PART SIX

V The Link Between
Valuation and Corporate
Finance Decisions
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Option Applications in
Corporate Finance

N OUR DISCUSSION of investment analysis, we argued that Boeing should invest
in the Super Jumbo Jet since the net present value of the investment is positive. In our
analysis of the optimal financing mix for The Home Depot, we noted that the firm
has excess debt capacity and that using more debt would lower the cost of capital. In
our examination of firm value, we estimated the value of Boeing, InfoSoft, and The
Home Depot by discounting expected cash flows at the cost of capital. In all these
cases, we used discounted cash flows to measure the impact of decisions on value.

In making investment, financing, and dividend decisions, however, firms may
consider more than the expected cash flows from just those decisions. In deciding
on whether to invest in the Super Jumbo, for instance, Boeing may consider the
potential for expansion into new products or markets and the ease with which it
can abandon the investment if not enough planes are sold. Similarly, The Home
Depot may choose not to use its excess debt capacity because it values the financ-
ing flexibility generated by having this capacity. Although we have mentioned these
considerations in earlier chapters and argued that they were options, we have nei-
ther valued them nor brought them explicitly into our analysis. In this chapter, we
attempt to value these options and to lay out the conditions that need to be fulfilled
for these options not only to exist but to have significant value.

We begin by introducing option pricing models in general. We then look at
option applications in three parts. The first part includes options embedded in
investments or projects, including the options to expand, delay, and abandon a proj-
ect. Here we discuss strategic options, the value of research and development, and
natural resource reserves. The second part of the analysis examines options in firm
valuation. In particular, we look at the liquidation option that equity investors pos-
sess and at how much value it creates, especially in the context of highly levered,
risky firms. The third part considers options in financing and dividend decisions.
We consider the value of flexibility as an option and the use of options in the design
of securities to reduce the cost of financing and default risk.

Basics of Option Pricing

In Chapter 5, we described options in terms of the cash flow payoffs we receive on
them. The buyer of a call option gets the right to buy the underlying asset at a fixed
price, whereas the buyer of a put option obtains the right to sell the underlying asset
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at a fixed price. We considered the determinants of option value and introduced a
model for pricing options, when the underlying asset’s prices follow a binomial path.
In this section, we expand this discussion to consider alternatives to the binomial
model and extensions to value options with special features.

Alternatives to the Binon_lial Model

In.the binomial option pricing model that we introduced in Chapter 5, we combined
the underlying asset and risk-free lending or borrowing to create a portfolio that had the
same cash flows as the option being valued; we called this portfolio the replicating
portfolio. Although the binomial model provides an intuitive feel for the determinants
of option value, it requires a large number of inputs in terms of expected future prices
at each node. As we make time periods shorter in the binomial model, we can make one
of two assumptions about asset prices. We can assume that price changes become smaller
as periods get shorter; this leads to price changes becoming infinitesimally small as time
periods approach zero, leading to a continuous price process. Alternatively, we can
assume that price changes stay large even as the period gets shorter; this leads to a jump
price process, whereby prices can jump in any period. In this section, we consider the
option pricing models that emerge with each of these assumptions.

The Black-Scholes Model When the price process is continuous, that is, price
changes become smaller as time periods get shorter, the binomial model for pricing
options converges on the Black-Scholes model. The model, named after its co-
creators, Fischer Black and Myron Scholes, allows us to estimate the value of any
option using a small number of inputs, and it has been shown to be remarkably robust
in valuing many listed options.

Although the derivation of the Black-Scholes model is far too complicated to
present here, it is also based on the idea of creating a portfolio of the underlying asset
and the riskless asset with the same cash flows, and hence the same cost, as the option
being valued. The value of a call option in the Black-Scholes model can be written as
a function of the five variables:

S = Current value of the underlying asset
K = Strike price of the option
t = Life to expiration of the option
r = Riskless interest rate corresponding to the life of the option

62 = Variance in the In(value) of the underlying asset

The value of a call is then:
Value of call = S N (dy) — K e N(d»)

where
S a2
Inf — |[+|r+— |t
4 K 2
- c«/;



Figure 27.1
Cumulative Normal
Distribution
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Note that ¢ is the present value factor and reflects the fact that the exercise price
on the call option does not have to be paid until expiration. N(d;) and N(dp) are
probabilities, estimated by using a cumulative standardized normal distribution, and
the values of d; and d, obtained for an option. The cumulative distribution is shown
in Figure 27.1. In approximate terms, these probabilities yield the likelihood that an
option will generate positive cash flows for its owner at exercise, that is, that S > K
in the case of a call option. The portfolio that replicates the call option is created by
buying N(d;) units of the underlying asset and borrowing Ke™ N(d,). The portfolio
will have the same cash flows as the call option and thus the same value as the option.
N(dy), which is the number of units of the underlying asset that are needed to create
the replicating portfolio, is called the option delta.

The Black-Scholes model was designed to value options that can be exercised only
at maturity and on underlying assets that do not pay dividends. In addition, options
are valued based on the assumption that option exercise does not affect the value of
the underlying asset. In practice, assets do pay dividends, options sometimes get exer-
cised early, and exercising an option can affect the value of the underlying asset.
Adjustments exist, that while not perfect, provide partial corrections to the Black-
Scholes model.

The Dividend Adjustment The payment of a dividend reduces the stock price;
note that on the ex-dividend day, the stock price generally declines. Consequently, call
options will become less valuable and put options will be more valuable as expected
dividend payments increase. One approach to dealing with dividends is to estimate the
present value of expected dividends that will be paid by the underlying asset during
the option life and subtract it from the current value of the asset to use as S in the
model. Since this becomes impractical as the option life becomes longer, we would
suggest an alternative approach. If the dividend yield (y = dividends/current value of
the asset) on the underlying asset is expected to remain unchanged during the life of
the option, the Black-Scholes model can be modified to take dividends into account.

C =S e N(dy) - K e N(dy)
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d, =d,-of

From an intuitive standpoint, the adjustments have two effects. First, the value of the
asset is discounted back to the present at the dividend yield to take into account the
expected drop in asset value resulting from dividend payments. Second, the interest
rate is offset by the dividend yield to reflect the lower carrying cost from holding the
asset (in the replicating portfolio). The net effect will be a reduction in the value of
calls estimated using this model.

Early Exercise The Black-Scholes model was designed to value options that can be
exercised only at' expiration. Options with this characteristic are called European
options. In contrast, most options that we encounter in practice can be exercised any
time until expiration. These options are called American options. The possibility of
early exercise makes American options more valuable than otherwise similar European
options; it also makes them more difficult to value. In general, however, with traded
options, it is almost always better to sell the option to someone else rather than exercise
early, since options have a time premium, that is, they sell for more than their exercise
value. There are two exceptions. One occurs when the underlying asset pays large divi-
dends, thus reducing the value of the asset. In this case, call options may be exercised just
before an ex-dividend date, if the time premium on the options is less than the expected
_decline in asset value as a consequence of the dividend payment. The other exception
arises when an investor holds both the underlying asset and deep in-the-money puts, that
is, puts with strike prices well above the current price of the underlying asset, on that
asset at a time when interest rates are high. In this case, the time premium on the put
may be less than the potential gain from exercising the put early and earning interest on
the exercise price.

Three basic approaches can be used to deal with the possibility of early exercise.
The first is to continue to use the unadjusted Black-Scholes model and regard the
resulting value as a floor or conservative estimate of the true value. The second
approach is to value the option to each potential exercise date. With options on stocks,
this basically requires that we value options to each ex-dividend day and choose the
maximum of the estimated call values. The third approach is to use a modified ver-
sion of the binomial model to consider the possibility of early exercise. In this version,
the up and down movements for asset prices in each period can be estimated from the
variance and the length of each period.!

! To illustrate, if 62 is the variance in In(stock prices), the up and down movements in the binomial can be esti-
mated as follows:

u = Exp [(r—6%/2)(T/m) + (0> T/m))

d'= Exp [(r— 6%/2)(T/m) — (0> T7m))
where u and d are the up and down movements per unit time for the binomial, T'is the life of the option, and
m is the number of periods within that lifetime. .



Itopt.xis allows you to
estimate the value of
an option, when the
underlying asset has a
constant dividend
yield.
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warrant.xls allows you
to estimate the value
of an option, when
there is a potential
dilution from exercise.
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Dilution The Black-Scholes model is based on the assumption that exercising an
option does not affect the value of the underlying asset. This may be true for listed
options on stocks, but it is not true for some types of options. For instance, the exer-
cise of warrants increases the number of shares outstanding and brings fresh cash into
the firm, both of which will affect the stock price.? The expected negative impact
(dilution) of exercise will decrease the value of warrants, compared to otherwise sim-
ilar call options. The adjustment for dilution in the Black-Scholes to the stock price
is fairly simple. The stock price is adjusted for the expected dilution from the exercise
of the options. In the case of warrants, for instance:

Sn+ Wy,
Dilution-adjusted S = L B
ng + ny,
where
S = Current value of the stock n,, = Number of warrants outstanding

W = Value of warrants outstanding n, = Number of shares outstanding

When the warrants are exercised, the number of shares outstanding will increase,
reducing the stock price. The numerator reflects the market value of equity, including
both stocks and warrants outstanding. The reduction in S will reduce the value of the
call option.

There is an element of circularity in this analysis, since the value of the warrant is
needed to estimate the dilution-adjusted S and the dilution-adjusted S is needed to esti-
mate the value of the warrant. This problem can be resolved by starting the process off
with an assumed value for the warrant (say, the exercise value or the current market price
of the warrant). This will yield a value for the warrant, and this estimated value can then
be used as an input to re-estimate the warrant’s value until there is convergence.

Put-call Parity The value of a put can be derived from the value of a call with the
same strike price and the same expiration date:

C-P=S-Ke"

where C is the value of the call and Pis the value of the put. This relationship between
the call and put values is called put-call parity, and any deviations from parity can
be used by investors to make riskless profits. To see why put-call parity holds, consider
selling a call and buying a put with exercise price K and expiration date t, and simul-
taneously buying the underlying asset at the current price S. The payoff from this
position is riskless and always yields K at expiration (f). To see this, assume that the
stock price at expiration is S*. The payoff on each of the positions in.the portfolio
can be written as follows:

Position Payoffs at t if S*>K Payoffs at ¢ if S*<K
Sell call —(8* -K) 0

Buy put 0 K — S*

Buy stock S* S*

Total K K

2 Warrants are call options issued by firms, either as part of management compensation contracts or to raise
equity. We discuss them in Ch o : i
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Since this position yields K with certainty, the cost of creating this position must be
equal to the present value of K at the riskless rate (K ),

S+P-C=Ken
C-P=S-—Ke

Substituting the Black-Scholes equation for the value of an equivalent call into this
equation, we get:
Value of put = K e~ (1 = N (d)) = S e~ (1 — N (dy)

where
[s 0?2
In| — [+|r—y+— |t
; K 2
1 o
d, =d, — ot

Thus, the replicating portfolio for a put is created by selling short (1 — N(d,)) shares
of stock and investing K ¢ (1 — N (d»)) in the riskless asset.

Jump Process Option Pricing Models If price changes remain large as the time
periods in the binomial are shortened, we can no longer assume that prices change
continuously. When price changes remain large, a price process that allows for price
Jjumps is much more realistic. Cox and Ross (1976) valued options when prices fol-
low a pure jump process, where the jumps can only be positive. Thus, in the next inter-
val, the stock price either will have a large positive Jjump with a specified probability
or will drift downward at a given rate.

Merton (1976) considered a distribution in which there are price jumps superim-
posed on a continuous price process. He specified the rate at which jumps occur (A)
and the average jump size (k), measured as a percentage of the stock price. The model
derived to value options with this process is called a Jump diffusion model. In this model,
the value of an option is determined by the five variables specified in the Black-
Scholes model and the parameters of the jump process (A, k). Unfortunately, the esti-
mates of the jump process parameters are so noisy for most firms that they overwhelm
any advantages that accrue from using a more realistic model. These models, therefore,
have seen limited use in practice.

Extensions of Option Pricing

All the option pricing models we have described so far — the binomial, the Black-
Scholes, and the jump process models — are designed to value options with clearly
defined exercise prices and maturities, on underlying assets that are traded. The
options we encounter in investment analysis or valuation are often on real assets.rather
than on financial assets, thus leading them to be categorized as real options. These
options can take much more complicated forms. In this section, we will consider some
of these variations.

Capped and Barrier Options With a simple call option, there is no specified
upper limit on the profits that can be made by the buyer of the call. Asset prices, at
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Figure 27.2 Payoff When the price of the asset exceeds Kp,
on Capped Call the payoff on the call is limited to K — K; e
\ Payoff on capped call

—J

Value of underlying asset

least in theory, can keep going up, and the payoffs increase proportionately. In some
call options, the buyer is entitled to profits up to a specified price but not above it. For
instance, consider a call option with a strike price of K on an asset. In an unrestricted
call option, the payoff on this option will increase as the underlying asset’s price
increases above Kj. Assume, however, that if the price reaches K, the payoff is capped
at (K, — Kj). The payoff diagram on this option is shown in Figure 27.2.

This option is called a capped call. Notice, too, that once the price reaches Ky,
there is no longer a time premium associated with the option, and the option will
therefore be exercised. Capped calls are part of a family of options called barrier
options, where in the payoff on, and the life of, the option are a function of whether
the underlying asset price reaches a certain level during a specified period.

The value of a capped call will always be lower than the value of the same call
without the payoff limit. A simple approximation of this value can be obtained by
valuing the call twice, once with the given exercise price and once with the cap, and
taking the difference in the two values. In the above example; then, the value of the
call with an exercise price of Kj and a cap at K can be written as:

Value of Capped Call = Value of call (K= Kj) — Value of call (K = K3)

Barrier options can take many forms. In a knockout option, an option ceases to exist
if the underlying asset reaches a certain price. In the case of a call option, this knock-
out price is usually set below the strike price, and this option is called a down-and-
out option. In the case of a put option, the knockout price will be set above the
exercise price, and this option is called an up-and-out option. Like the capped call,
these options will be worth less than their unrestricted counterparts. Many real
options have limits on potential upside or knockout provisions, and ignoring these
limits can result in the overstatement of the value of these options.

Compound Options Some options derive their value not from an underlying asset
but from other options. These options are called compound options. Compound
options can take any of four forms —a call on a call, a put on a put, a call on a put,
and a put on a call. Geske (1979) developed the analytical formulation for valuing
compound options by replacing the standard normal distribution used in a simple
option model with a bivariate normal distribution in the calculation.

Consider, for instance, the option to expand a project that we will consider in the
next section. Although we will value this option using a simple option pricing model,
in reality there could be multiple stages in expansion, with each stage representing an
option for the following stage. In this case, we will undervalue the option by consid-
ering it as a simple rather than a compound option.
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Notwithstanding this discussion, the valuation of compound options becomes pro-
gressively more difficult as we add more options to the chain. In this case, rather than
wreck the valuation on the shoals of estimation error, it may be better to accept the con-
servative estimate that is provided with a simple valuation model as a floor on the value.

Rainbow Options In a simple option, the uncertainty is about the price of the
underlying asset. Some options are exposed to two or more sources of uncertainty, and
these options are rainbow options. Using the simple option pricing model to value
such options can lead to biased estimates of value. As an example, consider an undevel-
oped oil reserve as an option, where the firm that owns the reserve has the right to
develop the reserve. Here, there are two sources of uncertainty. The first is obviously the
price of oil, and the second is the quantity of oil that is in the reserve. To value this unde-
veloped reserve, we can make the simplifying assumption that we know the quantity of
the reserves with certainty. In reality, however, uncertainty about the quantity will affect
the value of this option and make the decision to exercise more difficult.?

Other Estimation Issues with Real Options We will confront several other
estimation issues as we try to apply option pricing models to real options. First, the
options being valued are often not on traded assets (such as stocks or commodities)
but on nontraded assets such as projects and licenses. Consequently, neither the price
of the underlying asset nor its variance is observable. The fact that we cannot observe
the price of the underlying asset also implies that there is more uncertainty associated
with valuing a real option than there is in valuing an option on a traded asset.

Second, real options are usually long term, stretching into years rather than
months, making it more difficult to estimate inputs such as the variance in asset value.
In particular, the assumption that the variance in the underlying asset’s value is both
known and constant over the option life may be more difficult to defend when valu-
ing a 20-year option than a 6-month option.

Third, unlike listed options on stocks and other financial assets that are seldom exer-
cised early, real options get their value from being exercised early and they usually are.
Consequently, the difference between European and American option values will be
much larger for real options than for traded short-term options. Furthermore, unlike
the case of listed options, where exercise requires buying or selling stock and can be
instantaneous, exercising a real option may require building a plant or constructing an
oil rig, actions that do not happen in an instant. The fact that exercise takes time also
implies that the true life of a real option is often less than the stated life.

In the applications that follow, we suggest adjustments that can be made to option
pricing models to reflect these realities. Notwithstanding these adjustments, valuing
real options will pose more estimation challenges and result in more estimation errors
than valuing financial options on traded assets.

7 CT 27.1: Assume that you are valuing options on stock in a private firm. How
would you estimate the value of the options? Why might you view the value you
obtain from an option pricing model more cautiously than if the firm were public?

3 The analogy to a listed option on a stock is the case where you do not know what the stock price is with cer-
tainty when you exercise the option. The more uncertain you are about the stock price, the more margin for
error you have to give yourself when you exercise the option, to ensure that you are in fact earning a profit.
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Options in Investment Analysis

In traditional investment analysis, a project or new investment should be accepted only
if the returns on the project exceed the hurdle rate. In the context of cash flows and
discount rates, this translates into investing in projects with positive net present values.
The limitation of this view of the world, which analyzes projects on the basis of
expected cash flows and discount rates, is that it fails to consider fully the options that
are usually associated with many investments. In this section, we analyze three options
that are often embedded in projects. The first is the option to delay a project, espe-
cially when the firm has exclusive rights to the project. The second is the option to
expand an investment to produce new products or sell in new markets some time in
the future. The third is the option to. abandon a project if the cash flows do not meas-
ure up to expectations.

The Option to Delay a Project

Projects are typically analyzed based on their expected cash flows and discount rates
at the time of the analysis; the net present value computed on that basis is a measure
of its value and acceptability at that time. Expected cash flows and discount rates
change over time, however, and so does the net present value. Thus, a project that has
a negative net present value now may have a positive net present value in the future.
In a competitive environment in which individual firms have no special advantages
over their competitors in taking projects, the fact that net present values can be posi-
tive in the future may not be significant. In an environment in which a project can be
taken by only one firm because of legal restrictions or other barriers to entry to com-
petitors, however, the changes in the project’s value over time give it the characteris-
tics of a call option.

The Payoff on the Option to Delay Assume that a project requires an initial up-
front investment of X and that the present value of expected cash inflows from invest-
ing in the project, computed today, is ¥ The net present value of this project is the
difference between the two:

NPV =V-X

Now assume that the firm has exclusive rights to this project for the next n years and
that the present value of the cash inflows may change over that time because of
changes in either the cash flows or the discount rate. Thus, the project may have a neg-
ative net present value right now, but it may still be a good project if the firm waits.
Defining V again as the present value of the cash flows (which can change over time),
the firm’s decision rule on this project can be summarized as follows:

Ifr>X Invest in the project: Project has positive net present value.
V<X Do not invest in the project: Project has negative net present value.

If the firm does not invest in the project over its life, it incurs no additional cash flows,
though it will lose what it invested to get exclusive rights to the project. This rela-
tionship can be presented in a payoff diagram of cash flows on this project, as shown
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delay.xls allows you to
estimate the value of
an option to delay an
investment.

In Practice 27.1: Valuing the Option to Delay a Project

Assume that you are interested in acquiring the exclusive rights to market a new product
that will make it easier for people to access their e-mail on the road. If you do acquire the
rights to the product, you estimate that it will cost you $50 million up-front to set up the
infrastructure needed to provide the service. Based on your current projections, you
believe that the service will generate only $10 million in after-tax cash flows each year. In
addition, you expect to operate without serious competition for the next five years.

From a static standpoint, the net present value of this project can be computed by tak-
ing the present value of the expected cash flows over the next five years. Assuming a dis-
count rate of 15% (based on the riskiness of this project), we obtain the following net
present value for the project:

NPV of project = - 50 million + $10 million (PV of annuity, 15%, 5 years)

=~ 50 million + $33.5 million = - $16.5 million

This project has a negative net present value.

The biggest source of uncertainty about this project is the number of people who will
be interested in the product. Although current market tests indicate that you will capture
a relatively small number of business travelers as your customers, they also indicate the
possibility that the potential market could get much larger over time. In fact, a simulation
of the project’s cash flows yields a standard deviation of 42% in the present value of the
cash flows, with an expected value of $33.5 million.

To value the exclusive rights to this project, we first define the inputs to the option
pricing model:

Value of the Underlying Asset (5) = PV of Cash Flows from Project if introduced now
= $33.5 million

Strike Price (K) = Initial Investment needed to introduce the product = $50.0 million
Variance in Underlying Asset’s Value = 0.422 = 0.1764
Time to expiration = Period of exclusive rights to product = 5 years
Dividend Yield = 1/Life of the right = 15 = 0.20

Assume that the five-year riskless rate is 5%. The value of the option can be estimated as
follows:

Call Value = 33.5 exp{-0-2(5) (0.2250) - 50.0 exp(-0.055) (0.0451) = $1.019 million

The rights to this product, which has a negative net present value if introduced today, are
worth $1.018 million. Note, however, as measured by N (d1) and N(d,), that the likelihood
is low that this project will become viable before expiration.

Problems in Valuing the Option to Delay Although the option to delay is
embedded in many projects, several problems are associated with the use of option
pricing models to value these options. First, the underlying asset in this option,
which is the project, is not traded, making it difficult to estimate its value and vari-
ance. We have argued that the value can be estimated from the expected cash flows
and the discount rate for the project, albeit with error. The variance is more diffi-
cult to estimate, however, since we are attempting to estimate a variance in project
value over time.

Second, the behavior of prices over time may not conform to the price path
assumed by the option pricing models. In particular, the assumption that value fol-
lows a continuous process and that the variance in value remains unchanged over
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time may be difficult to justify in the context of a project. For instance, a sudden
technological change may dramatically change the value of a project, either posi-
tively or negatively.

