financial statements
and tax returns.
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Self-Test
Questions

determined by multiplying the depreciable basis by the applicable recovery allowance
percentage. Thus, the depreciation expense for 2003 is 0.20($180,000) = $36,000, and
for 2004 it is 0.32($180,000) = $57,600. Similarly, the depreciation expense is $34,200
for 2005, $21,600 for 2006, $19,800 for 2007, and $10,800 for 2008. The total depre-
ciation expense over the six-year recovery period is $180,000, which is equal to the de-
preciable basis of the machine.

As noted above, most firms use straight-line depreciation for stockholder report-
ing purposes but MACRS for tax purposes. In this case, for capital budgeting purposes
MACRS should be used. In capital budgeting, we are concerned with cash flows, not re-
ported income. Since MACRS depreciation is used for taxes, this type of depreciation
must be used to determine the taxes that will be assessed against a particular project.
Only if the depreciation method used for tax purposes is also used for capital budget-
ing analysis will we obtain an accurate cash flow estimate.

What do the acronyms ACRS and MACRS stand for?
Briefly describe the tax depreciation system under MACRS.
How does the sale of a depreciable asset affect a firm’s cash flows?

Evaluating Capital Budgeting Projects

For more discussion on re-
placement analysis deci-
sions, refer to the Chapter 8
Web Extension on the

web site, http://ehrhardt.
swcollege.com. Also, the
file Ch 08 Tool Kit.xls, pro-
vides an example of re-
placement analysis.

Up to now, we have discussed several important aspects of cash flow analysis, but we
have not seen how they affect capital budgeting decisions. Conceptually, capital bud-
geting is straightforward: A potential project creates value for the firm’s shareholders
if and only if the net present value of the incremental cash flows from the project is
positive. In practice, however, estimating these cash flows can be difficult.

Incremental cash flows are affected by whether the project is an expansion project
or replacement project. A new expansion project is defined as one where the firm
invests in new assets to increase sales. Here the incremental cash flows are simply the
project’s cash inflows and outflows. In effect, the company is comparing what its value
would be with and without the proposed project. By contrast, a replacement project
occurs when the firm replaces an existing asset with a new one. In this case, the
incremental cash flows are the firm’s additional inflows and outflows that result from
investing in the new project. In a replacement analysis, the company is comparing
its value if it takes on the new project to its value if it continues to use the existing
asset.

Despite these differences, the basic principles for evaluating expansion and re-
placement projects are the same. In each case, the cash flows typically include the
following items:

1. Initial investment outlay. This includes the cost of the fixed assets associated with
the project plus any initial investment in net operating working capital NOWCQ),
such as raw materials.

2. Annual project cash flow. The operating cash flow is the net operating profit af-
ter taxes (NOPAT) plus depreciation. Recall (a) that depreciation is added back be-
cause it is a noncash expense and (b) that financing costs (including interest ex-
penses) are not subtracted because they are accounted for when the cash flow is
discounted at the cost of capital. In addition, many projects have levels of NOWC
that change during the project’s life. For example, as sales increase, more NOWC
is required, and as sales fall, less NOWC is needed. The cash flows associated with
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annual increases or reductions in NOWC must be included when calculating the
project’s annual cash flow.

3. Terminal year cash flow. At the end of the project’s life, some extra cash flow is
usually generated from the salvage value of the fixed assets, adjusted for taxes if the
assets are not sold at their book value. Any return of net operating working capital
not already accounted for in the annual cash flow must also be added to the termi-
nal year cash flow.

The classification of cash flows isn’t always as distinct as we have indicated. For ex-
ample, in some projects the acquisition of fixed assets is phased in throughout the
project’s life, and for other projects some fixed assets are sold off at times other than
the terminal year. The important thing to remember is to include all cash flows in
your analysis, no matter how you classify them.

For each year of the project’s life, the net cash flow is determined as the sum of the
cash flows from each of the categories. These annual net cash flows are then plotted
on a time line and used to calculate the project’s NPV and IRR.

We will illustrate the principles of capital budgeting analysis by examining a new
project being considered by Regency Integrated Chips (RIC), a large Nashville-based
technology company. RIC’ research and development department has been applying
its expertise in microprocessor technology to develop a small computer designed to
control home appliances. Once programmed, the computer will automatically control
the heating and air-conditioning systems, security system, hot water heater, and even
small appliances such as a coffee maker. By increasing a home’ energy efficiency, the
computer can cut costs enough to pay for itself within a few years. Developments have
now reached the stage where a decision must be made about whether or not to go for-
ward with full-scale production.

RIC’s marketing vice-president believes that annual sales would be 20,000 units if
the units were priced at $3,000 each, so annual sales are estimated at $60 million. RIC
expects no growth in sales, and it believes that the unit price will rise by 2 percent each
year. The engineering department has reported that the project will require additional
manufacturing space, and RIC currently has an option to purchase an existing build-
ing, at a cost of $12 million, which would meet this need. The building would be
bought and paid for on December 31, 2003, and for depreciation purposes it would
fall into the MACRS 39-year class.

The necessary equipment would be purchased and installed in late 2003, and it
would also be paid for on December 31, 2003. The equipment would fall into the
MACRS 5-year class, and it would cost $8 million, including transportation and in-
stallation.

The project’s estimated economic life is four years. At the end of that time, the
building is expected to have a market value of $7.5 million and a book value of $10.908
million, whereas the equipment would have a market value of $2 million and a book
value of $1.36 million.

The production department has estimated that variable manufacturing costs
would be $2,100 per unit, and that fixed overhead costs, excluding depreciation, would
be $8 million a year. They expect variable costs to rise by 2 percent per year, and fixed
costs to rise by 1 percent per year. Depreciation expenses would be determined in ac-
cordance with MACRS rates.

RIC’s marginal federal-plus-state tax rate is 40 percent; its cost of capital is 12 per-
cent; and, for capital budgeting purposes, the company’s policy is to assume that oper-
ating cash flows occur at the end of each year. Because the plant would begin operations
on January 1, 2004, the first operating cash flows would occur on December 31, 2004.
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See Ch 08 Tool Kit.xls for
Table 8-3 details.

Several other points should be noted: (1) RIC is a relatively large corporation, with
sales of more than $4 billion, and it takes on many investments each year. Thus, if the
computer control project does not work out, it will not bankrupt the company—
management can afford to take a chance on the computer control project. (2) If the
project is accepted, the company will be contractually obligated to operate it for its full
four-year life. Management must make this commitment to its component suppliers.
(3) Returns on this project would be positively correlated with returns on RIC’s other
projects and also with the stock market—the project should do well if other parts of
the firm and the general economy are strong.

Assume that you have been assigned to conduct the capital budgeting analysis. For
now, assume that the project has the same risk as an average project, and use the cor-
porate weighted average cost of capital, 12 percent.

Analysis of the Cash Flows

Capital projects can be analyzed using a calculator, paper, and a pencil, or with a
spreadsheet program such as Excel. Either way, you must set the analysis up as shown
in Table 8-3 and go through the steps outlined in Parts 1 through 5 of the table. For
exam purposes, you will probably have to work problems with a calculator. However,
for reasons that will become obvious as you go through the chapter, in practice
spreadsheets are virtually always used. Still, the steps involved in a capital budgeting
analysis are the same whether you use a calculator or a computer.

Table 8-3, a printout from the web site file Ch 08 Tool Kit.xls, is divided into
five parts: (1) Input Data, (2) Depreciation Schedule, (3) Net Salvage Values, (4) Pro-
jected Net Cash Flows, and (5) Key Output. There are also two extensions, Parts 6
and 7, that deal with risk analysis and which we will discuss later in the chapter when
we cover sensitivity and scenario analyses. Note also that the table shows row and col-
umn indicators, so cells in the table have designations such as “Cell D33,” which is the
location of the cost of the building, found in Part 1, Input Data. The first row shown
is Row 31; the first 30 rows contain information about the model that we omitted
from the text. Finally, the numbers in the printed table are rounded from the actual
numbers in the spreadsheet.

Part 1, the Input Data section, provides the basic data used in the analysis. The in-
puts are really “assumptions”—thus, in the analysis we assumze that 20,000 units can be
sold at a price of $3 per unit.* Some of the inputs are known with near certainty—for
example, the 40 percent tax rate is not likely to change. Others are more speculative—
units sold and the variable cost percentage are in this category. Obviously, if sales or
costs are different from the assumed levels, then profits and cash flows, hence NPV
and IRR, will differ from their projected levels. Later in the chapter, we discuss how
changes in the inputs affect the results.

Part 2, which calculates depreciation over the project’s four-year life, is divided
into two sections, one for the building and one for the equipment. The first row in
each section (Rows 44 and 48) gives the yearly depreciation rates as taken from Table
8-2. The second row in each section (Rows 45 and 49) gives the dollars of deprecia-
tion, found as the rate times the asset’s depreciable basis, which, in this example,
is the initial cost. The third row (Rows 46 and 50) shows the book value at the end
of Year 4, found by subtracting the accumulated depreciation from the depreciable
basis.

*Recall that the sales price is actually $3,000, but for convenience we show all dollars in thousands.
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Analysis of a New (Expansion) Project
Parts 1 and 2

31

32

33

34

35

36

37

38

39

40

Al

42

43

44

45

46

47

48

49

50

51

52

53

A B C | D ] E | F [ ¢ | H ] [

Part 1. Input Data (in thousands of dollars)

|Key Output: NPV = £5, 500
Building cost (= Depreciable basis) $12,000
Equipment cost (= Depreciable basis) $5.000 Market value of building in 2007 $7.500
Net Operating WC / Sales 105 Market value of equip. in 2007 $2,000
First year sales (in units) 20,000 Tax rate 40
Growth rate in units sold 007 WACC 12%
Sales price per unit $3.00 Inflation: growth in sales price 20%
Variable cost per unit $2.10 Inflation: growth in VC per unit L0%
Fixed costs 5,000 Inflation: growth in fixed costs 1.0%
Part 2. Depreciation Schedule Vi Cumulative

1 2 3 4 Depr'n

Building Depr'n Rate 1.3% 2.46% 2.6% 2.6%
Building Depr'n $156 $312 $312 $312 $1.002
Ending Book Val: Cost - Cum. Depr'n 11,844 11,532 11,220
Equipment Depr'n Rate 20.0% 32.0% 19.0% 12.0%
Equipment Depr'n $1,600 $2,560 $1,520 $960 S, 6400

Ending Book Val: Cost - Cum. Depr'n 6,400 3,840 2,320 51,360

" The depreciation rates are multiplied by the depreciable hasis (512,000 for the building and 58,000 For the equipment}

io determine the yearly depreciation expense. The correct depreciaiion percentages for the building depend upon the monih

that the building is put in service. Because this analysis assumes that all cash Mows occur at the end of the vear, and to prevent
unnecessary complexity, we have rounded the depreciation percentages for the building, See the Tab named Depreciation lor more

deiails,

Part 3 estimates the cash flows the firm will realize when it disposes of the as-
sets. Row 57 shows the salvage value, which is the sales price the company expects
to receive when it sells the assets four years hence. Row 58 shows the book values
at the end of Year 4; these values were calculated in Part 2. Row 59 shows the ex-
pected gain or loss, defined as the difference between the sale price and the book
value. As explained in notes ¢ and d to Table 8-3, gains and losses are treated as or-
dinary income, not capital gains or losses.” Therefore, gains result in tax liabilities,
and losses produce tax credits, that are equal to the gain or loss times the 40 per-
cent tax rate. Taxes paid and tax credits are shown on Row 60. Row 61 shows the
after-tax cash flow the company expects when it disposes of the asset, found as the

*Note again that if an asset is sold for exactly its book value, there will be no gain or loss, hence no tax lia-
bility or credit. However, if an asset is sold for other than its book value, a gain or loss will be created. For
example, RIC’s building will have a book value of $10,908, but the company only expects to realize $7,500
when it is sold. This would result in a loss of $3,408. This indicates that the building should have been de-
preciated at a faster rate—only if depreciation had been $3,408 larger would the book and market values
have been equal. So, the Tax Code stipulates that losses on the sale of operating assets can be used to reduce
ordinary income, just as depreciation reduces income. On the other hand, if an asset is sold for more than
its book value, as is the case for the equipment, then this signifies that the depreciation rates were too high,
so the gain is called “depreciation recapture” by the IRS and is taxed as ordinary income.
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TABLE 8-3 Analysis of a New (Expansion) Project

Part 3

A | B8 | © [ D | E | F 1 &6 1T H ] 1
55 |Part 3 of Table 8-3. Net Salvage Values in 2007
56 Building Equipmient Total
57 |Estimated Markel Value in 2007 $7.500 2,000
58 [Book Value in 2007" 10,908 1,360
59 |Expected Gain or Loss" -3.408 Hdid
G0 | Taxes paid or tax credit =1,.%63 256
&1 |Net cash Mow from saly agu" S8.863 £1,744 10,607
62
63 |" Book value equals depreciabile basis (initial cost in this case) minos accumulated MACES depreciation. For the
Gd |huilding, sccumulated depreciation equals $1,092, so hook valoe equals $12,000 - $1,002 = $10,908, For the equipment,
65 [wccumulated depreciation equals $6,640, so book value equals $8,000 - $6,640 = $1,360.
GG
67 [ Bullding: %7500 market value - $10,908 hook value = -53,408, & loss, This represents a shortfall in depreciation
58 |taken versus “'true’” depreciation, and it is trested as an operating expense for 2007, Equipment: 52,000 market value -

69

$1.360 book value = $640 profit. Here the depreciotion charge exceeds the "true” depreciation, and the difference ks called

70

"'depreciation recapture’, It is tixed as ordinary income in 2007, The sctunl book value at the time of disposition depenids on the
maonth of disposition. We have simplified the analysis and assumed that there will be a full year of depreciation in 2007,

71

72

™ Met cash Mow from salvage equals salvage (morket) value mines toxes, For the building, the loss results in a tax credit, so

73

net salvage value = $7.500 - (-51,363) = S8 863,

expected sale price minus the tax liability or plus the credit. Thus, the firm expects
to net $8,863 from the sale of the building and $1,744 from the equipment, for a
total of $10,607.