Third, there may be no specific period for which the firm has rights to the proj-
ect. Unlike the case of a patent, for instance, in which the firm has exclusive rights to
produce the patented product for a specified period, the firm’s rights often are less
clearly defined in terms of both exclusivity and time. For instance, a firm may have
significant advantages over its competitors, which may, in turn, provide it with the vir-
tually exclusive rights to a project for a period of time. An example would be a com-
pany with strong brand-name’ recognition in retailing or consumer products. The
rights are not legal restrictions, however, and will erode over time. In such cases, the
expected life of the project itself is uncertain and only an estimate. In the valuation of
the rights to the product, in the previous section, we used a life of five years for the
option, but competitors could in fact enter sooner than we anticipated. Alternatively,
the barriers to entry may turn out to be greater than expected and allow the firm to
earn excess returns for longer than five years. Ironically, uncertainty about the
expected life of the option can increase the variance in present value, and through it,
the expected value of the rights to the project.

Implications and Extensions of Delay Options Several interesting implications
emerge from the analysis of the option to delay a project. First, a project may have a
negative net present value currently based on expected cash flows, but the rights to it
may still be valuable because of the option characteristics. <

Second, a project may have a positive net present value but still not be accepted
right away. This can happen because the firm may gain by waiting and accepting the
project in a future period, for the same reasons that investors do not always exercise
an option that is in the money. A firm is more likely to wait if it has the rights to the
project for a long time and the variance in project inflows is high. To illustrate, assume
that a firm has the exclusive rights to produce a new type of disk drive for computer
systems and that building a new plant will yield a positive net present value today. If
the technology for manufacturing the disk drive is in flux, however, the firm may
delay investing in the project in the hopes that the improved technology will increase
the expected cash flows and consequently the value of the project. It has to weigh this
benefit against the cost of delaying the project, which will be the cash flows that will
be forsaken by not investing in it.

Third, factors that can make a project less attractive in a static analysis can actually
make the rights to the project more valuable. As an example, consider the effect of
uncertainty about the size of the potential market and the magnitude of excess
returns. In a static analysis, increasing this uncertainty increases the riskiness of the
project and may make it less attractive. When the project is viewed as an option, an
increase in the uncertainty may make the option more valuable, not less. We will con-
sider two cases, product patents and natural resource reserves, in which we believe that
the project delay option allows us to estimate value more precisely.

Case 1:Valuing a Patent. A product patent provides a firm with the right to develop
and market a product. The firm will do so only if the present value of the expected
cash flows from the product sales exceeds the cost of development, as shown in Figure
27.4. If this does not occur, the firm can shelve the patent and not incur any further
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Figure 27.4 Payoff to
Introducing Product

Net payoff to
introducing product

Cost of product
introduction

Present value of expected
cash flows on product

costs. If I is the present value of the costs of commercially developing the patent and
Vis the present value of the expected cash flows from development, then:

Payoff from owning a product patent = I/ — | ifV>1
' =0 if VLI

Thus, a product patent can be viewed as a call option, where the product is the under-
lying asset. 1

In Practice 27.2: Valuing a Patent: Avonex in 1397

Biogen is a biotechnology firm with a patent on a drug called Avonex, which has received
FDA approval for use in treating multiple sclerosis. Assume that you are trying to value
the patent and that you have the following estimates for use in the option pricing model:

* An internal analysis of the financial viability of the drug today, based on the potential
market and the price that the firm can expect to charge for the drug, yields a present
value of cash flows of $3.422 billion, prior to considering the initial development cost.

* The initial cost of developing the drug for commercial use is estimated to be $2.875 bil-
lion, if the drug is introduced today.

* The firm has the patent on the drug for the next 17 years, and the current long-term
treasury bond rate is 6.7%. :

* The average variance in firm value for publicly traded biotechnology firms is 0.224.

We assume that the potential for excess returns exists only during the patent life and that
competition will eliminate excess returns beyond that period. Thus, any delay in intro-
ducing the drug, will cost the firm one year of patent-protected returns. (For the analysis,
the cost of delay will be 7, next year it will be V¢, the year after s, and so on.)

Based on these assumptions, we obtain the following inputs to the option pricing model.

Present Value of Cash Flows from Introducing the Drug Now = S = $3.422 billion
Initial Cost of Developing Drug for Commercial Use (today) = K = $2.875 billion
Patent Life = t = 17 years
Riskless Rate = r = 6.7% (17-year Treasury Bond rate)

Variance in Expected Present Values = 62 = 0.224

' Expected Cost of Delay = y = 1/17 = 5.89%

These yield the following estimates for d and N(d):
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dq = 1.1362 N(d,) = 0.8720
d, = -0.8512 N(d) = 0.2076
Plugging back into the dividend-adjusted Black-Scholes option pricing model, we get:

Value of the patent = 3,422 exp(-0.0589)(17) (0.8720) - 2,875 (exp(-0.067)(17) (0.2076)
= $907 million

To provide a contrast, the net present value of this project is only $547 million:
NPV = $3,422 million - $2,875 million = $547 million

The time premium of $360 million on this option ($907 - $547) suggests that the firm will
be better off waiting rather than developing the drug immediately, the cost of delay
notwithstanding. However, the cost of delay will increase over time and will make exer-
cise (development) more likely in future years.

Case 2: Valuing Natural Resource Options. In a natural resource investment, the
underlying asset is the natural resource, and the value of the asset is based on the esti-
mated quantity and price of the resource. Thus, in a gold mine, the underlying asset
is the value of the estimated gold reserves in the mine, based on the price of gold. In
most such investments, an initial cost is associated with developing the resource; the
difference between the value of the estimated reserves and the cost of the develop-
ment is the profit to the owner of the resource (see Figure 27.5). Defining the cost of
development as X and the estimated value of the resource as IV makes the potential
payoffs on a natural resource option the following:

Payoff on natural resource investment = V= X ifV>X

=1 if VX

Thus, the investment in a natural resource option has a payoff function similar to a call
option.

To value a natural résource investment as an option, we need to make certain
assumptions about a number of variables:

1. Available reserves of the resource: Since this is not known with certainty at the out-
set, it has to be estimated. In an oil tract, for instance, geologists can provide rea-
sonably accurate estimates of the quantity of oil available in the tract.

Net payoff on
extracting reserve

Cost of developing
reserve

Value of estimated reserve
of natural resource
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2. Estimated cost of developing the resource: The estimated cost of developing the
resource reserve is the exercise price of the option. In an oil reserve, this would
be the cost of installing the rigs to extract oil from the reserve. Since oil compa-
nies have done this hundreds of times before in a variety of settings, they can use
their experience to come up with a reasonable measure of development cost.

3. Time to expiration of the option: The life of a natural resource option can be defined
in one of two ways. First, if the ownership of the investment has to be relinquished
at the end of a fixed period of time, that period will be the life of the option. In
many offshore oil leases, for instance, the oil tracts are leased to the oil company for
a fixed period. The second approach is based on the inventory of the resource and
the capacity output rate, as well as estimates of the number of years it would take
to exhaust the inventory. Thus, a gold mine with a mine inventory of 3 million
ounces and a capacity output rate of 150,000 ounces a year will be exhausted in 20
years, which is defined as the life of the natural resource option.

4. Variance in value of the underlying asset: The variance in the value of the underlying
asset is determined by the variability in the price of the resource and the vari-
ability in the estimate of available reserves. In the special case where the quantity
of the reserve is known with certainty, the variance in the underlying asset’s value
will depend entirely on the variance in the price of the natural resource.

5. Cost of delay: The net production revenue is the annual cash flow that will be
generated, once a resource reserve has been developed, as a percentage of the
market value of the reserve. This is the equivalent of the dividend yield and is
treated the same way in calculating option values. An alternative way of thinking
about this cost is in terms of a cost of delay. Once a natural resource option is in
the money (Value of the reserves > Cost of developing these reserves), by not
developing the reserve the firm is costing itself the production revenue it could
have generated by doing so.

An important issue in using option pricing models to value natural resource
options is the effect of development lags on the value of these options. Since oil or
gold or any other natural resource reserve cannot be developed instantaneously, a time
lag has to be allowed between the decision to extract the resources and the actual
extraction. A simple adjustment for this lag is to reduce the value of the developed
reserve for the loss of cash flows during the development period. Thus, if there is a
one-year lag in development, the current value of the developed reserve will be dis-
counted back one year at the net production revenue/asset value ratio® (which we also
called the dividend yield above).

In Practice 27.3: Valuing an Oil Reserve’ '

Consider an offshore oil property with an estimated oil reserve of 50 million barrels of oil;
the cost of developing the reserve is expected to be $600 million, and the development

© Intuitively, it may seem that the discounting should occur at the risk-free rate. The simplest way to explain why
we discount at the dividend yield is to consider the analogy with a listed option on a stock: Assume that on exer-
cising a listed option on a stock, you had to wait six months for the stock to be delivered to you. What you lose
is the dividends you would have received over the six-month period if you had held the stock. Hence, the dis-
counting is at the dividend yield.

7 The following is a simplified version of the illustration provided by Siegel, Smith, and Paddock to value an off-
shore oil property.
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lag is two years. Exxon has the rights to exploit this reserve for the next 20 years, and the
marginal value (price per barrel — marginal cost per barrel) per barrel of oil is currently
$12.8 Once developed, the net production revenue each year will be 5% of the value of
the reserves. The riskless rate is 8%, and the variance in oil prices is 0.03.

Given this information, the inputs to the Black-Scholes can be estimated as follows:

Current Value of the asset = S = Value of the developed reserve discounted back the length of
the development lag at the dividend yield = $12 x 50/(1.05)2 = $544.22
Exercise Price = Cost of developing reserve = $600 million
Time to expiration on the option = 20 years
Variance in the value of the underlying asset® = 0.03

Riskless rate = 8%

Dividend Yield = Net production revenue/Value of reserve = 5%

Based on these inputs, the Black-Scholes model provides the following call value:

\CAYAL

“‘ dy = 1.0359 N(d,) = 0.8498
Spreadsheet > #
natres.xls allows you FELANID Nida) = 05990,
% ::‘m:’l‘:p:'“‘ Call Value = 544.22 exp*2951@) (0.8498) - 600 exp-0%8X20) (0.6030) = $97.08 million
natural resource
‘reserve. This oil reserve, though not viable at current prices, is still valuable because of its poten-

tial to create value if oil prices go up.

¢/ CC 27.2: Assume that oil prices increase by $5 per barrel today and drop back by $5
tomorrow. Will these changes affect the value of the oil reserve? Why or why not?

The Option to Expand a Project

Firms sometimes invest in projects because the investments allow them either to make
further investments or to enter other markets in the future. In such cases, we can view
the initial projects as options allowing the firm to invest in other projects, and we
should therefore be willing to pay a price for such options. Put another way, a firm
may accept a negative net present value on the initial project because of the possibil-
ity of high positive net present values on future projects.

The Payoff on the Option to Expand The option to expand can be evaluated
at the time the initial project is analyzed. Assume that this initial project will give the
firm the right to expand and invest in a néw project in the future. Assessed today, the
expected present value of the cash flows from investing in the future project is I/ and
the total investment needed for this project is X. The firm has a fixed time horizon,
at the end of which it has to make the final decision on whether or not to make the

8 For simplicity, we will assume that, while this marginal value per barrel of oil will grow over time, the present
value of the marginal value will remain unchanged at $12 per barrel. If we do not make this assumption, we will
have to estimate the present value of the oil that will be extracted over the extraction period.

9 In this example, we assume that the only uncertainty is in the price of oil, and the variance therefore becomes
the variance in In(oil prices). )
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Figure 27.6 The
Option to Expand a
Project

PV of cash flows

Cost of expansion

Present value of
expected cash flows

Expansion has negative NPV Expansion NPV turns positive
in this range in this range

future investment. Finally, the firm cannot move forward on this future investment if
it does not take the initial project. This scenario implies the option payoffs shown in
Figure 27.6

As you can see, at the expiration of the fixed time horizon, the firm will expand
into the new project if the present value of the expected cash flows at that point in
time exceeds the cost of expansion.

B
ﬁ In Practice 27.4: Valuing an Option to Expand: The Home Depot,
France

Assume that The Home Depot is considering opening a small store in France. The store will
cost 100 million French francs (FF) to build, and the present value of the expected cash
flows from the store is 120 million FF. Thus, by itself, the store has a negative NPV of 20
million FF.

Assume, however, that by opening this store, The Home Depot will acquire the option
to expand its operations any time over the next five years. The cost of expansion will be
200 million FF, and it will be undertaken only if the present value of the expected cash
flows from expansion exceeds 200 million FF. At the moment, this present value is believed
to be only 150 million FF. The Home Depot still does not know much about the market for
home-improvement products in France, and there is considerable uncertainty about this
estimate. The variance in the estimate is 0.08.

The value of the option to expand can now be estimated, using the inputs to the
option pricing model:

Value of the Underlying Asset (S) = PV of Cash Flows from Expansion, if done now
= 150 million FF
Strike Price (K) = Cost of Expansion = 200 million FF
Variance in Underlying Asset’s Value = 0.08
Time to expiration = Period for which expansion option applies = 5 years

Assume that the five-year riskless rate is 6%. The value of the option can be estimated as
follows:

Call Value = 150 (0.6314) — 200 exp-0.06(20) (0.3833) = 37.91 million FF

This value can be added on to the net present value of the original project under consid-
eration.
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NPV of Store = 80 million FF = 100 million FF = -20 million
Value of Option to Expand = 37.91 million FF
NPV of store with option to expand = -20 million + 37.91 million = 17.91 mil FF

The Home Depot should open the new store in France, even though it has a negative net
present value, because it acquires-an option of much greater value as a consequence.

Problems in Valuing the Option to Expand The practical considerations
associated with estimating the value of the option to expand are similar to those
associated with valuing the option to delay. In most cases, firms with options to
expand have no specific time horizon by which they have to make an expansion
decision, making these open-ended options, or, at best, options with arbitrary lives.
Even when a life can be estimated for the option, neither the size nor the potential
market for the product may be known, and estimating either can be problematic. To
illustrate, consider The Home Depot example discussed earlier. Although we
adopted a period of five years, at the end of which The Home Depot has to decide
one way or another on its future expansion in France, it is entirely possible that this
time frame is not specified at the time the store is opened. Futhermore, we have
assumed that both the cost and the present value of expansion are known at the time
of the initial investment. In reality, the firm may not have good estimates for either
input before opening the first store, since it does not have much information on the
underlying market.

Extensions and Implications of Expansion Options Firms can use the option
to expand to rationalize investing in projects that have negative net present values but
provide significant opportunities to enter new markets or to sell new products. The
option pricing approach adds rigor to this argument by estimating the value of this
option, and it also provides insight into those occasions when it is most valuable. The
option to expand is more valuable for more volatile businesses with higher returns on
projects (such as biotechnology or computer software) than it is for stable businesses
with lower returns (such as automobile production). We will consider three cases
where the expansion option may yield useful insights — strategic considerations in
acquisitions, research and development expenses, and multistage projects.

Strategic Considerations in Acquisitions. In many acquisitions or investments, the
acquiring firm believes that the transaction will give it competitive advantages in the
future. These competitive advantages include:

« Entry into a large or growing market: An investment or acquisition may allow the firm
to enter a large or potentially large market much sooner than it otherwise would
have been able to do so. A good example is the acquisition of a Mexican retail firm
by a U.S. firm, with the intent of expanding into the Mexican market.

« Technological expertise: In some cases, the acquisition is motivated by the desire to
acquire a proprietary technology, which will allow the acquirer to either expand its
existing market or enter a new market.

« Brand name: Firms sometime pay large premiums over market price to acquire firms

with valuable brand names because they believe that these brand names can be used
for expansion into new markets in the future.

Although all of these potential advantages may be used to justify large acquisition pre-
miums, not all of them create valuable options. Even if these advantages can be viewed
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as valuable expansion options, the value has to be greater than the acquisition pre-
mium for stockholders to gain.

Research, Development, and Test Market Expenses. Firms that spend considerable
amounts of money on research and development and test marketing are often stymied
when they try to evaluate these expenses, since the payoffs are in terms of future proj-
ects. At the same time, there is the very real possibility that after the money has been
spent, the products or projects may not turn out to be viable. Consequently, the

- expenditure must be treated as a sunk cost. In fact, R&D has the characteristics of a

 call option — the amount spent on the R&D is the cost of the call option, and the
projects or products that might emerge from the research provide the payoffs on the
options. If these products are viable (i.e., the present value of the cash inflows exceeds

the needed investment), the payoff is the difference between the two. If not, the proj-
ect will not be accepted, and the payoff will be zero.

Several logical. implications emerge from this view of R&D. First, ‘research
expenditures should provide much higher value for firms that are in volatile busi-
nesses, since the variance in product or project cash flows is positively correlated
with the value of the call option. Thus, Minnesota Mining and Manufacturing
(3M), which expends a substantial amount on R&D on basic office products, such
as the Post-it pad, should receive less valuel® for its research than does Amgen,
whose research primarily concerns biotechnology products. Second, the value of
research and the optimal amount to be spent on research will change over time as
businesses mature. The best example is the pharmaceutical industry. Pharmaceutical
companies spent most of the 1980s investing substantial amounts in research and
earning high returns on new products, as health care costs expanded. In the 1990s,
however, as health care costs started leveling off and the business matured, many of
these companies found that they were not getting the same payoffs on research and
started cutting back. Some companies moved research dollars from conventional

drugs to biotechnology products, where uncertainty about future cash flows remains
high.

v/ CC 27.3: This option-based approach presupposes that the research is applied and
directed toward finding commercial products. Would the same arguments apply for
basic research (such as the research done at universities) which are not directed
toward commercial products? Why or why not?

Multistage Projects/Investments. When entering new businesses or taking new
investments, firms sometimes have the option to move in stages. While doing so
may reduce potential upside, it also protects the firm against downside risk by
allowing it at each stage to gauge demand and decide whether to go on to the next
stage. In other words, a standard project can be recast as a series of options to
expand, with each option being dependent on the previous one. Two propositions
follow:

* Some projects that are unattractive on a full investment basis may be value creating
if the firm can invest in stages.

'% This statement is based .on the assumption that the quality of research is the same at both firms, though the
research is in different businesses, and that the only difference is in the volatility of the underlying businesses.
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* Some projects that look attractive on a full investment basis may become even more
attractive if taken in stages.

The gain in value from the options created by multistage investments has to be
weighed against the cost. Taking investments in stages may allow competitors who
-decide to enter the market on a full scale to capture the market. It may also lead to
higher costs at each stage, since the firm is not taking full advantage of economies
of scale.

Several implications emerge from viewing this choice between multistage and
one-time investments in an option framework. The projects in which the gains will
be largest from making the investment in multiple stages include:

* Projects in which there are significant barriers to entry to competitors entering the mar-
ket and taking advantage of delays in full-scale production: Thus, a firm with a
patent on a product or other legal protection against competition pays a much
smaller price for starting small and expanding as it learns more about the market.

* Projects in which there is uncertainty about the size of the market and the eventual suc-
cess of the project. Here, starting small and expanding in stages allow the firm to
reduce its losses if the product does not sell as well as anticipated and to learn more
about the market at each stage. This information can be useful in both product
design and marketing in subsequent stages.

* Projects in which there is a substantial investment needed in infrastructure and high oper-
ating leverage (fixed costs). Since the savings from doing a project in multiple stages
can be traced to the investments needed at each stage, the benefit is likely to be
greater in firms where those costs are large. Capital-intensive projects as well as proj-
ects that require large initial marketing expenses (a new brand-name product for a
consumer product company), for example, will gain more from the options created
by investing in the projects in multiple stages.

When Are Delay and Expansion Options Valuable?

The argument that some or many investments have valuable strategic or expansion
options embedded in them has great allure, but a danger arises that this argument can
be used to justify poor investments. In fact, acquirers have long justified huge premi-
ums on acquisitions on synergistic and strategic grounds. We need to be more rigor-
ous in our measurement of the value of real options and in our use of real options as
justification for paying high prices or making poor investments.

Quantitative Estimation When real options are used to justify a decision, the jus-
tification has to be in more than qualitative terms. In other words, managers who favor
investing in a project with poor returns or paying a premium on an acquisition on the
basis of the real options generated by this investment should be required to value these
real options and show that the economic benefits exceed the costs. Two arguments are
often made against this requirement. The first is that real options cannot be easily val-
ued, since the inputs are difficult to obtain and often noisy. The second is that the
inputs to option pricing models can be easily manipulated to back up whatever the
conclusion might be. Although both arguments have some basis, an estimate is better
than no estimate at all, and the process of trying to estimate the value of a real option
is the first step to understanding what drives its value.
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Tests for Expansion Option to Have Value Not all investments have options
embedded in them, and not all options, even if they do exist, have value. To assess
whether an investment creates valuable options that need to be analyzed and valued,
we need to answer three key questions.

1. Is the first investment a prerequisite for the later investment /expansion? If not, how necessary
is the first investment for the later investment/expansion? Consider our earlier analysis of
the value of a patent or the value of an undeveloped oil reserve as options. A firm
cannot generate patents without investing in research or paying another firm for
the patents, and it cannot get rights to an undeveloped oil reserve without bidding
on it at a government auction or buying it from another oil company. Clearly, the
initial investment here (spending on R&D, bidding at the auction) is required for
the firm to have the second investment. Now consider The Home Depot invest-
ment in a French store and the option to expand into the French market later. The
initial store investment provides The Home Depot with information about market
potential, without which presumably it is unwilling to expand into the larger mar-
ket. Unlike the patent and undeveloped reserves examples, the initial investment is
not a prerequisite for the second, though management might view it as such. The
connection geis even weaker, and the option value lower, when we look at one
firm acquiring another to have the option to be able to enter a large market.
Acquiring an Internet service provider to have a foothold in the Internet retailing
market or buying a Brazilian brewery to preserve the option to enter the Brazilian
beer market would be examples.

2. Does the firm have an exclusive right to the later investment/expansion? If not, does the
initial investment provide the firm with significant competitive advantages on subsequent
investments? The value of the option ultimately derives not from the cash flows
generated by the second and subsequent investments but from the excess returns
generated by these cash flows. The greater the potential for excess returns on the
second investment, the greater the value of the expansion option in the first
investment. The potential for excess returns is closely tied to how much of a
competitive advantage the first investment provides the firm when it takes subse-
quent investments. At one extreme, again, consider investing in research and
development to acquire a patent. The patent gives the firm that owns it the
exclusive right to produce that product and, if the market potential is large, the
right to the excess returns from the project. At the other extreme, the firm might
get no competitive advantages on subsequent investments, in which case it is

* questionable as to whether there can be any excess returns on these investments.
In reality, most investments will fall in the continuum between these two
extremes, with greater competitive advantages being associated with higher
excess returns and larger option values.

3. How sustainable are the competitive advantages? In a competitive marketplace, excess
returns attract competitors, and competition drives out excess returns. The more
sustainable the competitive advantages possessed by a firm, the greater will be the
value of the options embedded in the initial investment. The sustainability of com-
petitive advantages is a function of two forces. The first is the nature of the competi-
tion; other things remaining equal, competitive advantages fade much more quickly
in sectors where there are aggressive competitors. The second is the nature of the
competitive advantage. If the resource controlled by the firm is finite and scarce (as is
the case with natural resource reserves and vacant land), the competitive advantage
is likely to be sustainable for longer periods. Alternatively, if the competitive advan-
tage comes from being the first mover in a market or from having technological
expertise, it will come under assault far sooner. The most direct way of reflecting
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this competitive advantage in the value of the option is its life; the life of the
option can be set to the period of competitive advantage, and only the excess
returns earned over this period counts towards the value of the option.

If the first investment is necessary to get to the second investment and there are large
and sustainable returns, then the option to expand can be valuable.

The Option to Abandon a Project

When investing in new projects, firms worry about the risk that the investment will
not pay off and that actual cash flows will not measure up to expectations. Having the
option to abandon a project that does not pay off can be valuable, especially on proj-
ects with a significant potential for losses. In this section, we examine the value of the
option to abandon and its determinants.

The Payoff on the Option to Abandon The option pricing approach provides
a general way of estimating and building in the value of abandonment. To illustrate,
assume that /is the remaining value on a project if it continues to the end of its life,
and L is the liquidation or abandonment value for the same project at the same point
in time. If the project has a remaining life of n years, the value of continuing the proj-
ect can be compared to the liquidation (abandonment) value. If the value from con-
tinuing is higher, the project should be continued; if the value of abandonment is
higher, the holder of the abandonment option can consider abandoning the project.
The payoffs can be written as:

Payoff from owning an abandonment option = 0 if V> L

=l Vi L

These payoffs are graphed in Figure 27.7, as a function of the expected stock price.
Unlike the prior two cases, the option to abandon takes on the characteristics of a put
option.

% In Practice 27.5: Valuing an Option to Abandon

Figure 27.7 The
Option to Abandon a
Project

Assume that The Home Depot is considering a new store that requires a net initial invest-
ment of $9.5 million and generates cash flows with a present value of $8.563 million. The
net present value of -$937,287 would lead us to reject this project. To illustrate the effect

PV of cash flows
from project

Salvage value from
abandonment
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of the option to abandon, assume that The Home Depot has the option to close the store
any time over the next 10 years and sell the land back to the original owner for $5 mil-
lion. In addition, assume that the standard deviation'! in the present value of the cash
flows is 22%.

The value of the abandonment option can be estimated by determining the charac-
teristics of the put option:

Value of the Underlying Asset (S) = PV of Cash Flows from Project
=$ 8,562,713

Strike Price (K) = Salvage Value from Abandonment = $5 million
Variance in Underlying Asset’s Value = 0.222 = 0.0484

Time to expiration = Life of the Project = 10 years

Dividend Yield = 1/Life of the Project = 1/10 = 0.10 (We are assuming that the
project’s present value will drop by roughly 1/n each year into the project.)

Assume that the ten-year riskless rate is 5%. The value of the put option can be estimated
as follows: y

Value of Put = 5,000,000 exp0-05)(10) (1 — 0.4977) - 8,562,713 exp-0-10(10) (1 — 0,7548)
= $474,831

The value of this abandonment option has to be added to the net present value of the
project of -$937,287, yielding a total net present value that remains negative.

NPV without abandonment option = -$937,287
Value of abandonment option = +$474,831
NPV with abandonment option = ~$462,456

Although the abandonment option has value, it does not compensate for the negative
net present value of the investment.

Problems in Valuing the Option to Abandon In In Practice 27.5 we assumed,
rather unrealistically, that the abandonment value was clearly specified and did not
change during the life of the project. This may be true in some very specific cases in
which an abandonment option is built into the contract. More often, however, the
firm has the option to abandon, and the salvage value from abaondoning can only be
estimated. Furthermore, the abandonment value may change over the life of the proj-
ect, making it difficult to apply traditional option pricing techniques. Finally, it is
entirely possible that abandoning a project may not bring in a liquidation value but
may create costs instead. A manufacturing firm may have to pay severance to its work-
ers, for instance. In such cases, it would not make sense to abandon, unless the cash
flows on the project are even more negative.

Extensions and Implications of Abandonment Option The fact that the
option to abandon has value provides a rationale for firms to build the operating flex-
ibility to scale back or terminate projects if they do not measure up to expectations.
It also indicates that firms that try to generate more revenues by offering their

1 'We used the standard deviation in firm value at The Home Depot, which was 22% between 1993 and 1998.
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customers the option to walk away from commitments will have to weigh the higher
revenues against the cost of the options that have been granted to these customers.

The first and most direct way of creating an abandonment option is to build oper-
ating flexibility contractually with other parties that are involved in a project. Thus,
contracts with suppliers may be written on an annual basis rather than be long term,
and employees may be hired on a temporary basis rather than permanently. The phys-
ical plant used for a project may be leased on a short-term basis rather than bought,
and the financial investment may be made in stages rather than as an initial lump sum.
Although there is a cost to building in this flexibility, the gains may be much larger,
especially in volatile businesses.

On the other side of the transaction, offering abandonment options to customers
and partners in joint ventures can have a negative impact on value. As an example,
assume that a firm that sells its products on a multiyear contract basis offers customers
the option to cancel the contract at any time. While this system may increase sales, the
cost 1s likely to be substantial. In the event of a recession, firms that are unable to meet
their obligations are likely to cancel their contracts. Any benefits gained by the initial
sale (obtained by offering the inducement of cancellation by the buyer) may be offset
by the cost of the option provided to customers.

-7 § CT 27.2: A firm that is considering a new project with a net present value of -$100
million decides to invest in it because is provides it with expansion options. Under
what conditions do you think this is reasonable? When is it not?

Option Applications in Valuation

’ In traditional discounted cash flow models, a firm is valued by estimating cash flows
over a long time horizon (often an infinite period) and discounting the cash flows
back at a discount rate that reflects the riskiness of the cash flows. The value of equity
is obtained by subtracting the value of debt from firm value. There are at least three
scenarios in which the discounted cash flow approach will underestimate the value of
equity-in a firm. The first occurs when a firm gets a significant portion of its value
from patents or licenses; as we noted in the earlier section, a patent can be viewed as
an option on the underlying product. The second occurs when a natural resource firm
has undeveloped reserves; if an individual gold or oil reserve can be viewed as an
option on the underlying resource, a firm’s collective undeveloped reserves will be
worth more than its discounted cash flow value. In the third scenario, a firm has neg-
ative earnings and large liabilities. The option to liquidate the firm possessed by equity
investors, in conjunction with limited liability, can give equity value to troubled firms
that exceeds their discounted cash flow value. :

Valuing Firms with Patents or Licenses

In the last section, we valued a patent as an option. By extension, then, a firm that
derives a large proportion of its'value from patents or licenses can be valued, at least
partially, using option - pricing models. Telecommunication firms like Lucent and
Cisco, pharmaceutical firms such as Merck and Pfizer, and biotechnology firms like
Amgen are good examples. To use option pricing to value such firms, we have to value
them in three parts:



906 CHAPTER TWENTY-SEVEN / OPTION APPLICATIONS IN CORPORATE FINANCE

* Patents that have already been commercially developed and are producing cash flows for the
Sfirm currently: These patents are not options and should be valued based on their
expected cash flows and discounted present value.

* Patents the firm owns but has not commercially developed yet: These patents are options
and should be valued as such. The option value will be greater than the present
value of the expected cash flows from developing these patents today.

s Patents the firm expects to generate in the future: This is the most difficult part of the
valuation. Firms have ongoing research and can expect to generate patents in the
future. To the extent that these future patents will have value in excess of the cost
of generating these patents (the cost of R&D), they will add to the value of the firm.

In summary, the value of a firm with patents can be estimated as the sum of the three
components:

Value of Firm = Discounted Cash Flow Value of developed patents
+ Option Value of patents owned but not developed yet
+ (Option Value of patents that will be generated in the future
— R&D Cost of developing these patents)

The first of these components can be valued fairly easily by looking at the current cash
flows generated, and the second can be valued with some access to information about
potential markets and likely costs. The third component, however, will be difficult to
measure. If we assume that the cost of generating the patents will be equal to the value
created by them, we can ignore it. Firms such as Pfizer and Cisco that have a track
record of efficient research, where efficiency is defined as the capacity to generate
value in excess of costs, can gain substantial value from the third component. On the.
other hand, firms that spend significant amounts on R&D and generate few or no
valuable patents from the research can destroy value.

In practice, firms are seldom valued using this approach. Instead, they are valued
using either discounted cash flow models or relative to other firms in the same busi-
ness. Does that imply that they are undervalued because the option value of patents is
not being explicitly considered? Not necessarily. In discounted cash flows models, we
often compensate by allowing firms with valuable patents and efficient research oper-
ations to maintain higher growth and earn larger excess returns than their competi-
tors and, in relative valuation, by allowing these firms to command higher multiples
of earnings and revenues. If we decide to incorporate the option value of patents into
value, we have to make sure that we do not continue to assume high growth and
excess returns since that would be double counting the value of patents.

Valuing Natural Resource Firms

We valued a gold reserve and an oil reserve in the last section as options. A natural
resource firm with substantial undeveloped reserves can be valued using the same
principle. Like firms with patents, natural resource firms can be evaluated in three
parts:

* We can estimate the value of the developed reserves based on the expected cash
flows from these reserves. Since developed reserves are usually finite, the expected
cash flows from this component will also last for a limited period.
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* We can value the undeveloped reserves owned by the firm today, on the other hand,
as options. To value these reserves precisely, we should value each reserve separately
and aggregate the values. A shortcut that will deliver an approximate value!? is to
value the undeveloped reserves collectively as one option.

* The exploration costs incurred by natural resource firms can be expected to gener-
ate more reserves in the future. The value of these expected future reserves has to
be offset by the cost of generating these reserves.

We can write the value of a natural resource firm as:

Value of Firm = Discounted Cash Flow Value of Developed Reserves
+ Option Value of Undeveloped Reserves
+ (Option Value of Expected Future Reserves — Cost of
Exploration to generate these reserves)

Firms that are efficient in generating new reserves, where efficiency indicates that the
value of the reserves generated exceeds the exploration cost, will get value from the
third component. If the cost of generating the reserves is equal to the value of the
reserves, the third component will have no effect on value. If the firm expends more
on exploration than it receives in value from generated reserves, the third component
can destroy value.

Valuing Equity in Troubled Firms

In most publicly traded firms, equity has two features. The first is that the equity
investors run the firm and can choose to liquidate its assets and pay off other claim
holders at any time. The second is that the liability of equity investors in some private
firms and almost all publicly traded firms is restricted to their equity investments in
these firms. This combination of the option to liquidate and limited liability allows
equity to have the features of a call option. In firms with substantial liabilities and neg-
ative earnings, the option value of equity may be in excess of the discounted cash flow
value.

The Payoff on Equity as an Option The equity in a firm is a residual claim; that
is, equity holders lay claim to all cash flows left after other financial claim holders
(debt, preferred stock, etc.) have been satisfied. If a firm is liquidated, the same prin-
ciple applies; equity investors receive the cash that is left in the firm after all out-
standing debt and other financial claims have been paid off. With limited liability, if
the value of the firm is less than the value of the outstanding debt, equity investors
cannot lose more than their investment in the firm. The payoff to equity investors on
liquidation can therefore be written as:

Payoft to equity on liquidation = V' — D ifV>D
=0 if V<D

12 ]t is approximate because an option on a portfolio of assets is worth less than a portfolio of options on the
same assets. In other words, an option on the S&P 500 will be worth less than a portfolio of equivalent options
on each of the 500 stocks.
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Figure 27.8 Payoff
on Equity as Option
on a Firm

Net payoff on
equity

Face value
of debt

Value of firm

where
V' = Liquidation Value of the firm
D = Face Value of the outstanding debt and other external claims

Equity can thus be viewed as a call option-on the firm, where exercising the option
requires that the firm be liquidated and the face value of the debt (which corresponds
to the exercise price) be paid off. The firm is the underlying asset, and the option
expires when the debt comes due. The payoffs are shown in Figure 27.8.

In Practice 27.6: Valuing Equity as an Option

Assume that you are valuing the equity in a firm whose assets are currently valued at $100
million; the standard deviation in this asset value is 40%. The face value of debt is $80 mil-
lion. (It is zero-coupon debt with 10 years left to maturity.) The 10-year treasury bond rate
is 10%. We can value equity as a call option on the firm, using the following inputs for
the option pricing model:

Value of the underlying assets = S = Value of the firm = $100 million
Exercise price = K = Face value of outstanding debt = $80 million
Life of the option = t = Life of zero-coupon debt = 10 years
Variance in the value of the underlying asset = 62 = Variance in firm value = 0.16
Riskless rate = r = Treasury bond rate corresponding to option life = 10%

Based on these inputs, the Black-Scholes model provides the following value for the call:

di = 1.5994 N(d,) = 0.9451
d; = 0.3345 N(d;) = 0.6310

Value of the call = 100 (0.9451) — 80 exp(-0-19(10) (0.6310) = $75.94 million

Since the call value represents the value of equity and the firm value is $100 million, the
estimated value of the outstanding debt is:

Value of the outstanding debt = $100 - $75.94 = $24.06 million
The debt is a 10-year zero-coupon bond, and the market interest rate on the bond is:

Interest rate on debt = ($80/$24.06)"1° -1 = 12.77%
Thus, the default spread on this bond should be 2.77%.
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Implications of Viewing Equity as an Option The first implication of view-
ing equity as a call option is that equity will have value, even if the value of the firm
falls well below the face value of the outstanding debt. Although the firm will be
viewed as troubled by investors, accountants, and analysts, its equity is not worthless.
Just as deep out-of-the-money traded options command value because of the possi-
bility that the value of the underlying asset may increase above the strike price in the
remaining lifetime of the option, equity commands value because of the time pre-
mium on the option (the time until the bonds mature and come due) and the possi-
bility that the value of the assets may increase above the face value of the bonds before
they come due.

Revisiting the preceding example, assume that the value of the firm drops to $50
million, below the face value of the outstanding debt ($80 million). Assume that all
the other inputs remain unchanged. The parameters of equity as a call option are as
follows: :

Value of the underlying asset = S = Value of the firm = $50 million
Exercise price = K = Face value of outstanding debt = $80 million
Life of the option = ¢t = Life of zero-coupon debt = 10 years
Variance in the value of the underlying asset = 62 = Variance in firm value = 0.16
Riskless rate = r = Treasury bond rate corresponding to option life = 10%

Based on these inputs, the Black-Scholes model provides the following value for the
call:
dy = 1.0515 N(d;) = 0.8534

d=-02135  N(d)) = 0.4155
Value of the call (equity) = 50 (0.8534) — 80 exp(-2-19(10) (0.4155) = $30.44 million
Value of the bond = $50 — $30.44 = $19.56 million

As you can see, the equity in this firm retains value because of the option character-
istics of equity. Equity continues to have value in this example even if the firm value
drops to $10 million or below, as shown in Figure 27.9.

Estimating the Value of Equity as an Option The examples we have used thus
far to illustrate the application of option pricing to value equity have included some
simplifying assumptions. Among them are the following:

1. There are onl? two claim holders in the firm — debt and equity.

2. There is only one issue of debt outstanding, and it can be retired at face value.

3. The debt has a zero coupon and no special features (convertibility, put clauses
etc.).

4. The value of the firm and the variance in that value can be estimated.

Each of these assumptions is made for a reason. First, by restricting the claim holders
to just debt and equity, we make the problem more tractable; introducing other claim
holders such as preferred stock makes it more difficult to arrive at a result, though not
impossible. Second, by assuming only one zero-coupon debt issue that can be retired
at face value any time prior to maturity, we align the features of the debt more closely
to the features of the strike price on a standard option. Third, if the debt is coupon
debt, or more than one debt issue is outstanding, the equity investors can be forced to
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Figure 27.9 Value of
Equity as Firm Value
Changes
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exercise (liquidate the firm) at these earlier coupon dates if they do not have the cash
flows to meet their coupon obligations.

Finally, knowing the value of the firm and the variance in that value makes the
option pricing possible, but it also raises an interesting question about the usefulness
of option pricing in equity valuation. If the bonds of the firm are publicly traded, the
market value of the debt can be subtracted from the value of the firm to obtain the
value of equity much more directly: The option pricing approach does have its advan-
tages, however. Specifically, when the debt of a firm is not publicly traded, option pric-
ing theory can provide an estimate of value for the equity in the firm. Even when the
debt is publicly traded, the bonds may not be correctly valued, and the option pricing
framework can be useful in evaluating the values of debt and equity. Finally, relating
the values of debt and equity to the variance in firm value provides some insight into
the redistributive effects of the firm’s actions.

¢/ CC 27.4: In In Practice 27.6, the debt outstanding took the form of 10-year zero-

coupon bonds. Would the value of equity as an option increase or decrease if the
bonds had been 10-year coupon bonds?

Inputs for Valuing Equity as an Option Since most firms do not fall into the
neat framework developed above (such as having only one zero-coupon bond out-
standing), we have to make some compromises to use this model in valuation.

We can obtain the value of the firm in one of three ways. In the first, we cumu-
late the market values of outstanding debt and equity, assuming that all debt and equity
are traded, to obtain firm value. The option pricing model then reallocates the firm
value between debt and equity. This approach, though simple, is internally inconsis-
tent. We start with one set of market values for debt and equity, and, using the option
pricing model, we end up with entirely different values for each.
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In the second, we estimate the market values of the firm’s assets by discounting
expected cash flows at the cost of capital. The one consideration that we need to
keep in mind is that the value of the firm in an option pricing model should be
the value obtained on liquidation. This may be less than the total firm value, which
includes expected future investments, and it may also be reduced to reflect the cost
of liquidation. If we estimate the firm value using a discounted cash flow model,
this would suggest that we should consider only existing investments'? while esti-
mating firm value.

We can use the third approach for firms that have separable assets that are individ-
ually traded. For example, we can value a troubled real estate firm that owns five prop-
erties by valuing each property separately and then aggregating the values.

We can obtain the variance in firm value directly if both stocks and bonds in the
firm are traded. Defining 6,2 as the variance in the stock price and 6,7 as the variance
in the bond price, w, as the market value weight of equity, and w; as the market value
weight of debt, we can write the variance in firm value as'*

ozﬁrm TE wez 0(‘2 &5 Wdz ch + 2w, wy Ped Cc O4

where p,g is the correlation between the stock and the bond prices. When the bonds
of the firm are not traded, we can use the variance of similarly rated bonds as the esti-
mate of 67 and the correlation between similarly rated bonds and the firm’ stock as
the estimate of Py

When companies get into financial trouble, this approach can yield misleading
results as both its stock prices and its bond prices become more volatile. An alter-
native that often yields more reliable estimates is to use the average variance in firm
value for other firms in the sector. Thus, the value of equity in a deeply troubled
steel company can be estimated using the average variance in firm value of all
traded steel companies.

Most firms have more than one debt issue on their books, and much of the debt
comes with coupons. Since the option pricing model permit only one input for the
time to expiration, we have to convert these multiple bonds issues and coupon pay-
ments into one equivalent zero-coupon bond. One solution, which takes into account
both the coupon payments and the maturity of the bonds, is to estimate the duration
of each debt issue and calculate a face-value-weighted average of the duration of the
different issues. This value-weighted duration is then used as a measure of the time to
expiration of the option.

When firms have more than one debt issue on their books, the face value of debt
that is used has to include all the principal outstanding on the debt. To stay consistent
with the notion of converting all debt into the equivalent of a zero-coupon bond, it
makes sense to cumulate expected nominal coupon (or interest) payments!> on the
debt over its lifetime and add the sum to the face value of debt.

13 Technically, this can be done by putting the firm into stable growth and valuing it as a stable-growth firm,
where reinvestments are used to either preserve or augment existing assets.

14 This is an extension of the variance formula for a two-asset portfolio, introduced in Chapter 6.

15 If we do not cumulate the coupons and add them to the face value, we will tend to understate the value of
the debt.
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in Practice 27.7: Valuing Equity as an Option — Eurotunnel

Eurotunnel was the firm that was created to build and ultimateiy profit from the tunnel
under the English Channel, linking England and France. Although the tunriel was readied
for operations in the early 1990s, it was never a commercial success and reported significant
losses each year after opening. In early 1998, Eurotunnel had a book value of equity of
—£117 million, and in 1997, the firm had reported earnings before interest and taxes of -£56
million and net income of —£685 million. By any measure, it was a firm in financial trouble.

Much of the financing for the tunnel had come from debt, and at the end of 1997
Eurotunnel had debt obligations in excess of £8,000 million, including expected coupon
payments. The following table summarizes the outstanding debt at the firm, with our
estimates of the expected duration for each class of debt:

Table 27.1 Debt Breakdown for Eurotunnel

Face Value (including Duration
Debt Type cumulated coupons)? (years)
Short term £935 0.50
10 year £2435 6.7
20 year £3555 12.6
Longer £1940 18.2
Total £8,865 10.93

2|n millions.

The firm’s only significant asset is its ownership of the tunnel, and we estimated the
value of this asset from its expected cash flows and the appropriate cost of capital. The
assumptions we made were as follows:

1. Revenues will grow 5% a year in perpetuity.

2. The cost of goods sold (COGS), which was 85% of revenues in 1997, will drop to 65%
of revenues by 2002 and stay at that level.

3. Capital spending and depreciation will grow 5% a year in perpetuity.
4. There are no working capital requirements.

5. The debt ratio, which was 95.35% at the end of 1997, will drop to 70% by 2002. The
cost of debt is 10% for the next five years and 8% after that.