Next, in Part 4, we use the information developed in Parts 1, 2, and 3 to find the
projected cash flows over the project’s life. Five periods are shown, from Year 0 (2003)
to Year 4 (2007). The cash outlays required at Year 0 are the negative numbers in
Column E for 2003, and their sum, —$26,000, is shown at the bottom in cell E105.
Then, in the next four columns, we calculate the operating cash flows. We begin with
sales revenues, found as the product of units sold and the sales price. Next, we subtract
variable costs, which were assumed to be $2.10 per unit. We then deduct fixed operat-
ing costs and depreciation to obtain taxable operating income, or EBIT. When taxes
(at a 40 percent rate) are subtracted, we are left with net operating profit after taxes, or
NOPAT. Note, though, that we are seeking cash flows, not accounting income. Thus,
depreciation must be added back.

RIC must purchase raw materials and replenish them each year as they are
used. In Part 1 we assume that RIC must have an amount of NOWC on hand
equal to 10 percent of the upcoming year’s sales. For example, sales in Year 1 are
$60,000, so RIC must have $6,000 in NOWC at Year 0, as shown in Cell E97.
Because RIC had no NOWC prior to Year 0, it must make a $6,000 investment
in NOWC at Year 0, as shown in Cell E98. Sales increase to $61,200 in Year 2,
so RIC must have $6,120 of NOWC at Year 1. Because it already had $6,000 in
NOWC on hand, its net investment at Year 1 is just $120, shown in Cell F98.
Note that RIC will have no sales after Year 4, so it will require no NOWC at
Year 4. Thus, it has a positive cash flow of $6,367 at Year 4 as working capital is
sold but not replaced.
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TABLE 8-3 Analysis of a New (Expansion) Project
Part 4
A B | C { D E | F | G | H | [
75 |Part 4 of Table §-3. Projected Net Cash Years
76| Flows (Time line of annual cash fows) 1 1 2 3 4
” 2003 200K 2005 2006 2007
78 Tuvestment Outlays: Long-Term Assvefs
79 |Building ($12,000)
80 |Equipment (8,000)
81
82 Cperating Cash Flows over the Project’s Life
83 Limits sold 200,y RIRLCCT] 200,00y 200,00
84 | Sales price 300 106 $3.12 SL18
85 |Sales revenue $60,000 $61,200 $62,424 $63,672
86 |Variable costs 42,000 42,840 43,697 44,571
87 |Fixed operating costs 8,000 8,080 8,161 8,242
88 |Depreciation (building) 156 312 312 312
89 |Depreciation (equipment) 1,600 2,560 1,520 960
90 |Oper. income before taxes (EBIT) 8,244 7,408 8,734 9,587
91 | Taxes on operating income (40 %) 3,298 2,963 3,494 3,835
92 |Net Operating Profit After Taxes (NOPAT) 4,946 4,445 5,241 5,752
93 |Add back depreciation 1,756 2,872 1,832 1,272
94 Operating cash flow %6, 702 £7.317 7073 $7.024
95
96 Cash Flows Due to Net Operating Working Capital
97 |Net Operating Working Capital (based on sales) $6,000 $6,120 $6,242 $6,367 $0
98 | Cash flow due to investment in NOWC ($6,000) ($120) ($122) ($125) $6,367
99
100, Salvage Cash Flows: Long-Term Assels
101|Net salvage cash flow: Building $8,863
102| Net salvage cash flow: Equipment 1,744
103| Total salvage cash flows S 10,607
104
105|Net Cash Flow (Time line of cash flows) {520, (M) 46,582 $7.194 $6,948 $23,99%
106

When the project’s life ends, the company will receive the “Salvage Cash Flows” as
shown in the column for Year 4 in the lower part of the table. When the company dis-
poses of the building and equipment at the end of Year 4, it will receive cash as esti-
mated back in Part 3 of the table. Thus, the total salvage cash flow amounts to $10,607
as shown on Row 103. When we sum the subtotals in Part 4, we obtain the net cash
flows shown on Row 105. Those cash flows constitute a cash flow time line, and they are
then evaluated in Part 5 of Table 8-3.

Making the Decision

Part 5 of the table shows the standard evaluation criteria—NPV, IRR, MIRR, and
payback—based on the cash flows shown on Row 105. The NPV is positive, the IRR
and MIRR both exceed the 12 percent cost of capital, and the payback indicates that
the project will return the invested funds in 3.22 years. Therefore, on the basis of the
analysis thus far, it appears that the project should be accepted. Note, though, that we
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TABLE 8-3 Analysis of a New (Expansion) Project

Part 5

A [ B ] c |1 o ] E | F | 6 | H 1] [
(107 Part 5 of Table 8-3. Key Output and Appraisal of the Proposed Project
108
| 109|Net Present Value (at 12%) $5,809
[T10[IRR 20.12%
[ 111|MIRR 17.79 % Years
[112] 0 1 2 3 4
m Cumulative cash flow for payback (26,000) (19,418) (12,223) (5,275) 18,723
1114|Cum. CF > 0, hence Payback Year: FALSE FALSE FALSE FALSE 3.22
115[Payback found with Excel function = 3.22 See note below lor an explanation of the Excel calculation.
E Check: Payback =3+ 5,275/23,999 = 3.22 Sanual caleulation Tor the base case,
117
[118] The Exeel pavback ealculation is based on the logical IF lunction. Returns FALSE 1T the cumulative CF Is negative ar
E ihe actiodl ||||.I1.|u|||.|-. il e comulative CF ks |r||\.i||.u'. Thiein, v wse e BN Gimdndoicen ) Toaction Bo Tod st VEAr w hen
1120 | payhack is positive, The Min lunction procedure is necessary for projects with longer lives, becanse then values, not the
121 word FALSE, wauld appear in o number of cells, The Min fonction picks ihe smallesi number, which is ihe payback.

have been assuming that the project is about as risky as the company’s average proj-
ect. If the project were judged to be riskier than average, it would be necessary to in-
crease the cost of capital, which might cause the NPV to become negative and the

IRR and MIRR to drop below the then-higher WACC. Therefore, we cannot make
a final decision until we evaluate the project’ risk, the topic of a later section.

Self-Test What three types of cash flows must be considered when evaluating a proposed
Question = Prolect?

Adjusting for Inflation

Inflation is a fact of life in the United States and most other nations, so it must be con-
sidered in any sound capital budgeting analysis.®

Inflation-Induced Bias

Note that in the absence of inflation, the real rate, r., would be equal to the nominal rate,
r,. Moreover, the real and nominal expected net cash flows—RCF, and NCF—would
also be equal. Remember that 7ea/ interest rates and cash flows do not include inflation
effects, while nominal rates and flows do reflect the effects of inflation. In particular, an
inflation premium, IP, is built into all nominal market interest rates.

Suppose the expected rate of inflation is positive, and we expect 4/ of the project’s
cash flows—including those related to depreciation—to rise at the rate i. Further, as-
sume that this same inflation rate, i, is built into the market cost of capital as an infla-
tion premium, IP = i. In this situation, the nominal net cash flow, NCF,, will increase
annually at the rate of i percent, producing this result:

NCF, = RCF(1 + i).

®For some articles on this subject, see Philip L. Cooley, Rodney L. Roenfeldt, and It-Keong Chew, “Capi-
tal Budgeting Procedures under Inflation,” Financial Management, Winter 1975, 18-27; and “Cooley, Roen-
feldt, and Chew vs. Findlay and Frankle,” Financial Management, Autumn 1976, 83-90.
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For example, if we expected a net cash flow of $100 in Year 5 in the absence of infla-
tion, then with a 5 percent annual rate of inflation, NCF5 = $100(1.05)° = $127.63.

In general, the cost of capital used as the discount rate in capital budgeting analy-
sis is based on the market-determined costs of debt and equity, so it is a nominal rate.
To convert a real interest rate to a nominal rate when the inflation rate is i, we use this
formula:

1+ r) =0+ r)d +i).

For example, if the real cost of capital is 7 percent and the inflation rate is 5 percent,
then 1 + r, = (1.07)(1.05) = 1.1235,so 1, = 12.35%.”

Now if net cash flows increase at the rate of i percent per year, and if this same in-
flation premium is built into the firm’s cost of capital, then the NPV would be calcu-
lated as follows:

" NCF, & RCF(I +i)
NPV (with inflation) = 3 Lo (L + D)

2ty Za+rar)y D

Since the (1 + i)' terms in the numerator and denominator cancel, we are left with:

n RCF,
NPV = 2y

Thus, if all costs and also the sales price, hence annual cash flows, are expected to rise
at the same inflation rate that investors have built into the cost of capital, then the
inflation-adjusted NPV as determined using Equation 8-1 is the same whether you
discount nominal cash flows at a nominal rate or real cash flows at a real rate. For ex-
ample, the PV of a real $100 at Year 5 at a real rate of 7 percent is $71.30 =
$100/(1.07)°. The PV of a nominal $127.63 at Year 5 at a nominal rate of 12.35 per-
cent is also $71.30 = $127.63/(1.1235)’.

However, some analysts mistakenly use base year, or constant (unadjusted), dollars
throughout the analysis—say, 2003 dollars if the analysis is done in 2003—along with
a cost of capital as determined in the marketplace as we described in Chapter 6. This
is wrong: If the cost of capital includes an inflation premium, as it typically does, but the cash
flows are all stated in constant (unadjusted) dollars, then the calculated NPV will be lower than
the true NPV, The denominator will reflect inflation, but the numerator will not, and
this will produce a downward-biased NPV.

Making the Inflation Adjustment

There are two ways to adjust for inflation. First, all project cash flows can be expressed
as real (unadjusted) flows, with no consideration of inflation, and then the cost of cap-
ital can be adjusted to a real rate by removing the inflation premiums from the com-
ponent costs. This approach is simple in theory, but to produce an unbiased NPV it
requires (1) that all project cash flows, including depreciation, be affected identically
by inflation, and (2) that this rate of increase equals the inflation rate built into in-
vestors’ required returns. Since these assumptions do not necessarily hold in practice,
this method is not commonly used.

"To focus on inflation effects, we have simplified the situation somewhat. The actual project cost of capital
is made up of debt and equity components, both of which are affected by inflation, but only the debt com-
ponent is adjusted for tax effects. Thus, the relationship between nominal and real costs of capital is more
complex than indicated in our discussion here.
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The second method involves leaving the cost of capital in its nominal form, and
then adjusting the individual cash flows to reflect expected inflation. This is what we
did earlier in our RIC example as summarized in Table 8-3. There we assumed that
sales prices and variable costs would increase at a rate of 2 percent per year, fixed costs
would increase by 1 percent per year, and that depreciation charges would not be
affected by inflation. One should always build inflation into the cash flow analysis,
with the specific adjustment reflecting as accurately as possible the most likely set of
circumstances. With a spreadsheet, it is easy to make the adjustments.

Our conclusions about inflation may be summarized as follows. First, inflation is
critically important, for it can and does have major effects on businesses. Therefore, it
must be recognized and dealt with. Second, the most effective way of dealing with in-
flation in capital budgeting analyses is to build inflation estimates into each cash flow
element, using the best available information on how each element will be affected.
Third, since we cannot estimate future inflation rates with precision, errors are bound
to be made. Thus, inflation adds to the uncertainty, or riskiness, of capital budgeting
as well as to its complexity.