6. The beta for the stock will be 1.10 for the next five years and drop to 0.8 thereafter (as
the leverage decreases).

The long-term bond rate at the time of the valuation was 6% and the risk permium used
is 5.5%. Based on these assumptions, we estimated the cash flows in Table 27.2. (For sim-
plicity, we assumed that the firm would get a tax credit from its operaing losses. In reality,
these would be carried forward into the future.)

Table 27.2 Estimated FCFF: Eurotunnel

1 2 3 4 5
Revenues 470 494 519 545 572
- COGS 400 395 389 381 372
- Depreciation 141 145 150 154 159
EBIT (71) (47) (20) 9 41
- EBIT*t (25) (16) (7) 3 14
EBIT (1-1) (46) (30) (13) 6 27
+ Depreciation 141 145 150 154 159
- Capital Spending 46 48 49 51 52
- Chg. Working Capital 0 0 0 0 0
Free CF to Firm 49 67 87 110 133
Terminal Value 2,710

Present Value 46 59 72 84 2,051
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The value of the assets of the firm is £2,312 million.

The final input we estimated was the standard deviation in firm value. Since there are
no directly comparable firms, we estimated the standard deviations in Eurotunnel stock
and debt using the data over the previous years:

Standard deviation in Eurotunnel stock price (/n) = 41%
Standard deviation in Eurotunnel bond price (In) = 17%
We also estimated a correlation of 0.50 between Eurotunnel stock and bond prices, and

the average market debt to capital ratio during the two-year period was 85%. Combin-
ing these inputs, we estimated the standard deviation in firm value to be:

Sfirm?= (0.15)2 (0.41)? + (0.85)2 (0.17)2 + 2 (0.15) (0.85)(0.5)(0.41)(0.17)= 0.0335

In summary, the inputs to the option pricing m'odel were as follows:
Value of the underlying asset = S = Value of the firm = £2,312 million
Exercise price = K = Face value of outstanding debt = £8,865 mil
Life of the option = t = Weighted average duration of debt = 10.93 years
Variance in the value of the underlying asset = 62 = Variance in fi;m value = 0.0335

Riskless rate = r = Treasury bond rate corresponding to option life = 6%

Based on these inputs, we estimate the following value for the call:

d; =-0.8337 N(d,) = 0.2023
dy =-1.4392 N(d,) = 0.0751

Value of the call = 2,312 (0.2023) - 8,865 exp(-0-06)(10.93) (0,0751) = £122 million

Eurotunnel’s equity was trading at £150 million in 1997.

The option pricing framework, in addition to yielding a value for Eurotunnel equity,
also yields some valuable insight into the drivers of value for this equity. While it is cer-
tainly important that the firm try to bring costs under control and increase operating mar-
gins, the two most critical variables determining equity value are the duration of the debt
and the variance in firm value. Any action that increases (decreases) the debt duration will
have a positive (negative) effect on equity value. For instance, when the French govern-
ment put pressure on the bankers who had lent money to Eurotunnel to ease restrictions
and allow the firm more time to repay its debt, equity investors benefited as their options
became more long term. Similarly, an action that increases the volatility of expected firm
value will increase the value of the option.

CT 27.3: Assume that you are valuing the equity in two firms with high leverage
and negative earnings. One has very long-term debt, and the other has short-term
debt. Which one would you expect to have more valuable equity? Why?

Option Pricing in Capital Structure and Dividend
Policy Decisions

Option pricing theory can be applied to financing and dividend decisions in a num-
ber of ways. One is to illustrate the conflict between stockholders and bondholders
when it comes to investment analysis and conglomerate mergers. A second is in the
design and valuation of securities. A third is to examine the value of financial flexi-
bility, a reason cited by firms that have excess debt capacity and large cash balances.
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The Conflict between Bondholders and Stockholders

Stockholders and bondholders have different objective functions, and this can lead to
agency problems whereby stockholders expropriate wealth from bondholders. The
conflict can manifest itself in a number of ways. For instance, stockholders have an
incentive to invest in riskier projects than bondholders and to pay more out in divi-
dends than bondholders would like them to. The conflict between bondholders and
stockholders can be illustrated dramatically using the option pricing methodology
developed in the previous section.

Investing in Risky Projects Since equity is a call option on the value of the firm,

other things remaining equal, an increase in the variance in the firm value will lead to

an increase in the value of equity. It is therefore conceivable that stockholders can

invest in risky projects with negative net present values, which, while making them

better off, may make the bonds and the firm less valuable. To illustrate, consider the

- firm in In Practice 27.6-with a value of assets of $100 million, a face value of zero-

coupon 10-year debt of $80 million, and a standard deviation in the value of the firm

+ of 40%, which we valued in the earlier illustration. The equity and debt in this firm
were valued as follows:

Value of Equity = $75.94 million
Value of Debt = $24.06 million

Value of Firm = $100 million

Now assume that the stockholders have the opportunity to invest in a project with a
net present value of —$2 million; the project is a very risky one that will push up the
standard deviation in firm value to 50%. The equity as a call option can then be val-
ued using the following inputs:

Value of the underlying asset = S = Value of the firm = $100 million — $2 million = $98
million (The value of the firm is lowered because of the negative net present value project.)
Exercise price = K = Face value of outstanding debt = $80 million
Life of the option = t = Life of zero-coupon debt = 10 years
Variance in the value of the underlying asset = 6 = Variance in firm value = 0.25
Riskless rate = r = Treasury bond rate corresponding to option life = 10%

Based on these inputs, the Black-Scholes model provides the following value for the

equity and debt in this firm.
Value of Equity = $77.71
Value of Debt = $20.29
Value of Firm = $98.00
The value of equity rises from $75.94 million to $77.71 million, even though the firm

value declines by $2 million. The increase in equity value comes at the expense of
bondholders, who find their wealth decline from $24.06 million to $20.19 million.
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¢/ CC 27.5: Given this conflict between stockholder and bondholder interests, what
type of covenants or restrictions would you put on the managers of firms in finan-

cial distress? What else would you try to do to reduce your exposure to a loss of
wealth?

Conglomerate Mergers Bondholders and stockholders may also be affected dif-
ferently by conglomerate mergers, where the variance in earnings and cash flows of
the combined firm can be expected to decline because the merging firms have earn-
ing streams that are nct perfectly correlated. In these mergers, the value of the com-
bined equity in the firm will decrease after the merger because of the decline in
variance; consequently, bondholders will gain. Stockholders can reclaim some or all
of this lost wealth by utilizing their higher debt capacity and issuing new debt. To
illustrate, suppose you are provided with the following information on two firms,
Lube & Auto (auto service) and Gianni Cosmetics (a cosmetics manufacturer),
which hope to merge.

Lube & Auto Gianni Cosmetics

Value of the firm  ~ $100 million $150 million

Face value of debt $80 million $50 million  (Zero-coupon debt)
Maturity of debt 10 years 10 years

Std. dev. in firm value 40 % 50 %

Correlation between 0.4

firm cash flows
The 10-year bond rate is 10%.

We calculate the variance in the value of the firm after the acquisition as follows:

Variance in combined firm value = w2 6,2 + wy? 622 + 2 wy w; P12 Gy Oz
= (0.4 (0.16) + (0.6 (0.25) + 2 (0.4) (0.6) (0.4) (0.4) (0.5)
=0.154

We estimate the values of equity and debt in the individual firms and the combined
firm using the option pricing model:

Lube & Auto Gianni Combined Firm

Value of equity in the firm $75.94 $134.47 $207.43
Value of debt in the firm $24.06 $15.53 $42.57
Value of the firm $100.00 $150.00 $250.00

The combined value of the equity prior to the merger is $210.41 million; it declines to
$207.43 million after that. The wealth of the bondholders increases by an equal amount.
As a consequence of the merger, there is a transfer of wealth from stockholders to bond-
holders. Thus, conglomerate mergers that are not followed by increases in leverage are
likely to result in a wealth transfer from stockholders to bondholders.

Security Design and Valuation

In Chapter 20, we proposed that firms should try to match the cash flows on their
financing as closely as possible to the cash flows on their assets. By doing so, they
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reduce the likelihood of default risk and increase debt capacity. Combining options
with straight bonds can sometimes allow a firm to accomplish this matching, as in the
following cases:

* A convertible bond is a combination of a conversion option and a straight bond.
Convertible bonds allow firms with high-growth potential, high volatility in earn-
ings and cash flows, and low cash flows to borrow without exposing themselves to
significant default risk.

* A commodity bond, which is a bond whose coupon rate is tied to commodity
prices, is a combination of an option on a commodity (such as gold or oil) and a
straight bond. Commodity firms whose earnings tend to move with commodity
prices can gain by using these bonds

* A catastrophe bond allows for the suspension of coupon payments and/or the
reduction of principal in the event of a specified catastrophe. For insurance compa-
nies, which are often exposed to large liabilities in the event of a catastrophe (such
as an earthquake or a hurricane), it provides a relatively default risk-free approach
to borrowing.

In each of these cases, options allow us to create customized securities and to value
them.

Value of Financial Flexibility

When making financial decisions, managers consider the effects of such decisions
on their capacity to make new investments or meet unanticipated contingencies in
future periods. Practically, this translates into firms maintaining excess debt capac-
ity or larger cash balances than are warranted by current needs to meet unexpected
future requirements. While maintaining this financing flexibility has value to firms,
it also has a cost; the large cash balances might earn below-market returns, and
excess debt capacity implies that the firm is giving up some value and has a higher
cost of capital.

Determinants of the Value of Financial Flexibility One reason that a firm
maintains large cash balances and excess debt capacity is to have the option to take
unexpected projects with high returns in the future. To value financial flexibility as
an option, assume that a firm has expectations about how much it will need to
reinvest in future periods, based on its own past history and current conditions in
the industry. Assume also that a firm has expectations about how much it can raise
from internal funds and its normal access to capital markets in future periods. There
is uncertainty about future reinvestment needs. For simplicity, we will assume that
the capacity to generate funds is known with certainty to the firm. The advantage
(and value) of having excess debt capacity or large cash balances is that the firm can
meet any reinvestment needs, in excess of funds available, using its debt capacity.
The payoft from these projects, however, comes from the excess returns the firm
expects to make on them. To value financial flexibility on an annualized basis,
therefore, we will use the following measures:
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Estimation Approach

S

Expected Annual Reinvestment Needs as
percent of firm value

Annual Reinvestment Needs as percent of
firm value that can be raised without
financing flexibility

Variance in reinvestment needs

1 year

Use historical average of (Net Capital
Expenditure + Change in Noncash Work-
ing Capital)/Market Value of Firm

If firm does not want to or cannot use

external financing use

(Net Income — Dividend + Deprecia-
tion)/Market Value of Firm

If firm uses external capital (bank debt,
bonds or equity) regularly use

(Net Income + Depreciation + Net Exter-
nal Financing)/Market Value of Firm

Variance in the reinvestment as percent of
firm value (using historical data)

To get an annual estimate of the value of

flexibility

% In Practice 27.8: Valuing Financial Flexibility at The Home Depot

We estimated these inputs for The Home Depot, starting with the reinvestments as a per-
centage of firm value. The following table summarizes these numbers from 1989 to 1998:

Reinvestment

Reinvestment Firm Needs as Percent In(Reinvestment
Year Needs Value of Firm Value Needs)
1989 $175 $2,758 6.35 -2.7563329
1990 374 3,815 9.80 -2.3224401
1991 427 .13/ 8.31 -2.4874405
1992 456 7,148 6.38 -2.7520951
1993 927 9,239 10.03 -2.2992354
1994 1,176 12,477 9.43 -2.3617681
1995 1,344 15,470 8.69 -2.4432524
1996 1,086 19,535 5.56 -2.8897065
1997 1,589 24,156 6.58 -2.7214279
1998 1,817 30,219 6.01 -2.8112841

Average Reinvestment needs as % of Firm Value = 7.71%

Standard Deviation in In(Reinvestment Needs) = 22.36%

We followed up by estimating internal funds as a percentage of firm value, using the sum
of net income and depreciation as a measure of internal funds:
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finflex.xIs allows you
to estimate the value
of financial flexibility
as an option.

Firm
Year Net Income  Depreciation Value Internal Funds/Value (%)
1989 $112 $21 $2,758 4.82
1990 163 34 3,815 5.16
1991 249 52 5137 5.86
1992 363 70 7,148 6.06
1993 457 90 9,239 5.92
1994 605 130 12,477 5.89
1995 732 D8 15,470 5.90
1996 938 232 19,535 5.99
1997 1,160 283 24,156 5.97
1998 1,614 373 30,219 6.58

Internal funds, on average, were 5.82% of firm value between 1989 and 1998. Since the
firm uses almost no external debt, the firm made up the difference between its reinvest-
ment needs (7.71%) and internal fund generation (5.82%) by issuing equity. We will
assume, looking forward, that The Home Depot will no longer issue new equity.

The Home Depot’s current debt ratio is 4.55%, and its current cost of capital is
9.51%. From Chapter 19, we estimated its optimal debt ratio to be 20%, and its cost of
capital at that debt level is 9.17%. Finally, The Home Depot in 1998 earned a return on
capital of 16.37%; we will assume that this is the expected return on new projects as
well.

S = Expected Reinvestment Needs as percent of Firm Value = 7.71%

K = Reinvestment needs that can be financed without flexibility = 5.82%
t=1year

o2 = Variance in In(Net Capital Expenditures) = (0.2237)2 = 0.05

With a risk-free rate of 6%, the option value that we estimate using these inputs is
0.02277. We then converted this option value into a measure of the value of financing
flexibility by multiplying the value by the annual excess return on the new project and
then assuming that the firm foregoes these excess returns forever!6:

Value of Flexibility = 0.02277 (Return on Capital — Cost of Capital)/Cost of Capital
=0.02277 (0.1637 — 0.0951)/0.0951 = 1.6425%

On an annual basis, the flexibility generated by the excess debt capacity is worth 1.6425%
of firm value at The Home Depot, which is well in excess of the savings (9.51% - 9.17% =
0.34%) in the cost of capital that would be accomplished, if it used up the excess debt
capacity.

The one final consideration here is that this estimate does not consider the fact that
The Home Depot does not have unlimited financial flexibility. In fact, assume that excess
debt capacity of The Home Depot (which is 15.45%, the difference between the optimal
debt ratio and the current debt ratio) is the upside limit on financial flexibility. We can
value the effect of this limit by valuing a call with the same parameters as the call
described above, but with a strike price of 21.27% (15.45% + 5.82%) and subtracting this
value from the value estimated above. In this case, the effect of imposing this constraint
on the value of flexibility is negligible.

Implications of Financial Flexibility Option Looking at financial flexibility as
an option yields valuable insights on when financial flexibility is most valuable. Using
the approach developed above, for instance, we would argue that:

16 We are assuming that the project that a firm is unable to take because it lacks financial flexibility is lost for-
ever and that the excess returns on this project would also have lasted forever. Both assumptions are strong and
may result in overstatement of the lost value.
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 Other things remaining equal, firms operating in businesses where projects earn
substantially higher returns than their hurdle rates should value flexibility more than
those that operate in stable businesses where excess returns are small. This would
imply that firms such as Microsoft and Dell, which earn large excess returns on their
projects, can use the need for financial flexibility as justification for holding large
cash balances and maintaining excess debt capacity.

Since a firm’s ability to fund these reinvestment needs is determined by its capacity
to generate internal funds, other things remaining equal, financial flexibility should
be worth less to firms with large and stable earnings, as a percentage of firm value.
Firms that have small or negative earnings, and therefore much lower capacity to
generate internal funds, will value flexibility more.

Firms with limited internal funds can still get away with little or no financial flexi-
bility if they can tap external markets for capital — bank debt, bonds, and new
equity issues. Other things remaining equal, the greater the capacity (and the will-
ingness) of a firm to raise funds from external capital markets, the less should be the
value of flexibility. This may explain why private or small firms, which have far less
access to capital, will value financial flexibility more than larger firms. The existence
of corporate bond markets can also make a difference in how much flexibility is val-
ued. In markets where firms cannot issue bonds and have to depend entirely on
banks for financing, there is less access to capital and a greater need to maintain
financial flexibility. In The Home Depot example above, a willingness to tap exter-
nal funds — debt or equity — would reduce the value of flexibility substantially.

The need for and the value of flexibility is a function of how uncertain a firm is
about future reinvestment needs. Firms with predictable reinvestment needs should
value flexibility less than firms in businesses where reinvestment needs are volatile
on a period-to-period basis.

external capital? What implications would you draw for the value of financing
flexibility at these firms?

CT 27.4: What types of firms are likely to face significant constraints in raising

Option pricing theory has wide applicability in corporate finance, and we have
explored a range of these applications in this chapter. We began with a discussion of
some of the measurement issues that make the pricing of real options more difficult
than the pricing of options on financial assets. We then considered three options
embedded in investment projects — the option to expand a project, the option to
abandon a project, and the option to delay a project. The option to expand an invest-
ment has value because the value of the cash flows from expanding are uncertain and
may have high value under some scenarios. The option to delay an investment implies
that the rights to an investment with negative net present value today may still be valu-
able because the variability in cash flows may make it a positive net present value
investment in the future. In fact, patents, undeveloped natural resource reserves, and
research and development can all be viewed as options to delay. Finally, the option to
abandon an investment protects a firm from potential downside if the cash flows turn
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out to be negative, and it makes the investment more attractive. In all these cases, the
underlying asset is the project, and the options add value to the firm. The value of
these options should be incorporated into investment analysis and may result in the
acceptance of otherwise unacceptable investments.

In capital structure, option pricing can be used to value financial flexibility. In par-
ticular, firms maintain excess debt capacity or large cash balances so as to be able to
invest in attractive projects that may show up unexpectedly — acquisition opportuni-
ties, for instance. The value of flexibility as an option will be greater for firms with
uncertain investment needs, with the potential for large and sustainable excess returns
on new investments.

In valuation, the value of equity in deeply troubled firms — firms with negative
earnings and high leverage — can be viewed as a call option. The option rests in the
hands of equity investors who can choose to liquidate the firm and claim the differ-
ence between firm value and debt oustanding, With limited liability, they do not have
to make up the difference if firm value falls below the value of the outstanding debt.
The equity will retain value even when the value of the firm’s assets is lower than the
debt outstanding because of the time premium on the option.

Questions

1. Assume that you price a deep out-of-the-money
option using the Black-Scholes model, and then becomes financially viable (i.e., when its NPV
revalue it with a jump process model. Which model exceeds zero).

will give you a higher value and why? e. The value of the rights to a project will increase as
2. You have been offered the rights to a technology for the volatility of the industry and the technology

the next 10 years. The technology is not financially underlying the project increase.

viable now but could be valuable in the future. What 5

are some of the variables that will determine how

much you would be willing to pay for this technology?

d. A company should take on a project as soon as it

You are comparing two investments with the same net
present value. However, you have a partner on one of
the investments who is willing to buy out your stake
in the investment any time over the next 10 years for
half of what you paid for it. Would that make a differ-
ence in your choice? Why or why not?

3. A consumer product firm is considering making a
major investment in China. The investment is
expected to cost $2 billion, and the present value of
the expected cash flows on the investment is only $1.5 6. Firms that require their initial ventures in new mar-
billion. However, the firm believes that there are sub- kets to carry their own weight (i.e., have positive net
stantial expansion opportunities in China. Would that present values) are much less likely to enter these mar-
Justify investing the $2 billion? Why or why not? kets. Comment.

4

Answer true or false to the following statements: 7. We have argued that equity in firms with negative
earnings and significant leverage can be viewed as
options. Would this argument apply if you were look-
ing at a private business, with negative earnings, signif-
icant leverage, and an owner with unlimited liability?

a. The right to pursue a project will not be valuable
if there is a great deal of uncertainty about the via-
bility of the project.

b. A project can be viewed as an option only if there

Y : - 8." Assume that you value a pharmaceutical firm, using a
are some barriers to entry which prevent competi- Y P 8

traditional discounted cash flow model. You assume

tors from replicating it.

c. A company that has valuable patents that do not yet
generate cash flows and earnings will be underval-
ued using traditional discounted cash flow valua-
tion.

that the firm’s earnings will grow 25% a year for the
next 10 years because it has a number of valuable
patents that it has not commercially developed yet.
Given the view of patents as options, would you
under- or overestimate the value of the firm?
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10.

In investment analysis, we argued that investments
with negative net present value should never be
accepted. Why might a firm with significant leverage
and negative earnings accept such an investment?

GenSee Corporation is a large, diversified firm with
large, stable earnings and easy access to capital markets.

Problems
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The firm has significant excess debt capacity and
argues that it needs the financial flexibility provided
by the debt capacity. Would you agree with this argu-
ment? Why or why not?

In the problems below; you can use a market risk premium of 5.5% and a tax rate of 40% where none is specified.

i

Merck has asked you to assess the value of a patent on
a drug for treating Parkinson’s disease that it would
like to acquire from Genzyme, a small biotechnology
firm. The patent was obtained three years ago and had
a 17-year life when it was granted” The drug has been
approved by the FDA, and the current assessment is
that it would cost $1 billion to develop it for com-
mercial production. Based on the potential market and
competition, it is believed that the after-tax cash flows
on the drug would be $100 million, growing at 5% a
year until the patent expires. In addition, you are pro-
vided with all of the following information (some of
which might be redundant or useless). You can also
assume that this is the only product that Genzyme has
as a firm.

Merck ~ Genzyme

Cost of equity 12% 15%
After-tax Cost of debt 4% 4%
Debt/Capital Ratio 10% 10%
Std Dev in firm value 25% 50%

The treasury bond rate is 5%. Estimate the value of
this patent as an option.

. A company is considering delaying a project with

after-tax cash flows of $25 million but that costs
$300 million to take. (The life of the project is 20
years, and the cost of capital is 16%.) A simulation of
the cash flows leads you to conclude that the stan-
dard deviation in the present value of cash inflows is
20%. If you can acquire the rights to the project for
the next 10 years, what are the inputs for the option
pricing model? (The six-month T.bill rate is 8%, the
10-year bond rate is 12%, and the 20-year bond rate
is 14%.)

. You are valuing the compensation package of an

executive for your company. He has been guaranteed
$500,000 next year, and he will also receive $10,000
for every dollar above $50 the stock price rises over
the next year. The bonus package will be capped off
at $250,000 (i.e., the executive will receive no addi-
tional bonuses if the stock price exceeds $75). The
current stock price is $45. This company has only put

options traded on it on the options exchange. The
prices of the traded put options are as follows:

Strike price  3-month 6-month 1 year
45 1.00 225 3.00
50 7.00 9.00 12.00
75 30.25 30.50 31.00

The riskless interest rate is 10%. Value this package.

4. You have been approached by a real estate conglom-

erate with a deal: You can buy 100,000 square feet of
space in a mall at $50/square foot. Over the next 10
years, you expect to make an after-tax cash inflow of
$500,000 a year. At the end of 10 years, you expect to
be able to sell the space back at $5 million to other
investors.

a. From a standard capital budgeting analysis, would
you take this project if your discount rate were
15%?

b. Assume that as an inducement, the .promoters offer
to give you the option to buy another 100,000
square feet at today’s price anytime over the next
five years. The five-year bond rate is 6%, and the
prices per square foot for the last six years have
been as follows:

Year Price/Square Foot
+6 $20
=5 $30
—4 $55
=& $70
=2 $55
=1 $50

What is the value of this option?

5. Designate the following statements as true or false:

a. Equity can be viewed as an option because equity
investors have limited liability (limited to their
equity investment in the firm).

b. Equity investors will sometimes take bad projects
(with negative net present value) because they can
add to the value of the firm.
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c. Investing in a good project (with positive NPV) —
which is less risky than the average risk of the firm
— can negatively impact equity investors.

d. The value of equity in a firm is an increasing func-
tion of the duration of the debt in the firm (i.e.,
equity will be more valuable in a firm with longer
term debt than an otherwise similar firm with
short-term debt).

e. In a merger in which two risky firms merge and do
not borrow more money, equity can become less
valuable because existing debt will become less
risky.

- XYZ Corporation has $500 million in zero-coupon

debt outstanding, due in five years. The firm had earn-
ings before interest and taxes of $40 million in the
most recent year (the tax rate is 40%). These earnings
are expected to grow 5% a year in perpetuity, and the
firm paid no dividends. The firm had a cost of equity
of 12% and a cost of capital of 10%. The annualized
standard deviation in firm values of comparable firms
15 12.5%. The five-year bond rate is 5%. (ROC = Cost
of capital.)

a. Estimate the value of the firm.

b. Estimate the value of equity, using an option pric-
ing model.

c. Estimate the market value of debt and the appro-
priate interest rate on the debt.

McCaw Cellular Communications reported earn-
ings before interest and taxes of $850 million in
1993 and had a depreciation allowance of $400 mil-
lion in that year (which was offset by capital spend-
ing of an equivalent amount). The earnings before
interest and taxes are expected to grow 20% a year
for the next five years and 5% a year after that. The
cost of capital is 10%. The firm has $10 billion in
debt outstanding with the following characteristics:

(Tax rate = 40%)

Duration Debt

1 year $2 billion
2 years $4 billion
5 years $4 billion

The annualized standard deviation in the firm’s stock
price is 35%, while the annualized standard deviation in
the traded bonds is 15%. The correlation between stock
and bond prices has been 0.5. The firm has a
debt/equity ratio of 50%, and the after-tax cost of debt
is 6%. (The beta of the stock is 1.50; the 30-year treas-
ury bond rate is 7%.) The three-year bond rate is 5%.

a., Estimate the value of the firm.
b. Estimate the value of the equity.

10.

c. The stock was trading at $60, and there were 210
million shares outstanding in January 1994. Esti-
mate the implied standard deviation in firm value.

d. Estimate the market value of the debt.

- You are examining the financial viability of investing

in some abandoned copper mines in Chile, which still
have significant copper deposits. A geologist survey
suggests that there might still be 10 million pounds of
copper in the mines and that the cost of opening up
the mines will be $3 million (in present value dollars).
The capacity output rate is 400,000 pounds a year, and
the price of copper is expected to increase 4% a year.
The Chilean government is willing to grant a 25-year
lease on the mine. The average production cost is
expected to be 40 cents a pound, and the -current
price per pound of copper is 85 cents. (The produc-
tion cost is expected to grow 3% a year, once initi-
ated.) The annualized standard deviation in copper
prices is 25%, and the 25-year bond rate is 7%.

a. Estimate the value of the mine using traditional
capital budgeting techniques.

b. Estimate the value of the mine based on an option
pricing model.

¢. How would you explain the difference between
the two values?

- You have been asked to analyze the value of an oil

company with substantial oil reserves. The estimated
reserves amount to 10 million barrels, and the esti-
mated present value of the development cost for each
barrel is $12. The current price of oil is $20 per bar-
rel, and the average production cost is estimated to be
$6 per barrel. The company has the rights to these
reserves for the next 20 years, and the 20-year bond
rate is 7%. The company also proposes to extract 4%
of its reserves each year to meet cash flow needs. The
annualized standard deviation in the price of the oil is
20%. What is the value of this oil company?

You are analyzing a capital budgeting project that is
expected to have a PV of cash inflows of $250 million
and will cost $200 million (in present value dollars)
initially. A simulation of the project cash flows yields a
variance in present value of cash inflows of 0.04. You
have to pay $12.5 million a year to retain the project
rights for the next five years. The five-year treasury
bond rate is 8%.

a. What is the value of project, based on traditional
NPV?

b. What is the value of the project as an option?

c. Why are the two values different? What factor (or

factors) determine the magnitude of this
difference?



11. Cyclops, Inc.,a high-te -hnology company specializing
in state-of-the-art visual technology, is considering
going public. Although the company has no revenues
or profits yet on its products, it has a 10-year patent to
a product that will enable contact lens users to obtain
maintenance-free lenses that will last for years. The
product is technically viable, but it is exorbitantly
expensive to manufacture, and its immediate potential
market will be relatively small. (A cash flow analysis of
the project suggests that the present value of the cash
inflows on the project, if adopted now, would be $250
million, while the cost of the project would be $500
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million.) The technology is evolving rapidly, and a
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Back to First Principles

E BEGAN THE BOOK by stating the three principles we believe comprise the
core of corporate finance: the investment principle, the financing principle, and the
dividend principle. We have spent most of the last 27 chapters applying these prin-
ciples to firms in general and to Boeing, The Home Depot, and InfoSoft, in partic-
ular.

In this chapter, we revisit the basic principles of corporate finance and summa-
rize them. We then look at the interrelationship between the principles and how a
firm’s investment policy can affect its financing and dividend policy, and vice versa.
For instance, Boeing’s trouble earning a return on its investments to match its cost
of capital restricts its ability to retain cash for future investments and to raise new
equity. The Home Depot’s good track record of earning excess returns on its invest-
ments allows it to preserve its excess debt capacity and has implications for future
dividend policy. InfoSoft’s unwillingness to use debt can affect its capacity to invest
in expansion.

We end the chapter with a listing of broad propositions that we believe repre-
sent the foundation for much of the corporate financial theory and most of the
models that we have used in this book.

Back to First Principles

924

The investment ‘principle states that firms should invest in assets only if they expect
to earn a return greater than their minimum acceptable hurdle rate. The financing
principle suggests that the mix of debt and equity firms use should be the one that
maximizes firm value. The dividend principle proposes that firms that cannot find
investments earning their hurdle rate should return the cash to the owners of the
business. Throughout the chapters, we have essentially developed these principles.

The Investment Principle

Although there is little disagreement that firms should invest in assets that earn a
return greater than the minimum acceptable hurdle rate, there is substantial dis-
agreement about the best way to measure the minimum acceptable hurdle rate and
the return on the investment. Let us consider the hurdle rate first. As laid out in
Chapters 7 and 8, the hurdle rate should be a weighted average of the costs of the
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diFerent financing that a firm uses to fund investments. We categorize the different
financing into debt and equity, estimate costs for each, and calculate weights based on
market value to arrive at a cost of capital. This cost of capital represents the minimum
acceptable hurdle rate for a project, when returns are measured prior to debt pay-
ments. Alternatively, the cost of equity can be used as the hurdle rate, when returns
are measured after debt payments.

How do we measure returns? Although we consider different measures based on
accounting earnings and cash flows, we conclude in Chapters 9 and 10 that the best
measure of return on an investment is based on time-weighted cash flows. The process
of discounting cash flows, we argue, represents time weighting, with earlier cash flows
weighted more and later cash flows less. The side costs and side benefits that invest-
ments create for a firm should be incorporated either into the cash flows and returns,
as noted in Chapter 12, or valued separately, if they are options (to expand, delay, or
abandon the investment), as in Chapter 27.

The investment principle applies to all types of investments. In Chapter 11, we
applied it to evaluate investments in foreign markets and high-inflation economies.
The returns and hurdle rates for these investments can be defined in the local cur-
rency or the foreign currency and in nominal or real terms. When measured consis-
tently, our conclusions on these investments are unchanged. Investments in cash and
marketable securities (in Chapter 14) and investments in short-term assets such as
inventory and accounts receivable (in Chapter 13) are governed by the same princi-
ple. Our analysis of acquisitions in Chapter 26 follows the same blueprint, with the
cash flows and returns on acquisitions, with synergy and control benefits built into the
cash flows, being compared to the cost of capital for these acquisitions.

The Financing Principle

Ultimately, a firm can raise funds from only one of two sources—debt or equity.
There are three primary differences between the two sources. First, debt gets both
a fixed and a prior claim on cash flows of the firm, while equity has a residual claim
on these cash flows. Second, portions of the payments on debt (interest expenses)
are tax deductible, whereas payments to equity are not. Third, equity investors usu-
ally get to control the operations of the firm while lenders have, at best, veto power
over some decisions and often no control over how the firm is run. Within these
. broad categories of debt and equity lie a wide range of financing choices, both for
private firms and, even more so, for publicly traded firms. We examined these
choices in Chapter 16, and we described how firms make the transition from one
financing choice to another in Chapter 17.

The choice between debt and equity then becomes a tradeoff between the tax
benefits and added discipline created by borrowing on the one hand, and the expected
bankruptcy and agency costs generated by debt on the other. In Chapter 18, we con-
sider the special case in which the costs are exactly offset by the benefits, leading to
the result that the choice of financing mix does not affect value. In the more general
case, where costs do not offset benefits, we argue that the optimal mix of debt and
equity for a firm is that mix at which the vaiue of the firm is maximized. We consider
several ways of estimating this optimal mix in Chapter 19. If the operating cash flows
of a firm are unaffected by its debt ratio, the optimal debt ratio is the one that
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minimizes the cost of capital. Alternatively, the optimal debt ratio can be found by
comparing the dollar tax benefits on borrowing to the expected bankruptcy cost cre-
ated by the borrowing.

Having estimated an optimal financing mix for a firm, in Chapter 20 we consider
whether and how firms should move to the optimal. Although some of the reasons
for not shifting to an optimal debt ratio are inconsistent with value maximization, oth-
ers may be. For instance, firms may highly value the financial flexibility offered by
excess debt capacity and may choose not to use the capacity. In Chapter 27, we value
financial flexibility as an option and compare it to the cost of maintaining excess debt
capacity. In choosing between the different paths that are available to a firm to move
from its existing debt ratio to an optimal debt ratio, we have to consider both the
threat created by being suboptimally levered and the quality of investment opportu-
nities.

As a final part of the financing principle, we argued that the optimal type of
financing for a firm is the one that generates cash flows similar to those generated by
the firm’s assets. Thus, financing long-term assets with long-term debt and nondollar
assets with nondollar debt can reduce default risk, increase borrowing capacity, and
increase firm value.

The Dividend Principle

Generally speaking, firms that do not have sufficient investments generating returns
higher than the hurdle rate should return the excess cash to the owners. Although div-
idends are the traditional way by which firms have done so, they tend to be sticky, lag
earnings, and understate the true cash returned to stockholders. As we argue in Chap-
ter 21, dividends also tend to create tax disadvantages for many.

In recent years, we have seen an increase in stock buybacks as an alternative to
dividends, and we believe these should be viewed as part of cash returned to stock-
holders. When examining how much a firm returns to its stockholders in the form
of dividends and stock buybacks, we contend, in Chapter 22, that we have to exam-
ine how much cash the firm could have returned. We estimated this by calculating
the free cash flow to equity, which is the cash left over after reinvestment needs and
debt payments. A firm with significant free cash flows to equity that fails to return
cash to its owners will accumulate a large cash balance, whereas a firm with low or
negative free cash flows to equity that pays large dividends or buys back stock will
face a cash deficit.

Dividends and stock buybacks represent only two of many actions that affect

- stockholder wealth and stock prices. In Chapter 23, we look both at cosmetic changes
such as stock splits and dividends that affect stock prices but may not affect value, and
at real events such as spinoffs, equity carve-outs, and divestitures that can change the
mix of assets owned by the firm and alter its value.

Interrelationships and Life Cycle Effects
In this book, we have introduced the three principles, and the decisions that flow from
each, in sequential order. In reality, however, these decisions are seldom independent
of each other, and we will begin this section by considering the interrelationships
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between the three principles. We will also ask whether one principle will dominate in
terms of value creation and, if so, whether this situation might change as a firm
evolves.

’

Interrelationship between Principles

Consider again the investment decision. Assume that a firm has maintained an impec-
cable record of investing in assets that earn more than its cost of capital. This firm’s
investment record is likely to have effects on both its financing and investment deci-
sions. On the financing decision, the quality of investments will influence how a firm
reacts to excess debt capacity. With good projects, a firm is much more likely to use
debt to invest in new assets. On the dividend decision, a firm with good investments
will have far less in cash flows to distribute to its stockholders and far more leeway to
accumulate cash balances, if it so desires. :

Firms with poor investments will find their choices in terms of financing mix and
dividend policy affected as well. A firm that has a history of investing in assets that
earn less than the cost of capital is more likely to become the target of a hostile acqui-
sition. If the firm has excess debt capacity, it will therefore have to move to its opti-
mal debt ratio quickly. It will also be far more likely to use debt to buy back stock
than invest in new assets. When it comes to dividend policy, this firm is likely to be
tightly constrained. Stockholders will view any cash accumulation with suspicion, and
the firm will therefore be under pressure to return the cash either in the form of div-
idends or stock buybacks.

One lesson emerges from these interrelationships: it is that managers who want the
freedom to accumulate cash and invest in new projects and new businesses earn the
right to do so by developing a track record as good stewards of stockholder wealth.
On the other hand, managers who have abused the trust reposed in them by stock-
holders and who have invested poorly will (and should) find themselves limited in
what they can do.

The Life Cycle Effect

Among the three principles, which is the dominant one? In general, the investment
principle should be viewed as the most critical component in value creation. A firm
with great investments can afford to have suboptimal financing and dividend policies
and still have high value. In contrast, a firm with optimal financing and dividend pol-
icy cannot become valuable if its investment choices are abysmal.

Having said that, however, we should remember that the relative importance of the
three principles in value creation will change as firms grow and mature. Returning to
the life cycle of the firm that we introduced in Chapter 17, we would argue that in
the early stages of growth and expansion, it is the investment principle that will dom-
inate. As firms mature, and investment opportunities and returns diminish, the financ-
ing principle will move to the center. Finally, as firms decline, the dividend principle
will emerge as the dominant principle. Figure 28.1 summarizes how investment,
financing, and dividend opportunities evolve with a firm’s life cycle.

While the need for funding may be substantial in both the start-up and expansion
phases, finding investment concepts (in the start-up phase) and converting them into
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Figure 28.1 Life
Cycle Analysis of
Corporate Finance
Principles

A

investment opportunities (in the expansion phase) are far more critical components of
success than altering the financing mix. The choices in terms of financing are prima-
rily equity and are usually restricted to the owner’s wealth and venture capital. Since
internal cash flows are consumed by the firm’s investments, dividend policy plays lit-
tle or no role in value enhancement.

As firms move into the growth phase, th:e investment principle still dominates, as
investment returns remain high. Especially for those firms that go public, financing
choices expand to include common stock, warrants, and even convertibles, but the
financing mix remains almost entirely equity. The first priority of growth firms is to
deliver high investment returns, and dividend policy remains on the back burner as
long as significant investment opportunities exist. Even if internal funds exceed invest-
ment needs, growth firms are likely to accumulate cash to meet investment needs in
future periods.
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In the mature phase, investment opportunities and returns begin declining. This is
the phase where both the financing mix and financing choices become much more
critical. Firms may be able to continue delivering excess returns to their investors by
using more debt in their capital structure and using innovative securities to reduce
default risk. Internal funds exceed investment needs, and firms will be under far
greater pressure to return the cash to their investors.

In the decline phase, there are few, if any, new investments and little need for fund-
ing. Thus, both the investment and financing principles recede into the background,
and dividend policy takes precedence. Firms in decline have to liquidate their assets
and return the cash to the owners, either by paying special dividends or by buying
back stock.

Core Propositions/Beliefs

We have used a series of basic propositions and beliefs to develop the theory and mod-
els in this book. We would like to revisit them in this section.

Faith in Markets, but Not Blind Faith . . .

We began this book by stating in Chapter 1 that the objective function in corporate
finance is to maximize firm value, but soon after, in Chapter 2, we noted the advan-
tages of the narrower objective function of maximizing stock prices. Primary among
them was the fact that stock prices are observable and constantly updated. We are not
rabid efficient marketers. In fact, we believe that markets make mistakes, and large ones
at that. ;

Given that markets make mistakes, why do we give their assessments so much
weight? The answer lies in the reality that we need objective measures of how a firm
is performing. Accountants do try to do that with financial statements, but their
focus is on the past and on investments that the firm has already made. Even if their
assessments are perfect, and we know that they are not, we would still have prob-
lems analyzing firms with high-growth potential using accounting information.
Market prices are forward looking, and while we might disagree with these prices,
they represent the collective wisdom and information of thousands of investors.
They are also real, in the sense that stockholders can sell their stock and receive the
market price; in contrast, a firm’s accounting earnings may have little or no rela-
tionship to a firm’s true earnings. Knowing the market’s assessment not only of the
value of a firm currently but of the impact of the firm’s actions on that value is use-
ful in any analysis. It is when we analyze private businesses that we realize how much
we depend on market prices in our assessment of a firm’s corporate financial policy.

We approach markets with a mixture of skepticism and trust, and this mindset is
reflected in much of what we have done in this book. The trust shows, for instance, the
way in which we compute the cost of capital for a firm. We use a weighted average of
the cost of equity and debt, but the weights are market value weights, not book value
weights. When assessing a firm’s performance, we look at how well or badly its stock has
done, relative to the market. Skepticism shows in the fact that we do look at accounting
measures of performance as well, and we examine stock price performance over longer
periods (say, three to five years) rather than short ones (a week or a month).
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The tension between our trust that markets generally do their jobs well at
assessing firm value, and the concern we feel about the mistakes they can make, is
most visible in the chapters on valuation. After all, if we had complete faith in mar-
kets, the value of any firm would be its market value, and valuation would be an
exercise in confirming this. When valuing firms, however, we estimated their
intrinsic or true values, leaving open the possibility that the market value could be
wrong. Even so, we have enough faith in markets to believe that they will recog-
nize these intrinsic values, sooner or later, and that market prices will adjust to
these values.

The Future, Not the Past

~ Almost all the information we use in corporate financial analysis is historical infor-
mation, that is, information about what has happened in the past. At the same time,
almost everything we would like to measure in corporate finance relates to the
future.

This contrast was first drawn in Chapter 4, when we noted the differences
between the questions accounting statements try to answer and the questions raised
in financial analysis. Many of the adjustments we make to accounting earnings, such
as the capitalization of research and development expenses, are motivated by our
desire to forecast the future. In the investment analysis section, in Chapters 7 and 8,
one reason we argue for using bottom-up betas for firms and new investments,
rather than betas based on historical data, is that the risk looking forward may be
very different from the risk looking back. In analyzing a firm’s financial mix, we
consider expected changes in investment opportunities and risk in making a judg-
ment about whether firms should borrow more or less money in Chapter 20. In
Chapter 22 expectations about the future also help us determine how much firms
should return to their owners.

Finally, when valuing firms in Chapters 24 and 25, we observe that the value of a
firm is based not on what it paid for its assets, or whether they are tangible or intan-
gible, but on the expected cash flows from its investments. In fact, a significant por-
tion of a firm’s value comes from investments that it has not made yet but is expected
to make in the future.

Show Me the Money

There are two basic dimensions for measuring returns in corporate finance. The first
is that it is the cash flows generated by an investment, not the accounting earnings or
revenues, that will determine its value. This contrast was drawn in Chapter 9, where
we examined alternative approaches to measuring returns. The second dimension is -
that it matters when the cash flows occur, with earlier cash flows having higher value
than later cash flows. We introduced this concept early in Chapter 3, when we con-
sidered the time value of money, but we returned to it repeatedly in every section of
the book. :

In the investment analysis section, in Chapter 10, we maintained that the value of a
project was best estimated by looking at the cumulative present value of all the cash flows
that it would generate over its lifetime. This net present value, we noted, represents
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surplus value created for the firm. In discussing optimal debt ratios in Chapter 19, we
measured the increase in value from moving to the optimal by estimating the present
value of tax benefits over time and comparing this to the expected bankruptcy costs,
measured in the same terms. In evaluating whether a firm should divest assets in Chap-
ter 23, we compared the divestiture value to the present value of the cash flows that
would be generated by the assets for the firm over time. When we looked at the value
of the firm, we computed the value of a firm as the present value of the cash flows that
it would generate to its claim holders.

Although project returns come from cash flows, the analysis becomes much
richer when we consider the determinants, often qualitative, of these cash flows.
Thus, while we spend Chapters 8 through 14 examining different ways of evaluat-
ing projects, we examine the much broader and more fundamental question of
where good projects come from in Chapter 15. In a similar vein, we consider ways
of coming up with an optimal debt ratio for a firm in Chapter 19, and in Chapter
20 we examine why firms may not move to the optimal because of their need for
financing flexibility. While we develop models to value firms in Chapter 24, we
consider qualitative factors like brand name and corporate strategy as value
enhancers in Chapter 25, and synergy and control in Chapter 26. Although we were
not averse to discussing the qualitative factors in any of these decisions, we did try,
to the limits of our capacity, to convert qualitative factors to quantitative ones. Ulti-
mately, we argue that qualitative factors matter only because they affect expected
cash flows, growth rates, discount rates, and value. Thus, brand names matter because
they allow firms to increase operating margins and value. Synergy has value because
it leads to cost savings or higher growth.