What is the best way of handling inflation, and how does this procedure elimi-
nate the potential bias?

Project Risk Analysis: Techniques
for Measuring Stand-Alone Risk

Recall from Chapter 6 that there are three distinct types of risk: stand-alone risk, cor-
. : . : .

porate risk, and market risk. Why should a project’s stand-alone risk be important to

anyone? In theory, this type of risk should be of little or no concern. However, it is ac-

tually of great importance for two reasons:

1. Itis easier to estimate a project’s stand-alone risk than its corporate risk, and it is far
easier to measure stand-alone risk than market risk.

2. In the vast majority of cases, all three types of risk are highly correlated—if the
general economy does well, so will the firm, and if the firm does well, so will most
of its projects. Because of this high correlation, stand-alone risk is generally a good
proxy for hard-to-measure corporate and market risk.

The starting point for analyzing a project’s stand-alone risk involves determining
the uncertainty inherent in its cash flows. To illustrate what is involved, consider again
Regency Integrated Chips’ appliance control computer project that we discussed
above. Many of the key inputs shown in Part 1 of Table 8-3 are subject to uncertainty.
For example, sales were projected at 20,000 units to be sold at a net price of $3,000 per
unit. However, actual unit sales will almost certainly be somewhat higher or lower
than 20,000, and the sales price will probably turn out to be different from the pro-
jected $3,000 per unit. In effect, the sales quantity and price estimates are really expected
values based on probability distributions, as are many of the other values that were shown in
Part 1 of Table 8-3. The distributions could be relatively “tight,” reflecting small stan-
dard deviations and low risk, or they could be “wide,” denoting a great deal of uncer-
tainty about the actual value of the variable in question and thus a high degree of
stand-alone risk.

The nature of the individual cash flow distributions, and their correlations with
one another, determine the nature of the NPV probability distribution and, thus, the
project’s stand-alone risk. In the following sections, we discuss three techniques for
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assessing a project’s stand-alone risk: (1) sensitivity analysis, (2) scenario analysis, and
(3) Monte Carlo simulation.

Sensitivity Analysis

Intuitively, we know that many of the variables that determine a project’s cash
flows could turn out to be different from the values used in the analysis. We also
know that a change in a key input variable, such as units sold, will cause the
NPV to change. Sensitivity analysis is a technique that indicates how much NPV
will change in response to a given change in an input variable, other things held
constant.

Sensitivity analysis begins with a base-case situation, which is developed using the
expected values for each input. To illustrate, consider the data given back in Table 8-3,
where projected cash flows for RIC’s computer project were shown. The values used
to develop the table, including unit sales, sales price, fixed costs, and variable costs, are
all most likely, or base-case, values, and the resulting $5.809 million NPV shown in
"Table 8-3 is called the base-case NPV. Now we ask a series of “what if” questions:
“What if unit sales fall 15 percent below the most likely level?” “What if the sales price
per unit falls?” “What if variable costs are $2.50 per unit rather than the expected
$2.10?” Sensitivity analysis is designed to provide decision makers with answers to
questions such as these.

In a sensitivity analysis, each variable is changed by several percentage points
above and below the expected value, holding all other variables constant. Then a new
NPV is calculated using each of these values. Finally, the set of NPVs is plotted to
show how sensitive NPV is to changes in each variable. Figure 8-1 shows the com-
puter project’s sensitivity graphs for six of the input variables. The table below the
graph gives the NPVs that were used to construct the graph. The slopes of the lines in
the graph show how sensitive NPV is to changes in each of the inputs: the steeper the
slope, the more sensitive the NPV is to a change in the variable. From the figure and the
table, we see that the project’s NPV is very sensitive to changes in the sales price and
variable costs, fairly sensitive to changes in the growth rate and units sold, and not
very sensitive to changes in either fixed costs or the cost of capital.

If we were comparing two projects, the one with the steeper sensitivity lines would
be riskier, because for that project a relatively small error in estimating a variable such
as unit sales would produce a large error in the project’s expected NPV. Thus, sensi-
tivity analysis can provide useful insights into the riskiness of a project.

Before we move on, we should note that spreadsheet computer programs such as
Excel are ideally suited for sensitivity analysis. We used the Data Table feature in the
file Ch 08 Tool Kit.xls, on the textbook’s web site, to generate the table used for Fig-
ure 8-1. To conduct such an analysis by hand would be extremely time consuming.

Scenario Analysis

Although sensitivity analysis is probably the most widely used risk analysis technique,
it does have limitations. For example, we saw earlier that the computer project’s NPV
is highly sensitive to changes in the sales price and the variable cost per unit. Those
sensitivities suggest that the project is risky. Suppose, however, that Home Depot or
Circuit City was anxious to get the new computer product and would sign a contract
to purchase 20,000 units per year for four years at $3,000 per unit. Moreover, suppose
Intel would agree to provide the principal component at a price that would ensure that
the variable cost per unit would not exceed $2,200. Under these conditions, there
would be a low probability of high or low sales prices and input costs, so the project
would not be at all risky in spite of its sensitivity to those variables.
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FIGURE 8-1 Evaluating Risk: Sensitivity Analysis (Dollars in Thousands)
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We see, then, that we need to extend sensitivity analysis to deal with the probability
distributions of the inputs. In addition, it would be useful to vary more than one vari-
able at a time so we could see the combined effects of changes in the variables. Sce-
nario analysis provides these extensions—it brings in the probabilities of changes in
the key variables, and it allows us to change more than one variable at a time. In a sce-
nario analysis, the financial analyst begins with the base case, or most likely set of val-
ues for the input variables. Then, he or she asks marketing, engineering, and other op-
erating managers to specify a worst-case scenario (low unit sales, low sales price,
high variable costs, and so on) and a best-case scenario. Often, the best case and
Worst case are set so as to have a 25 percent probability of conditions being that good
or bad, and a 50 percent probability is assigned to the base-case conditions. Obviously,
conditions could actually take on other values, but parameters such as these are useful
to get people focused on the central issues in risk analysis.

The best-case, base-case, and worst-case values for RIC’s computer project are
shown in Table 8-4, along with a plot of the data. If the product is highly successful, then
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TABLE 8-4 Scenario Analysis (Dollars in Thousands)
Sales Unit Variable Growth
Scenario Probability Price Sales Costs Rate NPV
Best case 25% $3.90 26,000 $1.47 30% $146,180
Base case 50 3.00 20,000 2.10 0 5,809
Worst case 25 2.10 14,000 2.73 —-30 (37,257)
Expected NPV = $30,135
Standard deviation = $69,267
Coefficient of variation = Standard deviation/Expected NPV = 2.30

Probability Graph

Probability
(%)
50
25
L
(37,257) 0 * 30,135 146,180
NPV
5,809 (¥)
Most likely Mean of distribution = Expected value

Note: The scenario analysis calculations were performed in the Excel model, Ch 08 Tool Kit.xls.

See Ch 08 Tool Kit.xIs for
a scenario analysis using Ex-
cel’s Scenario Manager.

the combination of a high sales price, low production costs, high first year sales, and a
strong growth rate in future sales will resultin a very high NPV, $146 million. However,
if things turn out badly, then the NPV would be —$37 million. The graphs show a very
wide range of possibilities, indicating that this is indeed a very risky proj-
ect. If the bad conditions materialize, this will not bankrupt the company—this is just
one project for a large company. Still, losing $37 million would certainly not help the
stock price or the career of the project’s manager.

The scenario probabilities and NPVs constitute a probability distribution of re-
turns like those we dealt with in Chapter 3, except that the returns are measured in
dollars instead of percentages (rates of return). The expected NPV (in thousands of
dollars) is $30,135:®

S P,(NPV)

i=1

0.25($146,180) + 0.50($5,809) + 0.25(—$37,257)
= $30,135.

Expected NPV

8Note that the expected NPV, $30,135, is not the same as the base-case NPV, $5,809 (in thousands). This is
because the two uncertain variables, sales volume and sales price, are multiplied together to obtain dollar
sales, and this process causes the NPV distribution to be skewed to the right. A big number times another
big number produces a very big number, which, in turn, causes the average, or expected value, to increase.
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A recent survey of executives in Australia, Hong Kong, In-
donesia, Malaysia, the Philippines, and Singapore asked sev-
eral questions about their companies’ capital budgeting
practices. The study yielded some interesting results, which
are summarized here.

Techniques for Evaluating Corporate Projects

Consistent with evidence on U.S. companies, most compa-
nies in this region evaluate projects using IRR, NPV, and pay-
back. IRR use ranged from 86 percent (in Hong Kong) to 96
percent (in Australia). NPV use ranged from 81 percent (in
the Philippines) to 96 percent (in Australia). Payback use
ranged from 81 percent (in Indonesia) to 100 percent (in
Hong Kong and the Philippines).

Techniques for Estimating the Cost

of Equity Capital

Recall from Chapter 6 that three basic approaches can be
used to estimate the cost of equity: CAPM, dividend yield
plus growth rate (DCF), and cost of debt plus a risk pre-

mium. The use of these methods varied considerably from
country to country (see Table A).

We noted in Chapter 7 that the CAPM is used most
often by U.S. firms. (See the box in Chapter 7 entitled,
“Techniques Firms Use to Evaluate Corporate Projects”.)
Except for Australia, this is not the case for Asian/
Pacific firms, who instead more often use the other two
approaches.

Techniques for Assessing Risk

Finally, firms in these six countries rely heavily on scenario
and sensitivity analyses to assess project risk. They also use
decision trees and Monte Carlo simulation, but less fre-
quently than the other techniques (see Table B).

Source: From George W. Kester et al., “Capital Budgeting Practices in the
Asia-Pacific Region: Australia, Hong Kong, Indonesia, Malaysia, Philippines,
and Singapore,” Financial Practice and Education, vol. 9, no. 1, Spring/Summer
1999, 25-33. Reprinted by permission of Financial Management Association
International, University of South Florida.

TABLE A
Method Australia Hong Kong Indonesia Malaysia Philippines Singapore
CAPM 72.7% 26.9% 0.0% 6.2% 24.1% 17.0%
Dividend yield plus growth rate 16.4 53.8 5.3 50.0 345 42.6
Cost of debt plus risk premium 10.9 23.1 53.4 37.5 58.6 42.6
TABLE B
Risk Assessment Technique Australia Hong Kong Indonesia Malaysia Philippines Singapore
Scenario analysis 96% 100% 94% 80% 97% 90%
Sensitivity analysis 100 100 88 83 94 7%
Decision tree analysis 44 58 50 37 33 46
Monte Carlo simulation 38 35 25 9 24 35

The standard deviation of the NPV is $69,267 (in thousands of dollars):

ONPY = \/ > P{(NPV; — Expected NPV)’

i=1

3 \/0.25($146,180 — $30,135)* + 0.50($5,809 — $30,135)
+ 0.25(—$37,257 — $30,135)*

= $69,267.



High-Tech CFOs

Recent developments in technology have made it easier for
corporations to utilize complex risk analysis techniques.
New software and higher-powered computers enable finan-
cial managers to process large amounts of information, so
technically astute finance people can consider a broad range
of scenarios using computers to estimate the effects of
changes in sales, operating costs, interest rates, the overall
economy, and even the weather. Given such analysis, finan-
cial managers can make better decisions as to which course
of action is most likely to maximize shareholder wealth.

Risk analysis can also take account of the correlation be-
tween various types of risk. For example, if interest rates and
currencies tend to move together in a particular way, this
tendency can be incorporated into the model. This can en-
able financial managers to make better estimates of the like-
lihood and effect of “worst-case” outcomes.

While this type of risk analysis is undeniably useful, it is
only as good as the information and assumptions used in the
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models. Also, risk models frequently involve complex calcula-
tions, and they generate output that requires financial man-
agers to have a fair amount of mathematical sophistication.
However, technology is helping to solve these problems, and
new programs have been developed to present risk analysis in
an intuitive way. For example, Andrew Lo, an MIT finance
professor, has developed a program that summarizes the risk,
return, and liquidity profiles of various strategies using a new
data visualization process that enables complicated relation-
ships to be plotted along three-dimensional graphs that are
easy to interpret. While some old-guard CFOs may bristle at
these new approaches, younger and more computer-savvy
CFOs are likely to embrace them. As Lo puts it: “The video-
game generation just loves these 3-D tools.”

Source: “The CFO Goes 3-D: Higher Math and Savvy Software Are Cru-
cial,” reprinted from October 28, 1996 issue of Business Week by special per-
mission, copyright © 1996 by The McGraw-Hill Companies, Inc.

Finally, the project’s coefficient of variation is:

CVnpy =

ONPV :$69,267
E(NPV)  $30,135

= 2.30.
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The project’s coefficient of variation can be compared with the coefficient of variation
of RIC’s “average” project to get an idea of the relative riskiness of the proposed
project. RIC’ existing projects, on average, have a coefficient of variation of about 1.0,
so, on the basis of this stand-alone risk measure, we conclude that the project is much
riskier than an “average” project.

Scenario analysis provides useful information about a project’s stand-alone risk.
However, it is limited in that it considers only a few discrete outcomes (NPVs), even
though there are an infinite number of possibilities. We describe a more complete
method of assessing a project’s stand-alone risk in the next section.

Monte Carlo Simulation

Monte Carlo simulation ties together sensitivities and probability distributions. It
grew out of work in the Manhattan Project to build the first atomic bomb, and was
so named because it utilized the mathematics of casino gambling. While Monte Carlo
simulation is considerably more complex than scenario analysis, simulation software
packages make this process manageable. Many of these packages are included as
add-ons to spreadsheet programs such as Microsoft Excel.

In a simulation analysis, the computer begins by picking at random a value for
each variable—sales in units, the sales price, the variable cost per unit, and so on.
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Then those values are combined, and the project’s NPV is calculated and stored in
the computer’s memory. Next, a second set of input values is selected at random, and
a second NPV is calculated. This process is repeated perhaps 1,000 times, generat-
ing 1,000 NPVs. The mean and standard deviation of the set of NPVs is deter-
mined. The mean, or average value, is used as a measure of the project’s expected
NPV, and the standard deviation (or coefficient of variation) is used as a measure of
risk.

Using this procedure, we conducted a simulation analysis of RIC’s proposed proj-
ect. As in our scenario analysis, we simplified the illustration by specifying the distri-
butions for only four key variables: (1) sales price, (2) variable cost, (3) Year 1 units
sold, and (4) growth rate.

We assumed that sales price can be represented by a continuous normal distribu-
tion with an expected value of $3.00 and a standard deviation of $0.35. Recall from
Chapter 3 that there is about a 68 percent chance that the actual price will be within
one standard deviation of the expected price, which results in a range of $2.65 to
$3.35. Put another way, there is only a 32 percent chance that the price will fall outside
the indicated range. Note too that there is less than a 1 percent chance that the actual
price will be more than three standard deviations of the expected price, which gives us
a range of $1.95 to $4.05. Therefore, the sales price is very unlikely to be less than
$1.95 or more than $4.05.

RIC has existing labor contracts and strong relationships with some of its suppli-
ers, which makes the variable cost less uncertain. In the simulation we assumed that
the variable cost can be described by a triangular distribution, with a lower bound of
$1.40, a most likely value of $2.10, and an upper bound of $2.50. Note that this is not
a symmetric distribution. The lower bound is $0.70 less than the most likely value, but
the upper bound is only $0.40 higher than the most likely value. This is because RIC
has an active risk management program under which it hedges against increases in the
prices of the commodities used in its production processes. The net effect is that RIC’s
hedging activities reduce its exposure to price increases but still allow it to take advan-
tage of falling prices.

Based on preliminary purchase agreements with major customers, RIC is certain
that sales in the first year will be at least 15,000 units. The marketing department be-
lieves the most likely demand will be 20,000 units, but it is possible that demand will
be much higher. The plant can produce a maximum of 30,000 units in the first year, al-
though production can be expanded in subsequent years if there is higher than ex-
pected demand. Therefore, we represented Year 1 unit sales with a triangular distri-
bution with a lower bound of 15,000 units, a most likely value of 20,000 units, and an
upper bound of 30,000 units.

The marketing department anticipates no growth in unit sales after the first year,
but it recognizes that actual sales growth could be either positive or negative. More-
over, actual growth is likely to be positively correlated with units sold in the first year,
which means that if demand is higher than expected in the first year, then growth will
probably be higher than expected in subsequent years. We represented growth with a
normal distribution having an expected value of 0 percent and a standard deviation of
15 percent. We also specified the correlation between Year 1 unit sales and growth in
sales to be 0.65.

We used these inputs and the model from Ch 08 Tool Kit.xls to conduct the sim-
ulation analysis. If you want to do the simulation yourself, you should first read the
instructions in the file Explanation of Simulation.doc. This explains how to install an
Excel add-in, Simtools.xla, which is necessary to run the simulation. After you have
installed Simtools.xla, you can run the simulation analysis, which is in a separate
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spreadsheet, Ch 08 Tool Kit Simulation.xls.” All three files are included on the text-
book’s web site. Using this model, we simulated 1,000 outcomes for the capital bud-
geting project. Table 8-5 presents selected results from the simulation.

After running the simulation, the first thing to do is to ensure that the results
are consistent with our assumptions. The resulting mean and standard deviation of
sales price are $3.01 and $0.35, respectively, which are virtually identical to our
assumptions. Similarly, the resulting mean of —0.4 percent and standard deviation of
14.8 percent for growth are very close to our assumed distribution. The maximum for
variable cost is $2.47, which is just under our specified maximum of $2.50, and the
minimum is $1.40, which is equal to our specified minimum. Unit sales have a maxi-
mum of 29,741 and a minimum of 15,149, both of which are consistent with our as-
sumptions. Finally, the resulting correlation between unit sales and growth is 0.664,
which is very close to our assumed correlation of 0.65. Therefore, the results of the
simulation are consistent with our assumptions.

Table 8-5 also reports summary statistics for the project’s NPV. The mean
is $13,867, which suggests that the project should be accepted. However, the range
of outcomes is quite large, from a loss of $49,550 to a gain of $124,091, so the proj-
ect is clearly risky. The standard deviation of $22,643 indicates that losses could
easily occur, and this is consistent with this wide range of possible outcomes.'®
The coefficient of variation is 1.63, which is large compared with most of RIC’s

"We are grateful to Professor Roger Myerson of Northwestern University for making Simtool.xla available
to us.

Note too that there are a number of commercially available simulation programs that can be used with
Excel, including @Risk and Crystal Ball. Many universities and companies have such a program installed on
their networks, and they can also be installed on PCs.

'"Note that the standard deviation of NPV in the simulation is much smaller than the standard deviation in
the scenario analysis. In the scenario analysis, we assumed that all of the poor outcomes would occur to-
gether in the worst-case scenario, and all of the positive outcomes would occur together in the best-case
scenario. In other words, we implicitly assumed that all of the risky variables were perfectly positively cor-
related. In the simulation, we assumed that the variables were independent, with the exception of the corre-
lation between unit sales and growth. The independence of variables in the simulation reduces the range of
outcomes. For example, in the simulation, sometimes the sales price is high, but the sales growth is low. In
the scenario analysis, a high sales price is always coupled with high growth. Because the scenario analysis’s
assumption of perfect correlation is unlikely, simulation may provide a better estimate of project risk. How-
ever, if the standard deviations and correlations used as inputs in the simulation are not estimated accurately,
then the simulation output will likewise be inaccurate. Remember the terms GIGO, or “garbage in, garbage
out,” and SWAG, or “scientific wild a_ _ guess”!

TABLE 8-5 Summary of Simulation Results (Thousands of Dollars)

Risky Inputs Output
Sales Variable Unit
Price Cost Sales Growth NPV
Mean $3.01 $2.00 21,662 —0.4% $13,867
Standard deviation 0.35 0.23 3,201 14.8 22,643
Maximum 4.00 2.47 29,741 42.7 124,091
Minimum 1.92 1.40 15,149 —-51.5 —49,550
Median 10,607
Probability of NPV > 0 72.8%

Coefficient of variation 1.63
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Self-Test
Questions

FIGURE 8-2 NPV Probability Distribution
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other projects. Table 8-5 also reports a median NPV of $10,607, which means
that half the time the project will have an NPV greater than $10,607. The table
also reports that 72.8 percent of the time we would expect the project to have a
positive NPV.

A picture is worth a thousand words, and Figure 8-2 shows the probability dis-
tribution of the outcomes. Note that the distribution of outcomes is skewed to the
right. As the figure shows, the potential downside losses are not as large as the po-
tential upside gains. Our conclusion is that this is a very risky project, as indicated by
the coefficient of variation, but it does have a positive expected NPV and the poten-
tial to be a home run.

List two reasons why, in practice, a project’s stand-alone risk is important.

Differentiate between sensitivity and scenario analyses. What advantage does
scenario analysis have over sensitivity analysis?

What is Monte Carlo simulation?

Project Risk Conclusions

We have discussed the three types of risk normally considered in capital budgeting
analysis—stand-alone risk, within-firm (or corporate) risk, and market risk—and we
have discussed ways of assessing each. However, two important questions remain:
(1) Should firms be concerned with stand-alone or corporate risk in their capital
budgeting decisions, and (2) what do we do when the stand-alone, within-firm, and
market risk assessments lead to different conclusions?
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These questions do not have easy answers. From a theoretical standpoint, well-
diversified investors should be concerned only with market risk, managers should be
concerned only with stock price maximization, and this should lead to the conclusion
that market (beta) risk ought to be given virtually all the weight in capital budgeting
decisions. However, if investors are not well diversified, if the CAPM does not operate
exactly as theory says it should, or if measurement problems keep managers from hav-
ing confidence in the CAPM approach in capital budgeting, it may be appropriate to
give stand-alone and corporate risk more weight than financial theory suggests. Note
also that the CAPM ignores bankruptcy costs, even though such costs can be substan-
tial, and the probability of bankruptcy depends on a firm’s corporate risk, not on its
beta risk. Therefore, even well-diversified investors should want a firm’s management
to give at least some consideration to a project’s corporate risk instead of concentrat-
ing entirely on market risk.

Although it would be nice to reconcile these problems and to measure project risk
on some absolute scale, the best we can do in practice is to estimate project risk in a
somewhat nebulous, relative sense. For example, we can generally say with a fair de-
gree of confidence that a particular project has more or less stand-alone risk than the
firm’s average project. Then, assuming that stand-alone and corporate risk are highly
correlated (which is typical), the project’s stand-alone risk will be a good measure of
its corporate risk. Finally, assuming that market risk and corporate risk are highly
correlated (as is true for most companies), a project with more corporate risk than av-

erage will also have more market risk, and vice versa for projects with low corporate
T
risk.

In theory, should a firm be concerned with stand-alone and corporate risk?
Self-Test 4 P

: Should the firm be concerned with these risks in practice?
Questions o . .
If a project’s stand-alone, corporate, and market risk are highly correlated, would

this make the task of measuring risk easier or harder? Explain.

Incorporating Project Risk into Capital Budgeting

As we described in Chapter 6, many firms calculate a cost of capital for each division,
based on the division’s market risk and capital structure. This is the first step toward
incorporating risk analysis into capital budgeting decisions, but it is limited because it
only encompasses market risk. Rather than directly estimating the corporate risk of a
project, the risk management departments at many firms regularly assess the entire
firm’s likelihood of financial distress, based on current and proposed projects.'* In
other words, they assess a firm’s corporate risk, given its portfolio of projects. This
screening process will identify those projects that significantly increase corporate risk.

Suppose a proposed project doesn’t significantly affect a firm’s likelihood of finan-
cial distress, but it does have greater stand-alone risk than the typical project in a divi-
sion. Two methods are used to incorporate this project risk into capital budgeting. One
is called the certainty equivalent approach. Here every cash inflow that is not known with
certainty is scaled down, and the riskier the flow, the lower its certainty equivalent
value. Chapter 17 Web Extension explains the certainty equivalent approach in more
detail. The other method, and the one we focus on here, is the risk-adjusted

"For example, see M. Chapman Findlay III, Arthur E. Gooding, and Wallace Q. Weaver, Jr., “On the
Relevant Risk for Determining Capital Expenditure Hurdle Rates,” Financial Management, Winter 1976,
9-16.

’These processes also measure the magnitude of the losses, which is often called value at risk.
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discount rate approach, under which differential project risk is dealt with by changing
the discount rate. Average-risk projects are discounted at the firm’s average cost of cap-
ital, higher-risk projects are discounted at a higher cost of capital, and lower-risk proj-
ects are discounted at a rate below the firm’s average cost of capital. Unfortunately,
there is no good way of specifying exactly how much higher or lower these discount
rates should be. Given the present state of the art, risk adjustments are necessarily judg-
mental and somewhat arbitrary.

How are risk-adjusted discount rates used to incorporate project risk into the
capital budget decision process?

Managing Risk through Phased Decisions: Decision Trees

Up to this point we have focused primarily on techniques for estimating a project’s
stand-alone risk. Although this is an integral part of capital budgeting, managers are
generally more interested in reducing risk than in measuring it. For example, sometimes
projects can be structured so that expenditures do not have to be made all at one time,
but, rather, can be made in stages over a period of years. This reduces risk by giving
managers the opportunity to reevaluate decisions using new information and then ei-
ther investing additional funds or terminating the project. Such projects can be evalu-
ated using decision trees.