Manage for the Marginal Investor

Corporate finance takes the unique, and sometimes disconcerting, perspective that we
should look at corporate financial decisions through the eyes not of the firm or its
managers, but the marginal investor in the firm. We define the marginal investor as
the investor who is most likely to be involved in the next trade on the firm’s stock,
and we note that this investor is likely to be a diversified institution for most large U.S.
companies. Even for companies with substantial insider holdings, we argue that insti-
tutional investors are likely to be the marginal investors.

Why do we do this? If the objective in corporate finance is to maximize the stock
price, and consequently firm value, it is the marginal investors who matter because it
is they who determine stock prices by trading on the stock. Our focus on the mar-
ginal investor has the greatest consequences when we look at how we measure risk in
both firms and in new investments. Since the marginal investor is generally well diver-
sified, we maintain that the only risk that matters, when looking at an investment, is
the risk that cannot be diversified away by such an investor. This, in turn, leads us to
measure risk using a beta (in the CAPM) and betas (in multifactor models), and to
estimate the costs of equity based on these risk measures. This is also why we argue
that private and closely held firms, whose marginal investors are less likely to be diver-
sified, will face much higher costs of equity than otherwise similar publicly traded
firms. Because these costs of equity influence our choice of investments (through the
cost of capital) as well as the optimal debt ratio and how much we should return to
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stockholders, it can safely be said that much of our analysis would have been very dif-
ferent if we had taken a different perspective.

Summary

Corporate finance. is central to everything firms do, because it provides consistent
principles that can be used in decision making. The principles themselves are simple:
[nvest in assets only if they earn a return greater than the cost of capital, fund them
with a mix of debt and equity that maximizes firm value, and return cash to the own-
ers if you cannot find investments that earn excess returns. The principles are also uni-
versal, applying to all firms (small or large, private or public) and all decisions within
these firms.
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CHAPTER 2
2-1 Annual Meeting: Stockholders may not show up 2-9 T would be concerned at the limited extent of
at annual meetings or be provided with enough stockholder oversight of managerial actions. I
information to have effective oversight over would try to push management to convert non-
incumbent management. In addition, the corpo- voting shares to voting shares. I would also try to
rate charter is often tilted to provide incumbent ensure that the Board of Directors is independent
managers with the advantage, if there is a contest and active, so that they can perform some of the
at the annual meeting. duties that activist shareholders could have per-
Board of Directors: Directors are often chosen by formed if they had voting rights.
the incumbent managers (rather than by stock- 2-11 If a firm were large enough in the country’s
holders), own few shares, and lack the expert- economy that socially irresponsible actions
ise/information to ask tough questions of would also affect its share price, it would try to
incumbent managers. act socially responsibly. Also, if the company were
2-3 The fact that markets are volatile does not, by majority-owned by the government, there would
itself, imply that they are not efficient. If the be a greater convergence between social goals
underlying value of the investments traded in the and shareholder goals. Finally, if there are laws
market is changing a lot from period to period, penalizing socially irresponsible actions, the firm
prices should be volatile. Even if the underlying will act responsibly in social matters as well.
value is not moving as much as prices are, the fact 2-13 The idea is that bondholders by converting their
that markets make mistakes (which is what the bonds into equity would be able to participate in
noise is) does not imply that the prices are not the upside potential if stockholders attempted to
unbiased estimates of value. increase the riskiness of the firm. This would
2-5 This strategy is likely to work if higher market decrease the incentive for stockholders to expro-
share leads to higher profits and cash flows in the priate bondholders in this fashion.
long term. If, on the other hand, the higher mar- 2-15 First of all, it is not clear how destruction of a
ket share is obtained by cutting prices and sacri- well-run firm would be desirable for a stock-
ficing long-term profitability, the strategy is holder who has taken over the firm. However,
unlikely to work. even if this could happen, it is not clear that leg-
2-7 The ability to obtain equity capital without hav- islation preventing hostile takeovers is the solu-
ing to give up voting rights reduces the danger tion. The reason for this is that such legislation
for managers that they will be called to account W°“1.d 31_50 unduly shield managers from market
for bad actions. Obviously, this means that share- monitoring,
holders cannot effectively fulfill their roles as
monitors.
CHAPTER 3
3-1 a. Current Savings Needed = $500,000/1.1' Monthly Payment needed for 30 years is
= $192,772 obtained as the solution to (x/0.0067)
b. Solve the equation: (x/0.1) [1-(1/1.0067)%60)/0.1 = $200,000. x = $1,473
[1 = (1/1.1)19)/0.1 = $500,000 to get 3-5 a. Year-end Annuity Needed to have $100 mil-
x = $31,373. lion available in 10 years = $6.58 [FV =
3-3  Annual Percentage Rate = 8% $100, r = 9%, n = 10 years]

Monthly Rate = 8%/12 = 0.67%

b. Year-beginning Annuity Needed to have
$100 million in 10 years = $6.04
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3-13

3-15

3-17

a. Monthly Payments at 10% on current loan =
$1,755.14 (Monthly rate used = (10/12)%)

b. Monthly Payments at 9% on refinanced
mortgage = $1,609.25 (Monthly rate =
0.75%)

Monthly Savings from refinancing = $145.90

c. Present Value of Savings at 8% for 60 months
= $7,195.56 (Monthly rate = (8/12)%) Refi-
nancing Cost = 3% of $200,000 = $6,000. You
would refinance.

d. Annual Savings needed to cover $6,000 in
refinancing cost = $121.66

Monthly Payment with Savings = $1,755.14 —

$121.66 = $1,633.48. Interest Rate at which

Monthly Payment is $1,633.48 = 9.17%

Assuminhg a discount rate of 10%, the present
value of what you can pay the player is the pres-
ent value of an annuity of $1.5 m over three
years, or (1.5/0.1)[1 — 1/(1.1)%] = $3.7302 m.
If the number of years can be extended, then the
nominal value of a contract with a present value
of no more than $3.7302 m can still be $5 m. For
example, if the number of years can be 6, an
annual payment of x will result in a present value
of $3.7302 m, where x solves 3.7302 = (x/0.1)[1
-1/(1.1)¢]. Solving this, we find x = 0.8565 m.
The nominal value of the contract is, therefore,
6(0.8565 m) = $5.1389 m > $5 m.

a. Amount needed in the bank to withdraw
$80,000 each year for 25 years = $1,127,516.

b.  Future Value of Existing Savings in the Bank
= $407,224

Shortfall in Savings = $1,127,516 — $407,224 =

$720,292

Annual Savings needed to get FV of $720,292 =

$57,267 _

c. If interest rates drop to 4% after the 10th
year, Annuity based on interest rate of 4%
and PV of $1,127,516 = $72,175

The decline in the amount of withdrawal =

$80,000 — $72,175 = $7,825

3-7 Annuity given current savings of $250,000 and n
= 25 = $17,738.11 (r = 5%)
3-9 PV of deficit reduction can be computed as fol-
lows:
Year Deficit Reduction PV
1 $25.00 $23.15
2 $30.00 $25.72
3 $35.00 $27.78
-+ $40.00 $29.40
5 $45.00 $30.63
6 $55.00 $34.66
7 $60.00 $35.01
8 $65.00 $35.12
9 $70.00 $35.02
10 $75.00 $34.74
Sum $500.00 $311.22
The true deficit reduction is $311.22 million.
3-11 a.
Year Nominal PV
0 $5.50 $5.50
1 $4.00 $3.74
2 $4.00 $3.49
3 $4.00 $3.27
4 $4.00 $3.05
5) $7.00 $4.99
Sum $28.50 $24.04
b. Let the signup bonus be reduged by X.
Then the cash flow in year 5 will have to be
raised by X + 1.5 million to get the nominal
value of the contract to be equal to.$30 million.
Since the present value cannot change,
X-X+15)/1.072=0
X(1.0°-1)=15
X =1.5/(1.075 - 1) = $3.73 million
The signup bonus has to be reduced by $3.73
million, and the final year’s cash flow has to be
increased by $5.23 million, to arrive at a contract
with a nominal value of $30 million and a pres-
ent value of $24.04 million.
CHAPTER 4
4-1 a. Marketable securities are valued at book or

market, whichever is lower. Hence, mar-
ketable securities are probably assessed at
clo-e to market value. Near-cash must also be

close to market value. Cash, of course, by
definition is at market value.

b. Fixed Assets are valued at historical cost.
Hence, they were probably purchased for the
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gross book value of fixed assets, that is, 5,486 +
199 = $5,685. From the value of $2,016 far
accumulated depreciation, we see that about
36.75% of the value of the depreciable fixed
assets has been written off in depreciation.
Hence, if we can assume that Coca-Cola uses
straight-line depreciation, about two-fifths of
the estimated life of these assets is over. If we
know the average life of assets in this industry,
we can use that to estimate the age of these
assets.

c. There are several reasons why current assets
are more prominent in Coca-Cola’s balance
sheet than fixed assets. (1) There is a large
amount of cash and near-cash: this might be
due to impending expansion, perhaps invest-
ment in bottling operations. (2) The Other
Assets item includes investment in other
Coca-Cola companies, which are primarily
manufacturing operations, such as bottlers.
Hence, if the fixed assets and current assets
parts of these investments were included, the
ratio of fixed to current assets would proba-
bly be larger.

d. Even though the companies were sold off,
Coca-Cola presumably still has some own-
ership stake in these companies. To the
extent that Coca-Cola does not have a
majority stake in these companies, they
would not be consolidated into Coca-
Cola’s balance sheet. If these companies
were primarily manufacturing companies,
their relatively large fixed-asset structure
would no longer appear on Coca-Cola’s
balance sheet.

4-3 Coca-Cola’s brand-name value does not appear in

its balance sheet. Even though there is an item
called Nondepreciable Fixed Assets, it is too small,
and it cannot represent the brand-name value; it’s
probably land. One way to adjust the balance sheet
to reflect the value of this asset is for Coca-Cola to
set up a separate subsidiary that would buy the
rights to the brand name. The brand-name value
would then show up as an asset for the subsidiary,
which would then be reflected in Coca-Cola’s
balance sheet as well, even if the financial state-
ments were consolidated.

equals Operating Earnings

935

4,911 4,967

4-7

4-11

Year

The difference seems to be mainly due to the
much lower level of COGS in 1998. COGS as a
percentage of Sales is 32.36% in 1997 versus
29.56% in 1998.

The effective tax rate in 1997 was 1,926/(4,911
—258 + 1,312) = 32.28%, while the same quan-
tity for 1998 was 1,665/(4,967 — 277 + 508) =
32.03%, which is almost the same. The differ-
ences may reflect differences between the tax
and reporting books.

a. The return on equity is defined as Net
Income/Book Value of Equity. Using begin-
ning of 1998 value of equity, this was
3,533/7,274 = 48.57%

b. The pre-tax return on capital equals
EBIT/Total capital = 4,967/(7,274 + 3,875)
= 44.55%

c. The after-tax return on capital equals
44.55(1 —0.3203) = 30.28%

Operating Lease

Expense Present Value at 7%

wU LN

6-10

90 84.11215
90 : 78.60949
85 69.38532
80 61.03162
80 57.03889
75 219.2538

Sum of present values 569.4313

4-13

The debt value of operating leases is $569.4313
million. Including this amount in debt, the book
value debt to equity ratio becomes 569/1,000 or
0.5694.

If the book value of capital is $1 billion and the
reported debt to capital ratio is 10%, the book
value of debt equals $100 million. If the present

_value of lease commitments is $750 million, the

revised debt to capital ratio is (100 + 750)/(1,000
+ 750) = 48.57%. The after-tax return on cap-
ital is 0.25 X 1,000/1,750 = 14.29%.

Capital Invested is $1,500 million. The value of
the research asset 1s $1,000 million. Hence, the

45", Opetinnggpgync adjusted value of capital invested is $2,500 mil-

vl i lion. EBIT (1 — () originally calculated was
Revenues 18,868 18,813 $1,500 million; adjusted EBIT (1 — f) equals
Less COGS 6,105 5,562 approximately 1500 + 250 = 150 = 1,600; hence,
Less Selling, G&A expenses 7,852 8,284 Stellar Computer’s adjusted return on capital is

1,600/2,500 = 64%.
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CHAPTER 5
5-1 The rate of return is (1,000/300)!/10 or 12.79%. icy. However, if there is no market mecha-
5-3 If the NV Technologies bond is trading at par, its nism available to forfe th.e_companyis 1ian=
yield is equal to its coupon rate of 8%. If GEV agebn cha'nge Snafviliond policy, die
Technologies has the same rating, it should have marke_t price will probably reflect the 33?.6
a similar yield. Hence, we can write: 95 = valuation rather than the truer underlying
(3.75/0.04)(1 — 1/1.04" + 100/1.04", where n/2 value of $48.
is the maturity in years of the GEV bond. Solv- 5-11 a. The wvalue of the entire firm is
ing, we find n = 41; hence, the maturity is 20.5 650(1.045)/(0.085 — 0.045) = 16,981.25 m.
yeassy b. The value of the equity can be estimated as
5-5 The coupon solves 1,000c/0.03 = 636, where c is 16.98125 b.— 3.88 b. = 13.10125 b.
the semiannual coupon rate; hence, the annual c. This implies that the price per share should
coupon rate equals 3.82%. be 13,101.25/66.3 = $197.01; hence at a
5-7 We solve 51.25 = 2.5(1.05)/(r — 0.05), where r is market price of $32, the stock is undervalued
the expected rate of return. Solving, we get r = by $165.01.
10.12%. 5-13 The stock price would rise if the market’s
5-9 a. According to the Dividend Discount Model, expected rate of increase was below the
the share price is 1.88(1.05)/(0.1 — 0.05) = announced 50%; otherwise it would decrease if
$39.48. : the actual increase was less than expected.
b. According to the FCFE model, the price of ;
the share is 2.4(1.05)/(0.1 - 0.05) = $50.40. 5-15 If investors receive the same information about
c. The difference in price could be due to the assets, they can still disagree if their personal
fact that the company is not following the characteristics, such as degree of risk aversion and
optimal dividend policy. The FCFE value is marginal tax rates, differ. They may also disagree
probably more accurate since it assumes that on the implications of the information for asset
the firm will follow an optimal dividend pol- value.
CHAPTER 6
6-1 Year Price Annual Return 6-3 Year Scientific Atlanta AT&T
1989 1.2 1989 80.95 58.26
1990 2.09 0.741667 1990 —47.37 =33.79
1991 4.64 1.220096 1991 31 29.88
1992 5.34 0.150862 1992 132.44 30.35
1993 5.05 -0.05431 1993 32.02 2.94
1994 7.64 0.512871 1994 25.37 —4.29
1995 10.97 0.435864 1995 —28.57 28.86
1996 20.66 0.883318 1996 0 —6.36
1997 32.31 0.563892 1997 11.67 48.64
1998 69.34 1.146085 1998 36.19 23.55
average 0.622261 average 27.37 17.804
s.d. 51.36 27.89
a. The average annual return is 62.23%. o atncE 774.48
b. The standard deviation is 42.49%. The vari- correlation 0.54

ance is 0.1805.

c. No. The firm is changing its business mix,
is under increasing assault for anti-trust
practices, and is accumulating cash.

a. The average return over the ten years is
27.37% for Scientific Atlanta and 17.8% for
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AT&T. The standard deviations are 51.36%
and 27.89%, respectively.

957

Number of Securities

in Portfolio (N)

Estimated Portfolio Variance

b. The covariance is 774.48, while the correla-
: Ficient is 0.54 5 18
tion coefficient is 0.54. 10 14
c. The variance of a portfolio composed 20 12
equally of the two investments equals 50 10.8
(0.5)%(51.36)2+(0.5)%(27.89)%+2(51.36)(27.8 100 10.4
9)(0.5)(0.5)(0.54) = 1240.68; the standard
deviation is 35.22%. We must solve 10 + 40/N = 1.1(10) = 11, or
6-5 a. The average return on the portfolio equals N = 40,
b (0.6)25 + (?-4)12 = 19-2;%- S 6-11 a. Invest everything in the riskless asset.

e variance of returns equals (0.6)*(36) o4 Lt
+(0.4)2(222) + 2(0.4)(0.6)(36)(22)(0.28) = i‘;l,;eig':i - as'”e(?'3) QG5 W2if= 0.5; invest
650.44; the standard deviation of returns = i A
25.5%. c. Invest everything in the market portfolio.

b. The minimum variance portfolio is given d. Solve 0.45 w(0.3) to get w = 1.5; the investor
by wee = [222 - (22)(36)(0.28)]/[222 + 362 should borrow 50% of his own outlay at the
— 2(22)(36)(0.28)] =262.24/1,336.48 = risk-free rate and invest the borrowing as
0.1962; the weight in Texas Utilities is 1 — well as his own outlay in the market portfo-
0.1962 = 0.8038. lio.

6-7 The Portfolio variance equals e. Solve w(15) + (1 —w)5 = 12 to get w = 0.7;
(1/3)2(23)2 + (1/3)2(27)% + (1/3)2(50) + invest 70% in the market portfolio and the
+2(1/3)(1/3)(23)(27)(_0‘15) + rest in the risk-free asset.
2(1/3)(1/3)(27)(50)(-0.25) + 6-13 a. Solve 1.5 = Covariance(Rua, Rumis)/222.
2(1/3)(1/3)(23)(50)(0.2) = 360.97 Hence, the covariance equals 726. The cor-
The standard deviation = 19% relation between United Airlines and the

6-9 The variance of a portfolio consisting of N market can be computed as 726/(22 X 66) =
securities can be estimated as (1/N) (average 0.5.
variance) + (1 — 1/N)(average covariance) = 10 6-15 The expected return on Emerson Electric would
+ (50 - 10)/N. be 6 + 0.5(1.8) + 1.4(0.6) + 1.2(1.5) + 1.8(4.2)

=17.1%.
CHAPTER 7
7-1 a. We use the CAPM: The Expected Return 5.5% as our estimate of the market premium,

on the stock = 0.058 + 0.95(0.0876) =
0.1412 = 14.12%. Since the investor is a
short-term investor, we use the T-bill rate
and the arithmetic mean. Since the focus is
short term, we don’t need to take com-
pounding into account.

For a long-term investor, we would use the
T-bond rate and the geometric mean: The
expected return = 0.064 + 0.95(0.0561) =
0.1173 or 11.73%, where 5.61% is used as
the estimate of the market risk premium
since that is the geometric average of the
market premium, using the long-term
T-bond rate as the risk-free rate. If we use

the expected return will be 0.064 +
0.95(0.055) = 0.1163 or 11.63%.

The cost of equity for the company is more
appropriately the long-term required rate of
return since most projects for the company
would be long-term.

The cost of equity equals 0.064 +
1.70(0.055) = 15.75%.

If long-term bond rates rise to 7.5%, the cost
of equity will rise by a like amount to 16.85%.

Since Biogen had no debt, all of its risk is
due to business risk.
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7-5 a.

7-9 a.

Firm

Using the CAPM, we compute the expected
return as 0.03 + 1.2(0.0876) = 13.51%. We
use a T-bill rate because the focus is on the
short-term expected return (the next year).
For the same reason, we use the market pre-
mium over bills.

The cum-dividend price, one year from
now, would be $50 (1.1351) = 56.75. The
ex-dividend price, assuming that the stock
price goes down by the amount of the divi-
dend, is 56.75 — 2.50 = $54.25.

Over last year, the expected return would
have been 15.51%, based on the then pre-
vailing T-bill rate of 5%.

The actual returns were (—4 + 2)/54 =
-3.70%.

The ‘unlevered beta based on the current
capital structure would be 1.2/(1 + (1 - 0.4)
(50/100)) = 0.92. There is no debt in the
new capital structure. Hence, the new beta
would be 0.92.

The combined beta for Novell after the
acquisition equals [2/(1 + 2)]1.5 + [1/(1 +
2)]1.3 = 1.43.

If Novell borrowed the $1 m, we would

lever this beta to get 1.43[1 + [1 - 0.4][1/2]]
i

The degree of operating leverage is computed
as %A Operating Income/% A Revenue.

Degree of

Operating Leverage Beta

PharmaCorp

SynerCorp
BioMed
Safemed

25/27 = 0.92 1.0
32/25 = 1.28 1.15
36723=1.56 1:3
40/21 =1.90 1.4

b.

There is a clear relationship between the
degree of operating leverage and the beta.
The greater the degree of operating lever-
age, the more responsive income (and pre-
sumably stock returns) will be to changes in
revenue which are correlated with changes
in market movements.

SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS

7-11 The volatility in commodity prices will be
reflected in the beta only to the extent that com-
modity price movements are correlated with
market movements. Commodity prices probably
do not move closely with the rest of the market.

7-13

7-15

7EL7

a.

The required rate of return is 0.06 +
0.46(0.055) = 8.53%.

(1 = R2) = 95% of this firm’s risk is diversi-
fiable.

The current unlevered beta = 0.46/(1 + (1
— 0.36)(20/40)) = 0.35.The total firm is
worth 60 m. The average beta of the divi-
sions that will be kept must equal 0.35 =
(1/3)0.20 + (2/3) Brem. Solving, Brem =
0.425. The new unlevered beta equals
[40/90](0.425) + [50/90](0.80) = 0.63
The new levered beta = 0.63(1 + (1 —
0.36)(50/90)) = 0.85

The expected return over the next year =
0.048 + (1.65)(0.0876) = 19.25%.

In this case, we would use a geometric aver-
age estimate of the risk premium and a long-
term T. bond rate to get 0.064 +
(1.65)(0.055) = 15.48%.

The extent of the monthly overperfor-
mance = (1.511)1/12 — 1 = 3,5%. Hence,
Intercept — (1 = B)Ry= 0.035, using a value
of 0.0328 for the intercept, Ry = 4.14%,
after annualizing.

Its current unlevered beta = 1.65/(1 + (1 —
0.4)(0.03)) = 1.62. Taking into account the
new leverage ratio of [2,000 +
0.03(265)(30)]/(265)(30) = 0.2816, the new
levered beta becomes 1.62(1 + (1 -
0.4)(0.2816)) = 1.89.

The unlevered beta equals 1.61/(1 + (1 —
0.4)(10/10)=1.01.