The Basic Decision Tree

For example, suppose United Robotics is considering the production of an industrial
robot for the television manufacturing industry. The net investment for this project
can be broken down into stages, as set forth in Figure 8-3:

Stage 1. At t = 0, which in this case is sometime in the near future, conduct a
$500,000 study of the market potential for robots in television assembly lines.

Stage 2. If it appears that a sizable market does exist, then at t = 1 spend $1,000,000
to design and build a prototype robot. This robot would then be evaluated by
television engineers, and their reactions would determine whether the firm
should proceed with the project.

Stage 3. If reaction to the prototype robot is good, then at t = 2 build a production
plant at a net cost of $10,000,000. If this stage were reached, the project
would generate either high, medium, or low net cash flows over the following
four years.

Stage 4. At t = 3 market acceptance will be known. If demand is low, the firm will ter-
minate the project and avoid the negative cash flows in Years 4 and 5.

A decision tree such as the one in Figure 8-3 can be used to analyze such multi-
stage, or sequential, decisions. Here we assume that one year goes by between deci-
sions. Each circle represents a decision point, and it is called a decision node. The
dollar value to the left of each decision node represents the net investment required at
that decision point, and the cash flows shown under t = 3 to t = 5 represent the cash
inflows if the project is pushed on to completion. Each diagonal line represents a
branch of the decision tree, and each branch has an estimated probability. For exam-
ple, if the firm decides to “go” with the project at Decision Point 1, it will spend
$500,000 on a marketing study. Management estimates that there is a 0.8 probability
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FIGURE 8-3 United Robotics: Decision Tree Analysis (Thousands of Dollars)

Time
Joint Product:
t=0 t=1 t=2 t=3 t=4 t=5 Probability NPV Prob. x NPV
$18,000 $18,000  $18,000 0.144 $25, 635 $3,691
($10,000) g 04 $8,000 $8,000 $8,000 0.192 $6,149 $1,181
/ ($2,000) @ Stop 0.144 ($10,883) ($1,567)
0.320 (1,397) (447)
0.200 (500) (100)
1.000 Expected NPV = $2,758
o=$%$10,584

that the study will produce favorable results, leading to the decision to move on to
Stage 2, and a 0.2 probability that the marketing study will produce negative results,
indicating that the project should be canceled after Stage 1. If the project is canceled,
the cost to the company will be the $500,000 for the initial marketing study, and it will
be a loss.

If the marketing study yields positive results, then United Robotics will spend
$1,000,000 on the prototype robot at Decision Point 2. Management estimates (be-
fore even making the initial $500,000 investment) that there is a 60 percent probabil-
ity that the television engineers will find the robot useful and a 40 percent probability
that they will not like it.

If the engineers like the robot, the firm will spend the final $10,000,000 to build
the plant and go into production. If the engineers do not like the prototype, the
project will be dropped. If the firm does go into production, the operating cash flows
over the project’s four-year life will depend on how well the market accepts the final
product. There is a 30 percent chance that acceptance will be quite good and net cash
flows will be $18 million per year, a 40 percent probability of $8 million each year, and
a 30 percent chance of losing $2 million. These cash flows are shown under Years 3
through 5.

In summary, the decision tree in Figure 8-3 defines the decision nodes and the
branches that leave the nodes. There are two types of nodes, decision nodes and out-
come nodes. Decision nodes are the points at which management can respond to new
information. The first decision node is at t = 1, after the company has completed the
marketing study (Decision Point 1 in Figure 8-3). The second decision node is at t =
2, after the company has completed the prototype study (Decision Point 2 in Figure
8-3). The outcome nodes show the possible results if a particular decision is taken.
There is one relevant outcome node (Decision Point 3 in Figure 8-3), the one oc-
curring at t = 3, and its branches show the possible cash flows if the company goes
ahead with the industrial robot project. There is one more decision node, Decision
Point 4, at which United Robotics terminates the project if acceptance is low. Note
that the decision tree also shows the probabilities of moving into each branch that
leaves a node.

The column of joint probabilities in Figure 8-3 gives the probability of occurrence
of each branch, hence of each NPV. Each joint probability is obtained by multiplying
together all probabilities on a particular branch. For example, the probability that the
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company will, if Stage 1 is undertaken, move through Stages 2 and 3, and that a strong
demand will produce $18,000,000 of inflows, is (0.8)(0.6)(0.3) = 0.144 = 14.4%.

The company has a cost of capital of 11.5 percent, and management assumes ini-
tially that the project is of average risk. The NPV of the top (most favorable) branch
as shown in the next to last column is $25,635 (in thousands of dollars):

_$1,000  $10,000 = $18,000 = $18,000 = $18,000

~$300 (1115 (1.115)?%  (1.115° (1115 @.115)°
$25,635.

NPV

The NPVs for other branches were calculated similarly.

The last column in Figure 8-3 gives the product of the NPV for each branch times
the joint probability of that branch, and the sum of these products is the project’s ex-
pected NPV. Based on the expectations set forth in Figure 8-3 and a cost of capital of
11.5 percent, the project’s expected NPV is $2.758 million.

As this example shows, decision tree analysis requires managers to explicitly artic-
ulate the types of risk a project faces and to develop responses to potential scenarios.
Note also that our example could be extended to cover many other types of decisions,
and could even be incorporated into a simulation analysis. All in all, decision tree
analysis is a valuable tool for analyzing project risk.

A relatively new area of capital budgeting is called real options analysis. We discuss
this in much more detail in Chapter 17, but a real option exists any time a manager has
an opportunity to alter a project in response to changing market conditions. Chapter
17 shows several methods for evaluating real options, including the use of decision
tree analysis."’

What is a decision tree? A branch? A node?

Throughout the book, we have indicated that the value of any asset depends on the
amount, timing, and riskiness of the cash flows it produces. In this chapter, we devel-
oped a framework for analyzing a project’s cash flows and risk. The key concepts cov-
ered are listed below.

e The most important (and most difficult) step in analyzing a capital budgeting proj-
ect is estimating the incremental after-tax cash flows the project will produce.

e Project cash flow is different from accounting income. Project cash flow reflects:
(1) cash outlays for fixed assets, (2) the tax shield provided by depreciation,
and (3) cash flows due to changes in net operating working capital. Project cash
flow does not include interest payments.

e In determining incremental cash flows, opportunity costs (the cash flows for-
gone by using an asset) must be included, but sunk costs (cash outlays that have

In the United Robotics example we glossed over an important issue, namely, the appropriate cost of capi-
tal for the project. Adding decision nodes to a project clearly changes its risk, so we would expect the cost of
capital for a project with few decision nodes to have a different risk than one with many nodes. If this were
so, we would expect the projects to have different costs of capital. In fact, we might expect the cost of capi-
tal to change over time as the project moves to different stages, since the stages themselves differ in risk. We
discuss these issues in more detail in Chapter 17.
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been made and that cannot be recouped) are not included. Any externalities (ef-
fects of a project on other parts of the firm) should also be reflected in the analysis.
Cannibalization occurs when a new project leads to a reduction in sales of an
existing product.

Tax laws affect cash flow analysis in two ways: (1) They reduce operating cash flows,
and (2) they determine the depreciation expense that can be taken in each year.
Capital projects often require additional investments in net operating working
capital NOWC).

The incremental cash flows from a typical project can be classified into three cate-
gories: (1) initial investment outlay, (2) operating cash flows over the project’s
life, and (3) terminal year cash flows.

Inflation effects must be considered in project analysis. The best procedure is to
build expected inflation into the cash flow estimates.

Since stockholders are generally diversified, market risk is theoretically the most
relevant measure of risk. Market, or beta, risk is important because beta affects the
cost of capital, which, in turn, affects stock prices.

Corporate risk is important because it influences the firm’s ability to use low-cost
debt, to maintain smooth operations over time, and to avoid crises that might con-
sume management’s energy and disrupt its employees, customers, suppliers, and
community.

Sensitivity analysis is a technique that shows how much a project’s NPV will
change in response to a given change in an input variable such as sales, other things
held constant.

Scenario analysis is a risk analysis technique in which the best- and worst-case
NPVs are compared with the project’s expected NPV.

Monte Carlo simulation is a risk analysis technique that uses a computer to sim-
ulate future events and thus to estimate the profitability and riskiness of a project.
The risk-adjusted discount rate, or project cost of capital, is the rate used to
evaluate a particular project. It is based on the corporate WACC, which is in-
creased for projects that are riskier than the firm’s average project but decreased
for less risky projects.

Decision tree analysis shows how different decisions in a project’s life affect its
value.

Define each of the following terms:

-0 e T

. Cash flow; accounting income

. Incremental cash flow; sunk cost; opportunity cost

. Net operating working capital changes; salvage value

. Real rate of return, r,, versus nominal rate of return, r,,

. Sensitivity analysis; scenario analysis; Monte Carlo simulation analysis
. Risk-adjusted discount rate; project cost of capital

Operating cash flows, rather than accounting profits, are listed in Table 8-3. What is the basis
for this emphasis on cash flows as opposed to net income?

Why is it true, in general, that a failure to adjust expected cash flows for expected inflation bi-
ases the calculated NPV downward?

Explain why sunk costs should not be included in a capital budgeting analysis, but opportunity
costs and externalities should be included.

Explain how net operating working capital is recovered at the end of a project’ life, and why it
is included in a capital budgeting analysis.

Define (a) simulation analysis, (b) scenario analysis, and (c) sensitivity analysis.
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Self-Test Problems (solutions Appear in Appendix A)

ST-1

NEW PROJECT ANALYSIS
ST-2

CORPORATE RISK ANALYSIS

Problems

8-1

INVESTMENT OUTLAY
8-2

OPERATING CASH FLOW

You have been asked by the president of the Farr Construction Company to evaluate the pro-
posed acquisition of a new earth mover. The mover’s basic price is $50,000, and it would cost
another $10,000 to modify it for special use. Assume that the mover falls into the MACRS
3-year class, it would be sold after 3 years for $20,000, and it would require an increase in net
working capital (spare parts inventory) of $2,000. The earth mover would have no effect on rev-
enues, but it is expected to save the firm $20,000 per year in before-tax operating costs, mainly
labor. The firm’s marginal federal-plus-state tax rate is 40 percent.

a. What is the net cost of the earth mover? (That is, what are the Year 0 cash flows?)

b. What are the operating cash flows in Years 1, 2, and 3?

c. What are the additional (nonoperating) cash flows in Year 3?

d. If the project’s cost of capital is 10 percent, should the earth mover be purchased?

The staff of Porter Manufacturing has estimated the following net after-tax cash flows and
probabilities for a new manufacturing process:

Net After-Tax Cash Flows

Year P=0.2 P=0.6 P=0.2
0 ($100,000) ($100,000) ($100,000)
1 20,000 30,000 40,000
2 20,000 30,000 40,000
3 20,000 30,000 40,000
4 20,000 30,000 40,000
5 20,000 30,000 40,000
5* 0 20,000 30,000

Line 0 gives the cost of the process, Lines 1 through 5 give operating cash flows, and Line 5*
contains the estimated salvage values. Porter’s cost of capital for an average-risk project is 10
percent.

a. Assume that the project has average risk. Find the project’s expected NPV. (Hint: Use ex-
pected values for the net cash flow in each year.)

b. Find the best-case and worst-case NPVs. What is the probability of occurrence of the worst
case if the cash flows are perfectly dependent (perfectly positively correlated) over time? If
they are independent over time?

c. Assume that all the cash flows are perfectly positively correlated, that is, there are only three
possible cash flow streams over time: (1) the worst case, (2) the most likely, or base, case, and
(3) the best case, with probabilities of 0.2, 0.6, and 0.2, respectively. These cases are repre-
sented by each of the columns in the table. Find the expected NPV, its standard deviation,
and its coefficient of variation.

Johnson Industries is considering an expansion project. The necessary equipment could be pur-
chased for $9 million, and the project would also require an initial $3 million investment in net
operating working capital. The company’s tax rate is 40 percent. What is the project’s initial
investment outlay?

Nixon Communications is trying to estimate the first-year operating cash flow (at t = 1) for a
proposed project. The financial staff has collected the following information:

Projected sales $10 million
Operating costs (not including depreciation) $7 million
Depreciation $2 million

Interest expense $2 million
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The company faces a 40 percent tax rate. What is the project’s operating cash flow for the first
year (t = 1)?

Carter Air Lines is now in the terminal year of a project. The equipment originally cost $20
million, of which 80 percent has been depreciated. Carter can sell the used equipment today to
another airline for $5 million, and its tax rate is 40 percent. What is the equipment’s after-tax
net salvage value?

The Campbell Company is evaluating the proposed acquisition of a new milling machine. The

machine’s base price is $108,000, and it would cost another $12,500 to modify it for special use by

your firm. The machine falls into the MACRS 3-year class, and it would be sold after 3 years for

$65,000. The machine would require an increase in net working capital (inventory) of $5,500.

The milling machine would have no effect on revenues, butitis expected to save the firm $44,000

per year in before-tax operating costs, mainly labor. Campbell’s marginal tax rate is 35 percent.

a. What is the net cost of the machine for capital budgeting purposes? (That is, what is the Year
0 net cash flow?)

b. What are the net operating cash flows in Years 1, 2, and 3?

c. What is the terminal year cash flow?

d. If the project’s cost of capital is 12 percent, should the machine be purchased?

You have been asked by the president of your company to evaluate the proposed acquisition of a
new spectrometer for the firm’s R&D department. The equipment’s basic price is $70,000, and it
would costanother $15,000 to modify it for special use by your firm. The spectrometer, which falls
into the MACRS 3-year class, would be sold after 3 years for $30,000. Use of the equipment would
require an increase in net working capital (spare parts inventory) of $4,000. The spectrometer
would have no effect on revenues, but itis expected to save the firm $25,000 per year in before-tax
operating costs, mainly labor. The firm’s marginal federal-plus-state tax rate is 40 percent.

a. What is the net cost of the spectrometer? (That is, what is the Year 0 net cash flow?)

b. What are the net operating cash flows in Years 1, 2, and 3?

c. What is the additional (nonoperating) cash flow in Year 3?

d. If the project’s cost of capital is 10 percent, should the spectrometer be purchased?

The Rodriguez Company is considering an average-risk investment in a mineral water spring
project that has a cost of $150,000. The project will produce 1,000 cases of mineral water per
year indefinitely. The current sales price is $138 per case, and the current cost per case (all vari-
able) is $105. The firm is taxed at a rate of 34 percent. Both prices and costs are expected to rise
at a rate of 6 percent per year. The firm uses only equity, and it has a cost of capital of 15 per-
cent. Assume that cash flows consist only of after-tax profits, since the spring has an indefinite
life and will not be depreciated.

a. Should the firm accept the project? (Hint: The project is a perpetuity, so you must use the
formula for a perpetuity to find its NPV.)

b. If total costs consisted of a fixed cost of $10,000 per year and variable costs of $95 per unit,
and if only the variable costs were expected to increase with inflation, would this make the
project better or worse? Continue with the assumption that the sales price will rise with
inflation.

Shao Industries is considering a proposed project for its capital budget. The company estimates
that the project’s NPV is $12 million. This estimate assumes that the economy and market con-
ditions will be average over the next few years. The company’s CFO, however, forecasts that
there is only a 50 percent chance that the economy will be average. Recognizing this uncer-
tainty, she has also performed the following scenario analysis:

Economic Scenario Probability of Outcome NPV

Recession 0.05 ($70 million)
Below average 0.20 (25 million)
Average 0.50 12 million
Above average 0.20 20 million
Boom 0.05 30 million

What is the project’s expected NPV, its standard deviation, and its coefficient of variation?
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8-8
RISKY CASH FLOWS

8-9
SIMULATION

The Bartram-Pulley Company (BPC) must decide between two mutually exclusive investment
projects. Each project costs $6,750 and has an expected life of 3 years. Annual net cash flows
from each project begin 1 year after the initial investment is made and have the following prob-
ability distributions:

Project A Project B
Probability Net Cash Flows Probability Net Cash Flows
0.2 $6,000 0.2 $ 0
0.6 6,750 0.6 6,750
0.2 7,500 0.2 18,000

BPC has decided to evaluate the riskier project at a 12 percent rate and the less risky project at

a 10 percent rate.

a. What s the expected value of the annual net cash flows from each project? What is the coef-
ficient of variation (CV)? (Hint: og = $5,798 and CVy = 0.76.)

b. What is the risk-adjusted NPV of each project?

c. If it were known that Project B was negatively correlated with other cash flows of the firm
whereas Project A was positively correlated, how would this knowledge affect the decision?
If Project B’ cash flows were negatively correlated with gross domestic product (GDP),
would that influence your assessment of its risk?

Singleton Supplies Corporation (SSC) manufactures medical products for hospitals, clinics, and
nursing homes. SSC may introduce a new type of X-ray scanner designed to identify certain
types of cancers in their early stages. There are a number of uncertainties about the proposed
project, but the following data are believed to be reasonably accurate.

Probability Value Random Numbers

Developmental costs 0.3 $2,000,000 00-29
0.4 4,000,000 30-69

0.3 6,000,000 70-99

Project life 0.2 3 years 00-19
0.6 8 years 20-79

0.2 13 years 80-99

Sales in units 0.2 100 00-19
0.6 200 20-79

0.2 300 80-99

Sales price 0.1 $13,000 00-09
0.8 13,500 10-89

0.1 14,000 90-99

Cost per unit (excluding developmental 0.3 $5,000 00-29
costs) 0.4 6,000 30-69
0.3 7,000 70-99

SSC uses a cost of capital of 15 percent to analyze average-risk projects, 12 percent for low-risk
projects, and 18 percent for high-risk projects. These risk adjustments reflect primarily the un-
certainty about each project’s NPV and IRR as measured by the coefficients of variation of NPV
and IRR. SSC is in the 40 percent federal-plus-state income tax bracket.

a. What is the expected IRR for the X-ray scanner project? Base your answer on the expected
values of the variables. Also, assume the after-tax “profits” figure you develop is equal to an-
nual cash flows. All facilities are leased, so depreciation may be disregarded. Can you deter-
mine the value of o rg short of actual simulation or a fairly complex statistical analysis?

b. Assume that SSC uses a 15 percent cost of capital for this project. What is the proj-
ect’s NPV? Could you estimate onpy without either simulation or a complex statistical
analysis?
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c. Show the process by which a computer would perform a simulation analysis for this project.
Use the random numbers 44, 17, 16, 58, 1; 79, 83, 86; and 19, 62, 6 to illustrate the process
with the first computer run. Actually calculate the first-run NPV and IRR. Assume that the
cash flows for each year are independent of cash flows for other years. Also, assume that the
computer operates as follows: (1) A developmental cost and a project life are estimated for
the first run. (2) Next, sales volume, sales price, and cost per unit are estimated and used to
derive a cash flow for the first year. (3) Then, the next three random numbers are used to es-
timate sales volume, sales price, and cost per unit for the second year, hence the cash flow for
the second year. (4) Cash flows for other years are developed similarly, on out to the first
run’s estimated life. (5) With the developmental cost and the cash flow stream established,
NPV and IRR for the first run are derived and stored in the computer’s memory. (6) The
process is repeated to generate perhaps 500 other NPVs and IRRs. (7) Frequency distribu-
tions for NPV and IRR are plotted by the computer, and the distributions’ means and
standard deviations are calculated.

The Yoran Yacht Company (YYC), a prominent sailboat builder in Newport, may design a new
30-foot sailboat based on the “winged” keels first introduced on the 12-meter yachts that raced
for the America’s Cup.

First, YYC would have to invest $10,000 at t = 0 for the design and model tank testing of the
new boat. YYC’s managers believe that there is a 60 percent probability that this phase will be
successful and the project will continue. If Stage 1 is not successful, the project will be aban-
doned with zero salvage value.

The next stage, if undertaken, would consist of making the molds and producing two proto-
type boats. This would cost $500,000 at t = 1. If the boats test well, YYC would go into pro-
duction. If they do not, the molds and prototypes could be sold for $100,000. The managers es-
timate that the probability is 80 percent that the boats will pass testing, and that Stage 3 will be
undertaken.

Stage 3 consists of converting an unused production line to produce the new design. This
would cost $1,000,000 at t = 2. If the economy is strong at this point, the net value of sales
would be $3,000,000, while if the economy is weak, the net value would be $1,500,000. Both net
values occur at t = 3, and each state of the economy has a probability of 0.5. YYC’ corporate
cost of capital is 12 percent.

a. Assume that this project has average risk. Construct a decision tree and determine the proj-
ect’s expected NPV.
b. Find the project’s standard deviation of NPV and coefficient of variation (CV) of NPV. If

YYC’s average project had a CV of between 1.0 and 2.0, would this project be of high, low,

or average stand-alone risk?

Spreadsheet Problem

BUILD A MODEL: ISSUES
IN CAPITAL BUDGETING

8-11

Start with the partial model in the file Ch 08 P11 Build a Model.xls from the textbook’s web
site. Webmasters.com has developed a powerful new server that would be used for corpora-
tions’ Internet activities. It would cost $10 million to buy the equipment necessary to manu-
facture the server, and it would require net operating working capital equal to 10 percent of
sales. The servers would sell for $24,000 per unit, and Webmasters believes that variable costs
would amount to $17,500 per unit. After the first year the sales price and variable costs will in-
crease at the inflation rate of 3 percent. The company’ fixed costs would be $1 million per year
and would increase with inflation. It would take 1 year to buy the required equipment and set
up operations, and the server project would have a life of 4 years. If the project is undertaken,
it must be continued for the entire 4 years. Also, the project’s returns are expected to be highly
correlated with returns on the firm’s other assets. The firm believes it could sell 1,000 units per
year.

The equipment would be depreciated over a 5-year period, using MACRS rates. The esti-
mated market value of the equipment at the end of the project’s 4-year life is $500,000.
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See Ch 08 Show.ppt and
Ch 08 Mini Case.xls.

Webmasters’ federal-plus-state tax rate is 40 percent. Its cost of capital is 10 percent for
average-risk projects, defined as projects with a coefficient of variation of NPV between 0.8 and
1.2. Low-risk projects are evaluated with a WACC of 8 percent, and high-risk projects at 13
percent.

a. Develop a spreadsheet model and use it to find the project’s NPV, IRR, and payback.

b. Now conduct a sensitivity analysis to determine the sensitivity of NPV to changes in the
sales price, variable costs per unit, and number of units sold. Set these variables’ values at 10
percent and 20 percent above and below their base-case values. Include a graph in your
analysis.

c. Now conduct a scenario analysis. Assume that there is a 25 percent probability that “best-
case” conditions, with each of the variables discussed in part b being 20 percent better than its
base-case value, will occur. There is a 25 percent probability of “worst-case” conditions, with
the variables 20 percent worse than base, and a 50 percent probability of base-case conditions.

d. If the project appears to be more or less risky than an average project, find its risk-adjusted
NPV, IRR, and payback.

e. On the basis of information in the problem, would you recommend that the project be ac-
cepted?

John Crockett Furniture Company is considering adding a new line to its product mix, and the
capital budgeting analysis is being conducted by Joan Samuels, a recently graduated MBA. The
production line would be set up in unused space in Crockett’s main plant. The machinery’s in-
voice price would be approximately $200,000, another $10,000 in shipping charges would be re-
quired, and it would cost an additional $30,000 to install the equipment. The machinery has an
economic life of 4 years, and Crockett has obtained a special tax ruling that places the equip-
ment in the MACRS 3-year class. The machinery is expected to have a salvage value of $25,000
after 4 years of use.

The new line would generate incremental sales of 1,250 units per year for 4 years at an in-
cremental cost of $100 per unit in the first year, excluding depreciation. Each unit can be sold
for $200 in the first year. The sales price and cost are both expected to increase by 3 percent per
year due to inflation. Further, to handle the new line, the firm’s net operating working capital
would have to increase by an amount equal to 12 percent of sales revenues. The firm’s tax rate is
40 percent, and its overall weighted average cost of capital is 10 percent.

a. Define “incremental cash flow.”
(1) Should you subtract interest expense or dividends when calculating project cash flow?
(2) Suppose the firm had spent $100,000 last year to rehabilitate the production line site.
Should this be included in the analysis? Explain.
(3) Now assume that the plant space could be leased out to another firm at $25,000 per year.
Should this be included in the analysis? If so, how?
(4) Finally, assume that the new product line is expected to decrease sales of the firm’s other
lines by $50,000 per year. Should this be considered in the analysis? If so, how?
b. Disregard the assumptions in part a. What is Crockett’s depreciable basis? What are the an-
nual depreciation expenses?
c. Calculate the annual sales revenues and costs (other than depreciation). Why is it important
to include inflation when estimating cash flows?
d. Construct annual incremental operating cash flow statements.
e. Estimate the required net operating working capital for each year and the cash flow due to
investments in net operating working capital.
f. Calculate the after-tax salvage cash flow.
g. Calculate the net cash flows for each year. Based on these cash flows, what are the project’s

NPV, IRR, MIRR, and payback? Do these indicators suggest that the project should be un-

dertaken?
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. What does the term “risk” mean in the context of capital budgeting; to what extent can risk
be quantified; and when risk is quantified, is the quantification based primarily on statistical
analysis of historical data or on subjective, judgmental estimates?

i. (1) What are the three types of risk that are relevant in capital budgeting?