If the debt ratio goes from 1 to 0.9 and then
to 0.8, the levered beta will become 1.01 (1

+ (1 - 0.4)(0.9)) = 1.5554 and 1.4948,
respectively.
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7-19 Firm ‘Beta Debt Equity D/E Unlevered beta
Black & Decker 1.4 2,500 3,000 0.833333 0.933333
Fedders 12 5 200 0.025 1.182266
Maytag 1.2 540 2250 0.24 1.048951
National Presto 0.7 8 300 0.026667 0.688976
Whirlpool 135, 2,900 4,000 0.725 1.045296

The average unlevered beta = 0.9798. Using the 0.6569. Leveraging it up, we get the levered beta
private firm’s leverage ratio of 25%, we can com- estimate of 1.077. Southwestern’s  debt-to-
pute a levered beta of 0.9798(1 + (1 —0.4)(0.25)) capital ratio = !/5; if it decided 'to finance its
= 1.1268. If you use the average D/E ratio for media operations with a debt equity ratio of
the sector, average unlevered beta = 0.9820. 50%, then the media division’s debt-to-capital
b. Given the range of unlevered betas for these ratio would Pe 3. Hence, Southwestern’s overall
publicly traded firms, it might be that there debt-to-capital ratio “,"OUId be 0‘3(_1/ 3) '+
are differences among’ these firms and 0.7(1/2) = 0.45; hence its debt to equity ratio
bétween:these sfirms 'andthie private firm would be 9/11. Tl:le levereci beta would be
that are not averaged out in the numbers. 06309 ¥ 1 = A D it
For example, the degree of operating lever- 7-23 a. The levered beta using comparable firm data
age might be different. The private firm would be 1.15(1 + (1 - 0.4)(0.2)) = 1.288.
owner may not be diversified either. b.  Using the regression, a range estimate with a

7-21 The unlevered beta for the current business in likelihood of 95% that the true beta lies

1995 would be 0.9/(1 + (1 —0.36)(1.0)) = within it is ~0.25 to 1.75.
0.5488. The unlevered beta of comparable media ¢. Using the comparable firm beta, cost of
business firms is 1.2/(1 + (1 = 0.36)(0.50)) = equity = 6.5% + 1.29(5.5%) = 13.60%. Cost
0.9091. Hence, the unlevered beta of the new of capital = 13.6% (10/12) + 7.5%(1 —
business (including the media division) in 1999 0.4)(2/12) = 11.34%.
can be estimated as 0.3(0.9091) + 0.7(0.5488) =
CHAPTER 8
8-1 a. Such estimation-errors would be offset if the 8-3 a. The Limited is a- U.S. company, and the mar-

investor held other retail firms in the same
industry.

b. Geographical diversification would help
against such natural disasters.

c. Again, holding other stocks in the same
industry would offset the losses to this firm.

d. Holding stock in other stock, such as that of
the firm owning the manufacturing plant,
would help diversify this risk.

e. This risk could not be diversified because it
would be market risk.

£ If such an action is, in fact, suboptimal from
the point of view of the economy, it would
be a negative shock that the investor could
not protect himself/herself against. :

g This risk cannot be diversified.

Hence, sources of risk e, f; and ¢ would need to
be considered as part of an investment analysis.

ginal investor is.probably an American
investor. Since the analysis is being done in
U.S. dollars, the appropriate risk-free rate is the
U.S. risk-free rate, which is the Treasury bond
rate of 7%. It is not appropriate to adjust this
rate by the premium earned on Brady bonds.

If we assume that country risk is diversi-
fiable, the market risk premium is still 5.5%.
The cost of equity, therefore, can be com-
puted as 7% + 1.4(5.5%) = 14.7%. If the
country risk is not diversifiable, you would
use a risk premium of 7.5%

b. If the analysis were being done in the local
currency, then we would neéd to compute
the risk-free rate that would be appropriate
for the local situation. If the marginal
investor were in the South American coun-
try, again, the analysis would be different.
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8-5

8-7

SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS

a.

The levered beta for the multimedia business
is 1.3; the average D/E ratio is 0.5, and the
tax rate is 0.4. Hence, the unlevered beta is
computed using the formula:

Brevered = Buntevered [1+ (1 — 1) D/E] to obtain
an unlevered beta of 1.

If the phone company uses the same
debt/equity ratio as the rest of its business,
that is, 1.0, it will have a levered beta of 1.6;
hence, the cost of equity would be 7 +
1.6(5.5) = 15.8%.

If the debt/equity ratio used is 0.4, the lev-
ered beta is 1.24; hence, the cost of equity
capital is 7 + 1.24(5.5) = 13.82.

The cost of equity would be 7.5 + 0.95(5.5)
= 12.725 if the usual debt/equity ratio were
used. However, it sounds as if Hershey
believes that the current project would sup-
port a higher debt/equity ratio. In this case,
we must compute a new cost of equity cap-
ital. First, we compute Hershey’s unlevered
beta, which works out to 0.8782. Using the
new debt/equity ratio of 20/80, the modi-
fied levered beta is 1.01. Hence, the cost of
equity is 7.5 + 1.01(5.5) = 13.055. The cost
of capital is (0.8)(13.055) + (0.2)(1 — 0.4)(8)
= 11.404%.

No premium for exchange rate risk need be
charged because it is possible to diversify
away exchange rate risk.

No premium was charged for political risk,
either, because we have assumed that it is
diversifiable as well.

If Hershey had been held privately, the inter-
national risk might have been more difficult
to diversify away, and it would have been
appropriate to charge a risk premium.

8-9 a.b. The certainty equivalent factors and the

equivalent riskless cash flows can be com-
puted as [(1 + risk-free rate)/(1 + risky rate)]»

Certainty

Flows Equivalent  Certainty
Year (in million) Factor Equivalents
0 -10 1 +10
1 “ 0.921774 3.226209
2 < 0.849668 3.39867
3 4.5 0.783202 3.524407
4 5 0.721935 3.609674
5 5 0.665461 3.327304

8-11 a.

8-13 a.

8-15 a.

I would use the same cost of capital at both
stores. The cost of equity is 7 + 1.4(5.5) =
14.7. The debt/equity ratio is 70%; hence,
the debt/capital ratio is 7/17. The cost of
capital is (7/17)(5.5) + (10/17)(14.7) =
10.91%.

You would not charge a higher cost of capi-
tal for the New York store because estima-
tion errors are diversifiable.

If Philip Morris desires to use its own debt
ratio of 25% for all its business, then the
computation of the levered beta to be used
for its tobacco business is as follows: the
unlevered beta for firms in the tobacco busi-
ness is 0.982; lever up this using Philip Mor-
ris’s debt equity ratio of 33% to get 1.784.
Hence, the cost of equity is 7 + 1.1784(5.5)
= 13.481. The cost of capital is
(0.75)(13.481) + (0.25)8(1 — 0.4) = 11.31%.

The cost of capital for the food business is
computed similarly. The unlevered beta for
firms in the food business is 0.645; lever up
this using Philip Morris’s debt equity ratio
of 33% to get 0.774. The cost of equity is 7
+ 0.774(5.5) = 11.257%. The cost of capi-
tal is (0.75)(11.257) + (0.25)8(1 — 0.4) =
9.643%.

It would make no sense to compute Philip
Morris’s firm cost of capital, since it is an
arbitrary mix of different businesses. How-
ever, we could compute the average cost of
equity for Philip Morris as 7 + 0.95(5.5) =
12.225, and the cost of capital as (0.25)(8)(1
- 0.4) + (0.75)(12.225) = 10.369%.

If debt is allocated to the two divisions in
proportion to their market values, the debt
ratios for both divisions will be the same as
Philip Morris (25%). The costs of debt may
be different for the two divisions, resulting in
different costs of capital.

Brobacco = 0.982(1 + (1 — 0.4)(25/37.5))
= 1,37

Brood = 0.645(1 + (1 — 0.4)(0)) = 0.645
Cost of Equityiepacco = 7% + 1.37(5.5%)

= 14.53%

Cost of Capitalgpacco = 14.53%(37.5/62.5) +
10% (1 - 0.4)(25/62.5) = 11.12%

Cost of Equitygeq = 7% + 0.645(5.5%)
=10.55% (also cost of capital).-
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CHAPTER 9

9-1 We assume that revenues and SG&A expenses will increase at the rate of inflation.

. i Operating After-tax
Year Revenue COGS Depreciation SG&A Income Tax Operating Income
1 20.60 12.36 1.00 2.06 5.18 3.11
2 2122 12575 1.00 212 5.37 3.22
%, 21.85° 13.11 1.00 2.19 % 556 3.33
4 22'31 13.51 1.00 i 5.75 3.45
5 2519 13.91 1.00 232 5.96 357
9-3 Net Income each year = $(5 — 0.07 X 25)(1 — 9-7 With an interest rate of 7%, the annual interest
0.4) = $1.95 m. expense would have been 25,000(0.07) =
9-5 a. The after-tax operating cash flow is com- $1,750. Hence the net income per year would be
AR 7,800 — (1 — 0.4)(1,750) = $6,750. >
Cash flows to equity would be 6,750 + 5,000 =
Revenues $5.00 11,750 each year, with an outflow of $32,500
COGS .(“f/ o depr.) $1.50 when the project is initiated, and an outflow of
Depreciation $2.00 $19,000 (§25,000 — $6,000) at the end of the
EBIT $1.50 S
period.
EBIT (1 —) $0.90
+ Depreciation $2.00 9-9 The annual cash flows are
ATCF $2.90 Revenues 1-m bottles at $1 each  $1,000,000
b. Using the annuity formula, we have  Variable costs 1-m bottles $500,000
(2.9/0.11) [1 - 1/1.115] = 10.72 as the pres- at 50 cents each
oot b of 1bc openting colli Caws gﬁiﬁ:ﬁm 550,000/5 it
Deducting the initial investment of $10 m, Bttt $190.000
efore-tax Income 5
we get an NPV of $0.72 m. After-tax Income 190,000(1 - 0.50). $95,000
c. The yearly increment to cash flow due to Depreciation $110,000

depreciation is the savings in taxes, which Total after-tax cash flow  $205,000

is 2(0.4) — 0.8 m. The PV of this flow =

$2.96 m. Outflows at the beginning for the initial invest-
ment would be $550,000. (We have assumed that
licensing costs are capitalized and depreciated.)

9-11 The annual cash flows are:

1 2 3 4 5
Revenues 600,000.00 679,800.00 770,213.40 872,651.78 988,714.47
Software specialists 250,000.00 257,500.00 265,225.00 273,181.75 281,377.20
Rent 50,000.00 51,500.00 53,045.00 54,636.35 56,275.44
Depreciation 20,000.00 20,000.00 20,000.00 20,000.00 20,000.00
Marketing and selling costs 100,000.00 103,000.00 106,090.00 109,272.70 112,550.88
Cost of materials 120,000.00 135,960.00 154,042.68 174,530.36 197,742.89
Net income 60,000.00 111,840.00 171,810.72 241,030.63 32,0768.05
After tax income 36,000.00 67,104.00 103,086.43 144,618.38 192,460.83
Depreciation 20,000.00 20,000.00 20,000.00 20,000.00 20,000.00
Working capital 60,000.00 67,980.00 77,021.34 87,265.18 98,871.45
Change in WC —7,980.00 -9,041.34 -10,243.84 -11,606.27 11,606.27
Cash flows 48,020.00 78,062.66 112,842.59 153,012.11 224,067.10

There is an initial investment of $100,000 plus an initial outlay of $60,000 for working capital. Taking these into account,
the NPV = 249,808.85.

The project has a positive NPV and should be accepted.
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9-13 a. If$5 m of the $10 m required are borrowed, 9-15 a. Using straight-line depreciation, the depreci-
the equity holders will need to initially put ation each year = (15— 3)/10 = $1.2 m. At
in $5 m plus the $1 m necessary for begin- a tax rate of 40%, this results in a tax saving
ning working capital, that is $6 million in all. of $0.48 m a year, for a total nominal value

b. In this case, the after-tax cash flows would of $4.8 m. The present value can be com-
have to be reduced by $5(0.08)(1 — 0.4) = puted using the annuity formula:
$240,000, for a net cash flow of 3,400,000 — (0-4870.12] [1 = 1/1.121°) = $2.712 m.
240,000 = 3,160,000 a year. The cash flow b,c. Using double-declining balance deprecia-
at the end of the project would be — $5 m tion, the nominal value does not change.
(loan repayment) + $463,193 (working cap- However, the depreciation is higher in earlier
ital recoupment) = $4.536 m. years, and the present value increases.

Nominal Double-declining Year-end Nominal
Year Depr Tax Savings PV Depreciation Book Value  Tax Savings PV

0 15.000

1 1.200 0.480 -0.429 3.000 12.000 1.200 1.071

> 1.200 0.480 0.383 2.400 9.600 0.960 0.765

3 1.200 0.480 0.342 1.920 7.680 0.768 0.547

4 1.200 # 0.480 0.305 1.536 6.144 0.614 0.390

5 1.200 0.480 0.272 1.229 4.915 0.492 0.279

6 1.200 0.480 0.243 0.983 3.932 0.393 0.199

7 1.200 0.480 0.217 0.786 3.146 0.315 0.142

8 1.200 0.480 0.194 0.146 3.000 0.058 0.024

9 1.200 0.480 0.173 0.000 3.000 0.000 0.000

10 1.200 0.480 0:155 0.000 3.000 0.000 0.000
4.800 2712 4.800 3.418
The present value is $3.418 m.
9-17 _a. The straight-line method produces the higher nominal tax savings.
b.  The straight-line method provides a higher present value of tax benefits.
Tax Double-declining Nominal
Year Depr Tax Rate Savings PV Balance Tax Savings PV
1 2.000 0.200 0.400 0.357 4.000 0.800 0.508
2 2.000 0.250 0.500 0.399 2.400 0.600 0.457
3 2.000 0.300 0.600 0.427 1.440 0.432 0.367
4 2.000 0.350 0.700 0.445 1.08 0.378 0.240
5 2.000 0.400 0.800 0.454 1.08 0.432 0.245
3.000 2.082 2.652 1.99

We switched to straight line in year 4 with double declining balance depreciation.
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CHAPTER 10

10-1  Year Beginning BV Depreciation  Ending BV Average BV Revenues  COGS EBIT

1 25 3 22 23.5 $ 20.00 $ 10.00 $7.00
2 22 3 19 20.5 $22.00 $ 11.00 $8.00
3 19 3 16 17.5 $24.20 $ 12.10 $9:10
4 16 3 13 14.5 $ 26.62 $13.31 $10.31
5 13 3 10 1.5 $29.28 $ 14.64 $11.64
a. Pre-tax Return on Capital b.
Year Average BV EBIT Pre-tax ROC Year Average BV EBIT (1-f) After-tax ROC
1 235 $ 7.00 29.79% 1 235 $ 4.20 17.87%
2 20.5 $ 8.00 39.02% 2 20.5 $ 4.80 23.41%
3 175 $9.10 52.00% 3 17.5 $5.46 31.20%
+ 14.5 $ 10.31 71.10% - 14.5 $6.19 42.66%
5 11.5 $ 11.64 101.23% 5 115 $6.98 60.74%
Average 58.63% Average 35.18%
c. Since the return on capital is greater than the cost of
capital, I would accept the project.
10-3 Beg BV End BV  Avg BV Internal Net
Year Equity  Depreciation  Equity Equity Revenues COGS Exp Income
1 $ 15.00 $ 3.00 $12.00  $13.50 $ 20.00 $ 10.00 $1.00 $3.60
2 $ 12.00 $ 3.00 $9.00 $10.50 $ 22.00 $11.00 $1.00 $4.20
3 $ 9.00 $ 3.00 $ 6.00 $ 7.50 $ 24.20 $12.10 $1.00 $4.86
4 $ 6.00 $ 3.00 $3.00 $ 4.50 $ 26.62 -$13.31 $1.00 $5.59
5 $ 3.00 $3.00 $- $ 1.50 $ 29.28 $ 14.64 $1.00 $6.38
a. " b. * Since the return on equity is greater than the cost of
Year  Avge BV Equity ~ Net Income ROE equity, | would accept the project.
1 13:5 ~ $3.60 26.67%
2 10.5 $ 4.20 40.00%
3 735 $ 4.86 64.80%
4 4.5 $5.59 124.13%
5 1:5 $ 6.38 425.64%
Average 136.25%
10-5 Year 0 1 201 3 4
Investment  ° 15,000 2,000
WC Investment 1,000
Salvage : 7,000
Revenues $10,000 $ 11,000 $ 12,000 $ 13,000
—-COGS $ 4,000 $4,400 $ 4,800 $ 5,200
—Depreciation $ 4,000 $ 3,000 $ 2,000 $ 1,000
EBIT $ 2,000 $ 3,600 $ 5,200 $ 6,800
EBIT (1 -1¢) $ 1,200 $ 2,160 $ 3,120 $ 4,080
+ Depreciation $ 4,000 $ 3,000 $2,000 $ 1,000
— Change in WC $ 100 $ 100 $ 100 $ (1,300)

FCEF $ (16,000) $ 5,100 $ 3,060 $5,020 $ 13,380
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a. See above.
Payback
Cumulated FCFF $(16,000)  $ (10,900) $ (7,840) $ (2,820) $ 10,560
Payback is early in the fourth year.

c. NPV of Project at 12% cost of capital

PV of Cash flow $ (16,000) $4,554 $ 2,439 $ 3,573 $ 8,503
NPV of Project = $ 3,069.35
d. IRR of Project 19.26%
10-7 Year FCFF Discount Discount
Rate NPV Rate NPV
0 $ (10,000,000)
o} $ 4,000,000 2% - $4,381,347 18% $632,538
2 $ 5,000,000 4% $3,802,913 20% $277,778
3 $ 6,000,000 6% $3,261,283 22% ($57,758)
8% $2,753,391 24% ($375,449)
10% $2,276,484 26% ($676,553)
12% $1,828,079 28% ($962,219)
14% $1,405,939 30% ($1,233,500)
16% $1,008,036

The internal rate of return of this project is about 21%. I would accept the project because its return is greater
than the cost of capital. (The cost of equity does not apply.)

10-9 v 10-11  Generally not. Because you need a sign change
FV of year 1 cash flow = 4,000,000 x 1.162 = 5,382,400 (from negative to positive cash flows) for IRR
FV of year 2 cash flow = 4,000,000 x 1.16 = 4,640,000 to be estlmatefi. It is possible that you cou!d st.lll

get an operating cash flow that is negative in
FV of year 3 cash flow = - 3,000,000 some years, but the IRR will be huge and
FV of years 1-3 cash flows = 7,022,400 meaning]ess.

Investment in year 0 = —4,750,000
Modified IRR = (7,022,400/4,750,000)'/3 — 1 = 13.92%
I would still reject the project.

10-13

Year A B Cc

0 -10,000 5,000 -15,000

1 8,000 5,000 10,000

2 7,000 -8,000 10,000 4

a. NPV $2,723.21 $3,086.73 $1,900.51 ! B is the best project on a NPV,

b. IRR 32.74% -13.99% 21.53% ! A is the best project.

c.  The reasons can be partially-attributed to differences in scale, and difference in reinvestment rate assumptions. The

strange pattern of cash flows on B also throws off the IRR rule. The IRR rule is devised when cashflows go from
negative to positive, not the other way around.
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10-15 a. FCFF each year = 3 (1 - 0.4) + 0.5 = 2.30
NPV = —20 -5/1.12510 -5/1.125%0 + 2.3
(PVA, 12.5%,30) + 15/1.125%0 = —$3.71

b. IRR of this project

Discount Rate (%) NPV

5 13.87328541
10 —0.129403014
12.50 —3.713174369

15 —6.213125943

CHAPTER 11

10-17 Yes. When the cash flow pattern is reversed, that

10-19

is, when cash flows are positive up front and neg-
ative late can be negative while the NPV is pos-
itive. (See problem 10-14.)

The average return on capital is overstated when
accelerated depreciation is used because the book
value drops quickly: The return on capital
increases concurrently. The average return on
capital is not time-weighted and overstates the
true return on the project.

11-1  a. The real cost of capital = (1.1/1.025) — 1 =
7.317%.

b,c. The real cash flows are obtained by dis-
counting the nominal flows at the rate of
inflation. The present values are obtained by
discounting the real flows at the rate of
7.317% per year.

Year Nominal Flows Real Flows Present Value

1 115 112.1951 104.5455
2 125 118.9768 103.3058
3 136 126.2895 102.1788
4 144 130.4569 98.35394
5 185 163.513 114.8704

The net present value is the sum of the present values, or
$523.2544.

11-3  a. The depreciation each period is 250/25 =
$10 m. Assuming a tax rate of 40%, the tax
benefit is $4 m a year. The present value of
this over 25 years is $98.226 m using the 9%
cost of capital as a discount rate.

b. If the inflation rate jumps to 5%, the cost of
capital will jump to 12%, but the nominal
amount of yearly depreciation remains the
same. The present value of this now drops to
$78.431 m.

c. International Harvester could lease its plant;
this would shift the risk of losing deprecia-
tion tax benefits to the lessor. Also, if depre-
ciation is indexed to inflation, International
Harvester would be protected.