(2) How is each of these risk types measured, and how do they relate to one another?

(3) How is each type of risk used in the capital budgeting process?

j. (1) What is sensitivity analysis?

(2) Perform a sensitivity analysis on the unit sales, salvage value, and cost of capital for the
project. Assume that each of these variables can vary from its base-case, or expected,
value by = 10, 20, and 30 percent. Include a sensitivity diagram, and discuss the results.

(3) What is the primary weakness of sensitivity analysis? What is its primary usefulness?

. Assume that Joan Samuels is confident of her estimates of all the variables that affect the

project’s cash flows except unit sales and sales price. If product acceptance is poor, unit sales

would be only 900 units a year and the unit price would only be $160; a strong consumer re-
sponse would produce sales of 1,600 units and a unit price of $240. Joan believes that there
is a 25 percent chance of poor acceptance, a 25 percent chance of excellent acceptance, and

a 50 percent chance of average acceptance (the base case).

(1) What is scenario analysis?

(2) What is the worst-case NPV? The best-case NPV?

(3) Use the worst-, most likely, and best-case NPVs and probabilities of occurrence to find
the project’s expected NPV, standard deviation, and coefficient of variation.

. Are there problems with scenario analysis? Define simulation analysis, and discuss its prin-

cipal advantages and disadvantages.

. (1) Assume that Crockett’s average project has a coefficient of variation in the range of 0.2

to 0.4. Would the new furniture line be classified as high risk, average risk, or low risk?
What type of risk is being measured here?

(2) Crockett typically adds or subtracts 3 percentage points to the overall cost of capital to
adjust for risk. Should the new furniture line be accepted?

(3) Are there any subjective risk factors that should be considered before the final decision

is made?

Selected Additional References and Cases

Several articles bave been written regarding the implications of
the Accelerated Cost Recovery System (ACRS). Among them are
the following:

Angell, RobertJ., and Tony R. Wingler, “A Note on Expens-
ing versus Depreciating Under the Accelerated Cost Re-
covery System,” Financial Management, Winter 1982,
34-35.

McCarty, Daniel E., and William R. McDaniel, “A Note on
Expensing versus Depreciating Under the Accelerated
Cost Recovery System: Comment,” Financial Manage-
ment, Summer 1983, 37-39.

Three additional papers on the effect of inflation on capital budget-
ing are the following:

Bailey, Andrew D., and Daniel L. Jensen, “General Price
Level Adjustments in the Capital Budgeting Decision,”
Financial Management, Spring 1977, 26-32.

Mehta, Dileep R., Michael D. Curley, and Hung-Gay Fung,
“Inflation, Cost of Capital, and Capital Budgeting Proce-
dures,” Financial Management, Winter 1984, 48-54.

Rappaport, Alfred, and Robert A. Taggart, Jr., “Evaluation
of Capital Expenditure Proposals Under Inflation,” Fi-
nancial Management, Spring 1982, 5-13.

The following articles pertain to other topics in this chapter:

Kroll, Yoram, “On the Differences between Accrual Ac-
counting Figures and Cash Flows: The Case of Working
Capital,” Financial Management, Spring 1985, 75-82.

Mukherjee, Tarun K., “Reducing the Uncertainty-Induced
Bias in Capital Budgeting Decisions—A Hurdle Rate Ap-
proach,” Fournal of Business Finance & Accounting, Sep-
tember 1991, 747-753.
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The literature on visk analysis in capital budgeting is vast; bere is
a small but useful selection of additional references that bear di-
rectly on the topics covered in this chapter:

Ang, James S., and Wilbur G. Lewellen, “Risk Adjustment
in Capital Investment Project Evaluations,” Financial
Management, Summer 1982, 5-14.

Bower, Richard S., and Jeffrey M. Jenks, “Divisional Screen-
ing Rates,” Financial Management, Autumn 1975, 42-49.

Butler, J. S., and Barry Schachter, “The Investment Deci-
sion: Estimation Risk and Risk Adjusted Discount
Rates,” Financial Management, Winter 1989, 13-22.

Gup, Benton E., and S. W. Norwood III, “Divisional Cost of
Capital: A Practical Approach,” Financial Management,
Spring 1982, 20-24.

Weaver, Samuel C., Peter J. Clemmens III, Jack A. Gunn,
and Bruce D. Danneburg, “Divisional Hurdle Rates and
the Cost of Capital,” Financial Management, Spring 1989,
18-25.

The Cases in Financial Management series contains the follow-
ing cases that focus on capital budgeting under uncertainty:

Case 12, “Indian River Citrus Company (A),” Case 12A,
“Cranfield, Inc. (A),” Case 14, “Robert Montoya, Inc.”
focus on cash flow estimation. Case 13, “Indian River
Citrus (B),” Case 13A, “Cranfield, Inc. (B),” Case 13B,
“Tasty Foods (B),” Case 13C, “Heavenly Foods,” and
Case 15, “Robert Montoya, Inc. (B),” illustrate project
risk analysis. Case 58, “Universal Corporation,” is a com-
prehensive case that illustrates Chapters 13 and 14, as do
Cases 47 and 48, “The Western Company (A and B).”
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Suppose you are a small investor who knows a little about finance and accounting.
Could you compete successfully against large institutional investors with armies of an-
alysts, high-powered computers, and state-of-the-art trading strategies?

The answer, according to one Wall Street legend, is a resounding yes! Peter
Lynch, who had an outstanding track record as manager of the $10 billion Fidelity
Magellan fund and then went on to become the best-selling author of One Up on Wall
Street and Beating the Street, has long argued that small investors can beat the mar-
ket by using common sense and information available to all of us as we go about our
day-to-day lives.

For example, a college student may be more adept at scouting out the new and
interesting products that will become tomorrow’s success stories than is an investment
banker who works 75 hours a week in a New York office. Parents of young children are
likely to know which baby foods will succeed, or which diapers are best. Couch pota-
toes may have the best feel for which tortilla chips have the brightest future, or
whether a new remote control is worth its price.

The trick is to find a product that will boom, yet whose manufacturer's stock is
undervalued. If this sounds too easy, you are right. Lynch argues that once you have
discovered a good product, there is still much homework to be done. This involves
combing through the vast amount of financial information provided by companies. It
also requires taking a closer and more critical look at how the company conducts its
business—Lynch refers to this as “kicking the tires.”

To illustrate his point, Lynch relates his experience with Dunkin’ Donuts. As a
consumer, Lynch was impressed with the quality of the product. This impression led
him to take a closer look at the company’s financial statements and operations. He
liked what he saw, and Dunkin’ Donuts became one of his all-time best investments.

The next two chapters discuss what financial statements are and how they are
analyzed. Once you have identified a good product as a possible investment, the
principles discussed in these chapters will help you “kick the tires.”
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The textbook's web site
contains an Excel file that
will guide you through the
chapter’s calculations. The
file for this chapter is Ch 09
Tool Kit.xls, and we encour-
age you to open the file and
follow along as you read the
chapter.

A manager’s primary goal is to maximize the value of his or her firm’s stock. Value is
based on the stream of cash flows the firm will generate in the future. But how does an
investor go about estimating future cash flows, and how does a manager decide which
actions are most likely to increase cash flows? The answers to both questions lie in a
study of the financial statements that publicly traded firms must provide to investors.
Here “investors” include both institutions (banks, insurance companies, pension
funds, and the like) and individuals. Thus, this chapter begins with a discussion of
what the basic financial statements are, how they are used, and what kinds of financial
information users need.

The value of any business asset—whether it is a financial asset such as a stock or a
bond, or a real (physical) asset such as land, buildings, and equipment—depends on the
usable, after-tax cash flows the asset is expected to produce. Therefore, the chapter
also explains the difference between accounting income and cash flow. Finally, since it
is after-tax cash flow that is important, the chapter provides an overview of the federal
income tax system.

Much of the material in this chapter reviews concepts covered in basic accounting
courses. However, the information is important enough to go over again. Accounting
is used to “keep score,” and if a firm’s managers do not know the score, they won’t
know if their actions are appropriate. If you took midterm exams but were not told
how you were doing, you would have a difficult time improving your grades. The
same thing holds in business. If a firm’s managers—whether they are in marketing,
personnel, production, or finance—do not understand financial statements, they will
not be able to judge the effects of their actions, and the firm will not be successful. Al-
though only accountants need to know how to muake financial statements, everyone in-
volved with business needs to know how to interpret them.

Financial Statements and Reports

For an excellent example of
a corporate annual report,
take a look at 3M’s annual
report found at http://
www.mmm.com. Search for
"annual report” to find the
latest report. A source for
links to the annual reports of
many companies is WWw.
annualreportservice.com.

Of the various reports corporations issue to their stockholders, the annual report is
probably the most important. Two types of information are given in this report. First,
there is a verbal section, often presented as a letter from the chairman, that describes
the firm’s operating results during the past year and discusses new developments that
will affect future operations. Second, the annual report presents four basic financial
statements—the balance sheet, the income statement, the statement of retained earnings,
and the statement of cash flows. Taken together, these statements give an accounting pic-
ture of the firm’s operations and financial position. Detailed data are provided for the
two or three most recent years, along with historical summaries of key operating sta-
tistics for the past five or ten years.

The quantitative and verbal materials are equally important. The financial state-
ments report what has actually bappened to assets, earnings, and dividends over the past
few years, whereas the verbal statements attempt to explain why things turned out the
way they did.

For illustrative purposes, we use data on MicroDrive Inc., a producer of disk
drives for microcomputers. Formed in 1982, MicroDrive has grown steadily and has
earned a reputation for being one of the best firms in the microcomputer components
industry. MicroDrive’s earnings dropped a bit in 2002, to $113.5 million versus $117.8

"Firms also provide quarterly reports, but these are much less comprehensive. In addition, larger firms file
even more detailed statements, giving breakdowns for each major division or subsidiary, with the Securities
and Exchange Commission (SEC). These reports, called 10-K reports, are made available to stockholders
upon request to a company’s corporate secretary. Finally, see http://www.edgarscan.com for an online
source of these reports, available in spreadsheets.
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million in 2001. Management reported that the decline resulted from a three-month
strike that kept the firm from fully utilizing a new plant that had been financed mostly
with debt. However, management went on to paint a more optimistic picture for the
future, stating that full operations had been resumed, that several new products had
been introduced, and that 2003 profits were expected to rise sharply. Of course, the
profit increase may not occur, and analysts should compare management’s past state-
ments with subsequent results when judging the credibility of the projected improve-
ment. In any event, the information contained in an annual report is used by investors to belp
form expectations about future earnings and dividends. Therefore, the annual report is ob-
viously of great interest to investors.

What is the annual report, and what two types of information are given in it?
Why is the annual report of great interest to investors?

What four types of financial statements are typically included in the annual report?

The Balance Sheet

Y ¥
Yl Tl

See Ch 09 Tool Kit.xls
for details.

The left-hand side of MicroDrive’s year-end 2002 and 2001 balance sheets, which
are given in Table 9-1, shows the firm’s assets, while the right-hand side shows the
liabilities and equity, or the claims against these assets. The assets are listed in order
of their “liquidity,” or the length of time it typically takes to convert them to cash. The
claims are listed in the order in which they must be paid: Accounts payable must
generally be paid within 30 days, notes payable within 90 days, and so on, down to
the stockholders’ equity accounts, which represent ownership and need never be
“paid off.”
Some additional points about the balance sheet are worth noting:

1. Cash versus other assets. Although the assets are all stated in terms of dollars,
only cash represents actual money. Note, though, that some types of marketable
securities have a very short time until maturity and can also be converted very
quickly into cash at prices close to their book values. These securities are called

TABLE 9-1 MicroDrive Inc.: December 31 Balance Sheets (Millions of Dollars)

Assets 2002 2001 Liabilities and Equity 2002 2001
Cash and equivalents $ 10 $ 15 Accounts payable $ 60 $ 30
Short-term investments 0 65 Notes payable 110 60
Accounts receivable 375 315 Accruals 140 130
Inventories 615 415 Total current liabilities $ 310 $ 220
Total current assets $1,000 $ 810 Long-term bonds 754 580
Net plant and equipment 1,000 870 Total liabilities $1,064 $ 800
Preferred stock (400,000 shares) 40 40
Common stock (50,000,000 shares) 130 130
Retained earnings 766 710
Total common equity $ 896 $ 840
Total assets $ 2,000 $1,680 Total liabilities and equity $ 2,000 $1,680

Note: The bonds have a sinking fund requirement of $20 million a year. Sinking funds are discussed in Chapter 4, but in brief, a sinking fund simply in-
volves the repayment of long-term debt. Thus, MicroDrive was required to pay off $20 million of its mortgage bonds during 2002. The current portion of
the long-term debt is included in notes payable here, although in a more detailed balance sheet it would be shown as a separate item under current

liabilities.
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“cash equivalents,” and they are included with cash. Other types of marketable
securities have a longer time until maturity, and their market values are less pre-
dictable. These securities are classified as “short-term investments.” Receivables
are bills others owe MicroDrive, while inventories show the dollars the company
has invested in raw materials, work-in-process, and finished goods available for
sale. Finally, net plant and equipment reflect the amount of money MicroDrive
paid for its fixed assets when it acquired those assets in the past, less accumulated
depreciation.

With $10 million of cash, MicroDrive can write checks for a total of $10 mil-
lion (versus current liabilities of $310 million due within a year). The noncash
assets should produce cash over time, but they do not represent cash in hand, and
the amount of cash they would bring if they were sold today could be higher or
lower than the values at which they are carried on the books.

. Liabilities versus stockholders’ equity. The claims against assets are of two

types—liabilities (or money the company owes) and the stockholders’ ownership
position.” The common stockholders’ equity, or net worth, is a residual. For ex-
ample, at the end of 2002,

e _ Common
$2,0Assets — $1,Liabilities — Preferred stock = stockholders’ equity.
$2,000,000,000 — $1,064,000,000 — P$40,000,000 = st0$896,000,000.

Suppose assets decline in value; for example, suppose some of the accounts receiv-
able are written off as bad debts. Liabilities and preferred stock remain constant, so
the value of the common stockholders’ equity must decline. Therefore, the risk of
asset value fluctuations is borne primarily by the common stockholders. Note,
however, that if asset values rise (perhaps because of inflation), these benefits will
accrue exclusively to the common stockholders.

. Preferred versus common stock. Preferred stock is a hybrid, or a cross between

common stock and debt. In the event of bankruptcy, preferred stock ranks below
debt but above common stock. Also, the preferred dividend is fixed, so preferred
stockholders do not benefit if the company’s earnings grow. Finally, many firms do
not use any preferred stock, and those that do generally do not use much of it.
Therefore, when the term “equity” is used in finance, we generally mean “common
equity” unless the word “total” is included.

. Breakdown of the common equity accounts. The common equity section is di-

vided into two accounts—“common stock” and “retained earnings.” The retained
earnings account is built up over time as the firm “saves” a part of its earnings
rather than paying all earnings out as dividends. The common stock account arises
from the issuance of stock to raise capital, as discussed in Chapter 5.

The breakdown of the common equity accounts is important for some purposes
but not for others. For example, a potential stockholder would want to know
whether the company actually earned the funds reported in its equity accounts or
whether the funds came mainly from selling stock. A potential creditor, on the
other hand, would be more interested in the total equity the owners have in the
firm and would be less concerned with the source of the equity. In the remainder of
this chapter, we generally aggregate the two common equity accounts and call this
sum equity, common equity, or net worth.

2One could divide liabilities into (1) debts owed to someone and (2) other items, such as deferred taxes, re-
serves, and so on. Because we do not make this distinction, the terms debt and liabilities are often used syn-
onymously.
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5. Inventory accounting. MicroDrive uses the FIFO (first-in, first-out) method to
determine the inventory value shown on its balance sheet ($615 million). It could
have used the LIFO (last-in, first-out) method. During a period of rising prices, by
taking out old, low-cost inventory and leaving in new, high-cost items, FIFO will
produce a higher balance sheet inventory value but a lower cost of goods sold on
the income statement. (This is strictly accounting; companies actually use older
items first.) Since MicroDrive uses FIFO, and since inflation has been occurring,
(a) its balance sheet inventories are higher than they would have been had it used
LIFO, (b) its cost of goods sold is lower than it would have been under LIFO, and
(c) its reported profits are therefore higher. In MicroDrive’s case, if the company
had elected to switch to LIFO in 2002, its balance sheet figure for inventories
would have been $585,000,000 rather than $615,000,000, and its earnings (which
will be discussed in the next section) would have been reduced by $18,000,000.
Thus, the inventory valuation method can have a significant effect on financial
statements. This is important when an analyst is comparing different companies.

6. Depreciation methods. Most companies prepare two sets of financial statements—
one for tax purposes and one for reporting to stockholders. Generally, they use the
most accelerated method permitted under the law to calculate depreciation for tax
purposes, but they use straight line, which results in a lower depreciation charge, for
stockholder reporting. However, MicroDrive has elected to use rapid depreciation
for both stockholder reporting and tax purposes. Had MicroDrive elected to use
straight line depreciation for stockholder reporting, its 2002 depreciation expense
would have been $25,000,000 less, so the $1 billion shown for “net plant” on its bal-
ance sheet would have been $25,000,000 higher. Its net income and its retained
earnings would also have been higher.

7. The time dimension. The balance sheet may be thought of as a snapshot of the
firm’s financial position at # point in time—for example, on December 31, 2001.
Thus, on December 31, 2001, MicroDrive had $15 million of cash and marketable
securities, but this account had been reduced to $10 million by the end of 2002.
The balance sheet changes every day as inventories are increased or decreased, as
fixed assets are added or retired, as bank loans are increased or decreased, and so
on. Companies whose businesses are seasonal have especially large changes in their
balance sheets. For example, most retailers have large inventories just before
Christmas but low inventories and high accounts receivable just after Christmas.
Therefore, firms’ balance sheets change over the year, depending on when the
statement is constructed.

What is the balance sheet, and what information does it provide?
Self-Test i
Questions How is the order of the information shown on the balance sheet determined?

Why might a company’s December 31 balance sheet differ from its June 30 bal-
ance sheet?

The Income Statement

Table 9-2 gives the 2002 and 2001 income statements for MicroDrive. Net sales are
shown at the top of each statement, after which various costs are subtracted to obtain
the net income available to common shareholders, which is generally referred to sim-
ply as net income. These costs include operating costs, interest costs, and taxes. A
report on earnings and dividends per share is given at the bottom of the income
statement. Earnings per share (EPS) is called “the bottom line,” denoting that of all
the items on the income statement, EPS is the most important. MicroDrive earned
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TABLE 9-2 MicroDrive Inc.: Income Statements for Years Ending December 31
(Millions of Dollars, Except for Per-Share Data)
2002 2001
Net sales $3,000.0 $2,850.0
Operating costs excluding depreciation and amortization 2,616.2 2,497.0
Earnings before interest, taxes, depreciation, and amortization (EBITDA) $ 383.8 $ 353.0
Depreciation 100.0 90.0
Amortization 0.0 0.0
Depreciation and amortization $ 100.0 $ 900
Earnings before interest and taxes (EBIT, or operating income) $ 283.8 $ 263.0
Less interest 88.0 60.0
Earnings before taxes (EBT) $ 195.8 $ 203.0
Taxes (40%) 78.3 81.2
Net income before preferred dividends $ 1175 $ 1218
Preferred dividends 4.0 4.0
Net income $ 1135 $ 117.8
Common dividends $ 575 $ 530
Addition to retained earnings $ 560 $ 648
Per-Share Data
Common stock price $23.00 $26.00
Earnings per share (EPS)? $ 2.27 $ 2.36
Dividends per share (DPS)® $ 1.15 $ 1.06
Book value per share (BVPS)? $17.92 $16.80
Cash flow per share (CFPS)® $ 4.27 $ 4.16

“There are 50,000,000 shares of common stock outstanding. Note that EPS is based on earnings after preferred dividends—that is, on net income avail-
able to common stockholders. Calculations of EPS, DPS, BVPS, and CFPS for 2002 are as follows:

Earnings per share = EPS =

Dividends per share = DPS =

Book value per share = BVPS =

Cash flow per share = CFPS =

;f@n

See Ch 09 Tool Kit.xls
for details.

Net income _$113,500,000

= = $2.27.
Common shares outstanding 50,000,00 $

Dividends paid to common stockholders  $57,500,000
Common shares outstanding 50,000,000

Total common equity $896,000,000
Common shares outstanding 50,000,000

= $1.15.

= $17.92.

Net income + Depreciation + Amortization ~ $213,500,000

= = $4.27.
Common shares outstanding 50,000,000 3

$2.27 per share in 2002, down from $2.36 in 2001, but it still raised the dividend from
$1.06 to $1.15.°

Taking a closer look at the income statement, we see that depreciation and amorti-
zation are important components of total operating costs. Depreciation and amortiza-
tion are similar in that both represent allocations of the costs of assets over their use-
ful lives; however, there are some important distinctions. Recall from accounting that

3After December 15, 1997, companies have had to report “comprehensive income” as well as net income.
Comprehensive income is equal to net income plus several comprehensive income items. One example of
comprehensive income is the unrealized gain or loss that occurs when a marketable security, classified as
available for sale, is marked-to-market. For our purposes in this introductory finance text, we will assume
that there are no comprehensive income items, so we will present only basic income statements throughout
the text.
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depreciation is an annual charge against income that reflects the estimated dollar cost
of the capital equipment used up in the production process. Depreciation applies to
tangible assets, such as plant and equipment, whereas amortization applies to in-
tangible assets such as patents, copyrights, trademarks, and goodwill. Some compa-
nies use amortization to write off research and development costs, or the accounting
goodwill that is recorded when one firm purchases another for more than its book
value. Because they are similar, depreciation and amortization are often lumped to-
gether on the income statement.

Managers, security analysts, and bank loan officers often calculate EBITDA,
which is defined as earnings before interest, taxes, depreciation, and amortization.
MicroDrive currently has no amortization charges, so the depreciation and amortiza-
tion on its income statement comes solely from depreciation. In 2002, MicroDrive’s
EBITDA was $383.8 million. Subtracting the $100 million of depreciation expense
from its EBITDA leaves the company with $283.8 million in operating income
(EBIT). After subtracting $88 million in interest expense and $78.3 million in taxes,
we obtain net income before preferred dividends of $117.5 million. Finally, we sub-
tract $4 million of preferred dividends, which leaves MicroDrive with $113.5 million
of net income available to common stockholders. When analysts refer to a company’s
net income, they generally mean net income available to common shareholders. Like-
wise, throughout this book unless otherwise indicated, net income means net income
available to common stockholders.

While the balance sheet can be thought of as a snapshot in time, the income state-
ment reports on operations over a period of time, for example, during the calendar year
2002. During 2002 MicroDrive had sales of $3 billion, and its net income available to
common stockholders was $113.5 million. Income statements can cover any period of
time, but they are usually prepared monthly, quarterly, or annually. Of course, sales,
costs, and profits will be larger the longer the reporting period, and the sum of the last
12 monthly (or four quarterly) income statements should equal the values shown on
the annual income statement.

For planning and control purposes, management generally forecasts monthly
(or perhaps quarterly) income statements, and it then compares actual results to
the budgeted statements. If revenues are below and costs above the forecasted
levels, then management should take corrective steps before the problem becomes
too serious.

Self-Test What is an income statement, and what information does it provide?
Questions Why is earnings per share called “the bottom line”?
Differentiate between amortization and depreciation.
What is EBITDA?

Regarding the time period reported, how does the income statement differ from
the balance sheet?

Statement of Retained Earnings

Changes in retained earnings between balance sheet dates are reported in the state-
ment of retained earnings. Table 9-3 shows that MicroDrive began the year with
$710 million of retained earnings, earned $113.5 million during 2002, paid out $57.5
million in common dividends, and plowed $56 million back into the business. Thus,
the balance sheet item “Retained earnings” increased from $710 million at the end of
2001 to $766 million at the end of 2002.
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See Ch 09 Tool Kit.xls

for details.

Self-Test
Questions

TABLE 9-3 MicroDrive Inc.: Statement of Retained Earnings for Year
Ending December 31, 2002 (Millions of Dollars)

Balance of retained earnings, December 31, 2001 $710.0
Add: Net income, 2002 113.5
Less: Dividends to common stockholders (57.5)?

Balance of retained earnings, December 31, 2002 $766.0

“Here, and throughout the book, parentheses are used to denote negative numbers.

Note that “Retained earnings” represents a claim against assets, not assets per se.
Moreover, firms retain earnings primarily to expand the business, and this means in-
vesting in plant and equipment, in inventories, and so on, ot piling up cash in a bank
account. Changes in retained earnings occur because common stockholders allow the
firm to reinvest funds that otherwise could be distributed as dividends. Thus, retained
earnings as reported o