11-5
Inflation Expected Actual

Country Rate Change Change
China 12.10% 8.30% 3.35%
Indonesia 20.60% 14.76% 4.96%
Malaysia 10.10% 6.63% 2.39%
Singapore 1.30% -1.48% —4.08%
S. Korea 2.40% —0.39% -3.39%
Japan 2.00% —0.78% -2.96%
Taiwan 2.90% 0.10% 0.41%
Thailand 6.60% 3.56% 2.10%
Philippines 11.00% 7.39% 8.71%
India 10.10% 6.63% 11.90%
United States 2.80% 0.00%

There is a high correlation between the expected

and actual change. The three countries that had

currencies that strengthened against the dollar

also had inflation rates lower than the United

States.
11-7

Forward Rate = Spot Rate (1 + Domestic Rate)/(1 +
Opverseas Rate)

1.55 = 1.56 (1.05)/(1-+ 1)
Solve for 1,
r=(1.55/1.56) X (1.05) — 1 = 4.33%
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11-9 - a 11-11 a. ’
Year CFInDM Expected /DM CFin § Year CF (Yuan) $/Yuan CF (%)
0 —-15,000 $ 0.6500 $ (9,750) 0 -1,600 $0.12 $(188.24)
1 1,350 $ 0.6563 $ 886 1 -800 $0.11 $(86.55)
2 1,485 $ 0.6626 $ 984 2 —1,000 $0.10 $(99.50)
3 1,634 $ 0.6689 $ 1,093 3 150 $0.09 $13.73
4 1,797 $ 0.6754 $ 1,214 4 300 $0.08 $25.25
5 1,977 $ 0.6819 $ 1,348 5 500 $0.08 $38.69
6 2,174 $ 0.6884 $ 1,497 6 650 $0.07 $46.26
7 2,392 $ 0.6950 $ 1,663 v 800 $0.07 $52.36
8 2,631 $ 0.7017 $ 1,846 8 900 $0.06 $54.17
9 2,894 $ 0.7085 $ 2,050 9 1,000 $0.06 $55.35
10 3,183 $ 0.7153 $ 2,277 10 1,100 $0.05 $56.00
1 1,210 $0.05 $56.65
b. You mlght want to adjust this discount rate 10 1,331 s $004 $5730
to reflect differences in inflation (if the 13 1,464 $0.04 $57.97
analysis is done in the local currency) or dif- 14 1611 $0.04 $58.66
ferences in risk (exchange rate, political). I 15 1,772 $0.03 $59.34
would not adjust the cost of capital for The
lL 1m1tef:l . were.domg = analysxs.m‘ dOI,- b. We will assume that the country risk in
ars, since I think that The Limited’s awolt 16 -
investors are likely to be internationally _Chma'ls et 1ﬁ<.:ant clougl £ be considéred
diversified and can take care of exchange in soing the USEONRL 00,
rate risk. China risk premium = 3.5% X 2 = 7%.
If I were doing the analysis in DM, I Cost of Equity ($) = 10% + 7% = 17%.
would use a cost of capital of approximately ¢. NPV (in dollar terms, at 17%) = (~180.72).
11%:1.12 x (1.04/1.05) — 1 = 10.93%. : ]
; ] d. It should not matter. If the discount rate is
o NPV (in dollar terms, using 12% cost of capy also in yuan, the net present value should be
ital) = ($2,132.11). ke ai ]
d. NPV (in DM terms, using 10.93% cost of
capital) = (3,278 DM).
CHAPTER 12
12-1 12-3  NPV(I) = - 12,000 — 500/0.1 = — 17,000
Pl’OjCCt Investment NPV PI EAC(I) = =17,000:%.0.11=/— 1,700
A $25 $10 0.40 Remember that this is a perpetuity: PV = A/j;
B $30  $25 0.83 Accept A=PVXi
C $40 $20 ©0.50 Accept NPV(II) = - 5,000 — 1,000(1 — (1.1)(=20))/0.1
D $10 $10 1.00 Accept =-13,514 EAC(Il) = — 1,587
E $15 $10 0.67 Accept NPV/(III) = — 3,500 — 1,200(1 —(1.1)*(~15))/0.1
. $60 $20 0.33 = 212,627 EAC(II) = — 1,660
G $20 $10 0.50 Accept
H $25 $20 0.80 Accept CHOOSE OPTION II (GAS HEATING
] $35 $10 0.29 SERLRey
] $15 $5 0.33 12-5  EAC for 1-year subscription = $20

b. Cost of Capital Rationing Constraint =
NPV of rejected projects = $45 million

EAC for 2-year subscription = $36 (APV,20%,2)
= $23.56
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EAC for 3-year subscription = $45 (APV,20%,3)
= $21.36

Choose the 1-year subscription.

The existing machine has an annual depreciation
tax advantage = 500,000(0.40)/5 = 40,000. The
present value of this annuity equals
(40,000/0.1)[1-1/1.1%] = 151,631.47.

The new machine has an annual depreciation tax
advantage = 2,000,000(0.40)/10 = 80,000. The
present value of this annuity equals
80,000/0.1[1-1/1.1'9] = 491,565.37.

However, it will be necessary to spend an addi-
tional 1.7 m to acquire the new machine.

Net Cost of the New Machine = —1,700,000 +
491,565 — 151,531 = $1,360,066.

Solving, for the annual savings that we would
need each year for the next 10 years, Annual Sav-
ings = $ 1,360,066 (Annuity given PV, 10 years,
10%) = $221,344. (I am assuming no capital gains
taxes. If there are capital gains taxes, the initial
investment will be net reduction because of cap-
ital losses from the sale of the old machine.)
NPV of less expensive lining = — 2,000 — 80 (AE
20%, 3) = $(2,169)

EAC of less expensive lining = —2,168.52/(AF,
20%, 3) = $(1,029)

Key question: how long does the more expensive
lining have to last to have an EAC < - 1,029.45?

NPV of more expensive lining = —4,000 — 160
(AE, 20%, n years)

EAC of more expensive lining = NPV/(AE 20%, .

n years)

Try different lifetimes. You will find that the
EAC declines as you increase the lifetime and
that it becomes lower than 1,029.45 at 14 years.
NPV of Project A = 5,000,000 + 2,500,000
(PVA, 10%, 5) = $4,476,967

Equivalent Annuity for Project A = 4,476,967
(APV, 10%, 5) = $1,181,013

NPV of Project B = 1,000,000 (PVA, 10%, 10) +
2,000,000/1.11% = $6,915,654

Equivalent Annuity for Project B = 6,915,654
(APV, 10%, 10) = $1,125,491

NPV of Project C = 2,500,000/0.1 -
10,000,000 — 5,000,000/1.1'0 = $13,072,284

Equivalent Annuity for Project C = 13,072,284

x 0.1 = $1,307,228

12-13

12-15

Project

947

Annualized Cost of spending $400,000 right
now = $400,000 (0.10) = $40,000

Maximum Additional Cost that the town can
bear = $100,000 — $40,000 = $60,000

Annual expenditures will have to drop more than
$40,000 for the second option to be cheaper.

Initial

Investment NPV PI IRR

II
111
v

5 21%
28%
19%
24%

20%

0.60
5 0.50
0.27
0.40
0.40

15
10
5

12-17

12-19

a. The PI wouid suggest that the firm invest in
projects II, IV, and V.

b. The IRR of project I is higher than the :
IRR of project V.

c. The differences arise because of the reinvest-
ment rate assumptions; with the IRR, inter-
mediate cash flows are reinvested at the
IR R with the PI, cash flows are reinvested at
the cost of capital.

Initial Investment = — $150,000

Annual Cash Flows from Babysitting Service
Additional Revenues $1,000,000

ATCF = $1,000,000 (0,10) — $ 60,000 (1 — 0.4)
= $64,000

(I used a tax rate of 40%.)

NPV = = 150,000 + $64,000 (PVA, 12%, 10
years) = $211,614

Yes. I would open the service.

a. There is no cost in the first three years. The
after-tax salary paid in the last two years is an
opportunity cost = 80,000 x 0.6/1.1* +
80,000 X 0.6/1.1% = $62,589.

b. The opportunity cost is the difference in PV
of investing in year 4 instead of year 8 =
250,000/1.14 — 250,000/1.1% = $54,126.

c.. The present value of after-tax rental pay-
ments over five years is the opportunity cost
= (3000 x 0.6)(PVA, 10%, 5 years) = $6,823.

d.  After-tax cash flow = (400,000 — 160,000) —
(240,000 — 100,000) x 0.4 = $184,000

e. NPV = -500,000 —62,589 — 54,126 — 6,823
+ 184,000(1 — (.1.1)73)/0.1 = $73,967
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12-21
Potential Lost Lost PV Lost
Year Sales Sales Profits Profits
1 27,500 0 $0 $0
2 30,250 250 $9,000 $7,438
3 33,275 3,275 $117,900 $88,580
4 36,603 6,603 $237,690 $162,345
5 40,263 10,263 $369,459 $229,405
6 44,289 14,289 $514,405 $290,368
5 48,718 18,718 $673,845 $345,789
8 50,000 20,000 $720,000 $335,885
9 50,000 20,000 $720,000 $305,350
10 50,000 20,000 $720,000 $277,591
Opportunity Cost $2,042,753

CHAPTER 13

‘SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS

13-1

13-3 a., b.

a. Net Working Capital equals 91,524 — 50,596
= 40,928.

b. Noncash working capital equals 40,928 —
19,927 + 36,240 = $57,241.

c.  Ford’s working capital is high because it has a
high amount of receivables. If Ford Capital
were consolidated into this balance sheet, then
this would make sense since Ford Capital’s
business is to make short-term loans to enable
consumers to purchase cars.

d. Noncash working capital as a percent of
revenues for the 1994 year is 36.94% If |
wanted to estimate noncash working capi-
tal for a future year, I could use this ratio
along with an estimate of future revenues.
Whether this is a good way of forecasting
working capital in the future will depend
upon how volatile this number is from
period to period.

If inventory requirements dropped by 50%,
there would have been an immediate reduc-
tion inventory of $54.2. In addition, each
year, accretions to working capital would be
6% of this amount less than otherwise. This
would increase cash flow by the same
amount. The present value of this is 54.2 +
54.2 (0.06)/(0.11 — 0.06) = $119.24 m.

13-5

Free Cash Flow to Firm = After-tax Operating
Income — Change in Working Capital = $5 mil-
lion (1.05) — ($100 million) (0.05) (0.2) = $4.25
Value of Firm = $4.25/(0.12 — 0.05) = $60.71.
Increase in Current Cash Flow from cutting back
inventory = $8 million

Firm value has to be at least $52.71 million to
break even.

Let the revenues be X.

After-tax Operating Income = X (0.05)! After-
tax Operating Margin is 5%.

Change in Working Capital = X (0.05) (0.12)!
Working Capital is now 12% of revenues

Free Cash Flow to Firm = X(0.05) —
X(0.05)(0.12)

Value of Firm = $52.71 = X(0.05)(0.88)/

(0.12 = 0.05)

Solve for X,

X = $83.86

Revenues have to be at least $83.86 million for
a firm to break even.

If revenues drop more than $16.14 million, the
firm will be worse off.
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13-7
Current
Assets as
Current ~ Current Working % of
Period Assets  Liabilities. Revenues ~ Cap  Revenues

1990-Q1 $300 $150 $3,000 $150  10.00%
1990-Q2 325 160 3,220 165  10.09%
1990-Q3 350 180 3,450 170  10.14%
1990-Q4 650 300 6,300 350 10.32%
1991-Q1 ~ 370 170 3550 200  10.42%
1991-Q2 400 200 4,100 200 9.76%
1991-Q3 420 220 4,350 200 9.66%
1991-Q4 755 380 7,750 575 9.74%
1992-Q1 - 450 220 4,500 230  10.00%
1992-Q2 480 240 4,750 240  10.11%
1992-Q3 515 265 5,200 250 9.90%
1992-Q4 880 460 9,000 420 9.78%
1993-Q1 550 260 5,400 290  10.19%
1993-Q2' 565 285 5,600 280  10.09%
1993-Q3 585 300 5,900 285 9.92%
1993-Q4 1010 500 10,000 510 10.10%
1994-Q1 635 330 6,500 305 9.77%
1994-Q2 660 340 6,750 320 9.78%
1994-Q3 665 340 6,900 325 9.64%

Average= 9.97%

a. See above
b. See above

c. The percent (working capital of revenues)
should decline as revenues increase. There
seems to be little evidence of that.

13-9  If sales were random, and the standard deviation
of sales is 4,000 units, we'd have to decide on the
acceptable probability of running out of inven-

CHAPTER 14

tory. If this is taken to be 1%, then we’d increase
the safety inventory by 2(4,000) or 8,000 units to
9,500 units. Hence, the average inventory would
increase to 9,712 units.

14-1 The optimal cash balance using the Baumol
model is ¥2(500)100/0.06 = $1,291.
If selling securities is costless and without any lag,
then the firm should hold all of its cash in the
form of interest-bearing securities and simply sell
them whenever cash is required.

14-3  If interest rates increase, I would expect the cost
of holding non-interest bearing cash to increase,
leading to a drop in optimal cash balances.

14-5  a. Spread between upper and lower cash limits
= $120,498.

b. The average cash balance will be between
$60,249: half of $120,498.

13-11 a.
Inventory/
Firm Inventory Revenues Revenues
Apple 473 6,134 7.72%
Cisco 655 12,154 5.39%
Compaq 2,131 39,250 5.43%
Dell 374 25,600 1.46%
Gateway 172 8,650 1.99%
HP 2,637 42,370 6.22%
IBM 5,130 88,000 5.83%
Tomega 132 1,694 7.79%
Micron 223 1,438 15.51%
NCR 392 6,200 6.32%
b. Regressing Inventory on In(Revenues), we
find that
[I’{V‘f““’fy/ = 02174~ 0.0164 (In Revenues)
e (2.86)  (2.05)
R2 =34.36%
c. According to the regression in part (b),
Apple should have inventory of 0.2174 —
0.0164 [In(6134)] = 0.0744 (7.44%). Its
actual inventory (7.72%) is very close. IBM
should have an inventory holding of 3.07%.
R?2 = 38.60%
13-13 a. Implied Interest Rate = (1 + 2/98)(365/40)-1
= 20.24%
b. Implied Interest Rate if customer takes 100
days = (1 + 2/98)(365/%0)-1 = 8 54%
c. If there is a safety balance of $50,000,
Upper Limit = $50,000 + $120,498 = $170,498
Average Balance will increase to $110,249.
14-7 a. The initial outlay is (0.02)250 = $5. One

year from now, the incremental outlay will
be (0.02)(250)(0.06) = 0.3; the present value
of the yearly incremental outlays is 0.3/(0.12
— 0.06) = $5. The total decrease in value is
$5 + $5 = $10 less any value that the firm
might obtain from having the cash balances.

b. Ifit is able to reduce its cash balance to 1%
of revenues, the immediate decrease in the
cash balance would be (0.01)(250) = $2.50;
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the incremental outlay one year from now
will be (0.01)(250)(0.06) = 0.15, for a pres-
ent value of 0.15/(0.12 — 0.06) = $2.5;
hence, firm value will jump by $5 million.

c. If the reduced cash balance makes the firm
riskier, then the value of the firm will jump
by less by $10 million, and it might even
decrease. This is because, first, the present
value of the annual savings would be lower;

securities are consistent with their different
riskinesses.

c. I would check to see if any of these were
misvalued; if so, I would buy that security.
Assuming that all of these securities were
properly priced, I would look at the cost of
converting them into cash. As a corporate
treasurer, this is probably what is most
important for me.

and second, the present value of the other 14-11 If Chimera invests its cash at 3%, then the value
operating cash flows themselves would be of its cash assets would be $1(0.03)/(0.06) = $0.5
lower due to the higher discount rate. billion. The value of the firm would be 7.936 +
14-9  a. The annualized returns are: f 0.5 = $8.436 billion.
(i) 3-month T-bill: The price of a T-bill The firm’s accounting return on equity would be
with a face value of $100 is 100(1 — [5,000(20) + 1,000(3)]/6,000 = 17.167% before
0.056/2) = 97.2; hence, the annualized the dividend payment, and [5,000(20) +
return is (100/97.2)2 or 5.844% 500(3)]/5,500 = 18.4545% after the dividend
(i) commercial paper: (1.0298)2 — 1 or payment. The value of the firm would decrease
6.0488% by only 0.25 billion, even though $0.5 billion
(i) repo agreement: (1.0292)2 — 1 or would have been paid out.
5.9253% 14-13 a. Intel is paying a premium of 1.5/[(0.2)(5)] —
" b. There is least risk in the Tibill; the com- 1 or 50% for its 20% stake.
mercial paper is riskiest because it is issued b. Let x be the after-tax cashflow that Intel will
by private corporations with a nonnegligi- earn on its invested $1.5 billion. The net pres-
ble default risk. The repo agreement has ent value of the cashflows would be x[1 —
better security, but there is still the possibil- 1.1273]/0.12 = $0.5 billion. The after-tax cash
ity of default. The returns on the three flow (x) would have to be $138.70 million.
CHAPTER 15
15-1  The Cash Flow Return on Investment (CFROI) 15-3 a. The cost of capital = (0.3)(1 — 0.35)(0.07) +
is computed using the Gross Cash Flow and the (0.70)[0.065 + 1.1(0.055)] = 0.1015. EVA in
Gross Investment. GI is defined as Net Asset 1998 = EBIT (1 — ) — Cost of capital(Capi-
Value + Cumulated Depreciation on Assets + tal Invested) = 750(1 - 0.35) -
Current Dollar Adjustment. This works out to (0.1015)(3,600) = $122.1 million.
($8,000 + $3000) (1.02)* = $11,906.754 million. b. The levered beta appropriate to the battery
The GCF = (1,300)(1 - 0.35) + 520 = 1365 m. business is 0.85[1 + (1 — 0.35)(3/7)] =
Sa]vage value = (0.4)(11,907) = $4,763. 1.0868.
The CFROI is the internal rate of return on an The cost of capital for the Eveready division
investment requiring an - initial outlay of is (0.3)(1 —'0.35)(0.07) + (0.70)[0.065 +
$11,906.754, annual flows of $1,365 every year 1.0868(0.055)] = 0.101.
for 15 years, and a salvage value of $4,763. This The EVA of the Eveready division in 1998
works out to 9.50%. - is 0.34(750)(1 — 0.35) —
The nominal cost of capital for Crown Cork (0.101)(3,600)(0.42) = 13.038 million.
and Seal is (0.5)(1 ~ 0.35)(0.08) + (0.5)(0.065 5.5 Mot utilities in the United States operate in

+ 1.2(0.055)) = 9.15%, or 7.15% in real terms,
after subtracting the inflation rate of 2%. This is
lower than the CFROI of 9.50%. Hence, the
current investments of the firm .are value-
increasing.

businesses that are natural monopolies—that is,
they are businesses where it is not possible to
have competition. They are regulated to prevent
them from reaping the spoils of their monopolis-
tic position—nhigher prices and higher profits. If



15-7

15-9

15-11

15-13

SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS 951

the regulations were removed and they contin-
ued to be natural monopolies, they would
increase their excess returns.

As a private firm, you might be more efficiently
run than your competitors and have lower over-
head expenses. You might also have the capacity
to be more flexible than your competition. Your
competitors, on the other hand, may have better
access to funds and be less exposed to the kinds
of firm-specific risk that you have to worry
about.

a. Patents provide explicit protection against
competition, allowing the firms that possess
them to charge higher prices and earn
higher returns.

b. If patent protection were weakened, I would
expect excess returns in the pharmaceutical
industry to drop.

c. If there is no patent protection, pharmaceu-
tical firms will have to compete like all other
consumer product firms—with advertising
to create brand names—by reducing costs
and establishing a cost-advantage or by offer-
ing products tailored to market segments that
are not being served. Firms with low-cost
structures and good marketing teams are
likely to be winners.

a. Given that the personal computer market is
an intensely competitive one, with several
large players, I would recommend a niche
computer that would take advantage of her
technical expertise and her capacity to keep
overhead costs down.

b. She would need to convert her technical
expertise—say, in graphics design—to produce
a computer that served professional graphics
designers better than the existing products.
Furthermore, she would need to team up with
a production specialist who could then pro-
duce these computers at low cost.

c. I think that a sophisticated niche offering,
priced with higher margins, provides the best
opportunity for a small firm with technical
expertise.

2. McDonald’s was, the first fast-food chain. It
offered a standardized menu at low prices at
all its locations. As the first entrant to do this
successfully with independent franchises, it
reaped enormous gains.

15-15

15-17

b.

McDonald’s clearly has unparalleled brand-
name recognition, especially overseas. I
would foresee it taking advantage of this to
grow internationally.

Year Forecast CF Actual CF

—-100,000
20,000
25,000
30,000
35,000
40,000

-105,000
15,000
20,000
25,000
30,000
35,000

(O Bt - SRS WS R

Forecast IRR 13.45%
Actual IRR 5.34%

The project did not add value to the firm
since it earned only 5.34%.

Cost of Peer Group Forecast

ROE Equity ROE ROE

Software firm

Auto firm

13.60%
14.70%

16.00%
10.00%

22.00%
10.50%

20.50%
12.50%

15-19

Firm

a.

a. The software firm did better than its
required rate of return, whereas the auto
firm lagged its required return.

b. ' The software firm did better than its peer
group, as did the auto firm.
¢, 'The software firm did less well than the

market expected it to, whereas the auto
firm did better.

Cost of

ROE Equity Differential

Chrysler
Ford
GM

—0.60%
1.95%
—2.83%

14.00%
16.00%
11.50%

14.60%
14.05%
14.33%

b.

I would conclude that Ford picked the best
projects and GM the worst.

The return on equity is a flawed measure
because it focuses on accounting income
instead of cash flows and it also reflects all
projects taken by the company rather than
just the most recent ones. Furthermore, the
book value of equity can be affected by
actions such as buybacks.
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15-21

Year

Forecast PV of actual
CF Actual CF PV at 12% at 11.5%

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

-1,500 -2,200
100 =150
150 50
200 100
250 150
275 100
300 175
325 200
350 200

.350 175

$(1,500.00)
$89.29
$119.58
$142.36
$158.88
$156.04
$151.99
$147.01
$141.36
$126.21

$(2,200.00)
$(134.53)
$40.22
$72.14
$97.05
$58.03
$91.07
$93.35
$83.72
$65.70

CHAPTER 16

a. NPV of Project using forecast CF and 12%
discount rate = ($267.28)

b. NPV of Project using actual CF and 11.5%
discount rate = ($1,733.3)

c. PV of continuing the project = 175/0.115 =
$1,521.74 :

Salvage Value of Project today = $1,500.00.

Continue the project.

16-1

16-3

16-5

16-7

Income bonds do share some characteristics with
preferred stock. The primary difference is that
interest paid on income bonds is tax deductible
while preferred dividends are not. Income bond-
holders also have prior claims on the assets, if the
firm goes bankrupt. In calculating cost of capital,
the primary difference again will be that the cost
of income bonds will be lower because of the tax
savings.

The first characteristic—a fixed dividend and a
fixed life—is a characteristic of debt, as is the last
one—no voting rights. The other two—no tax
deductions and secondary claims on the assets—
make it more like equity. In fact, this security
looks a lot like preferred stock, and I would treat
it as such.

The convertible bond is a 10-year bond with a
face value of $1,000 and a coupon rate of 5%. If
it yielded the same rate as the straight bond, that
is, 8%, its price would be equal to 25/0.04 (1 -
1/1.04%%) + 1000/1.0420 = 796.15, assuming
semiannual coupons. Hence, the equity compo-
nent of the convertible can be estimated as 1,100
—796.15 =303.85.

The total equity component of the firm’s asset
value = 50(1 m) + 303.85(20,000) = $56.077 m.
The debt component = $25 m + 796.15(20,000)
= 40.923 m.

Hence, the debt ratio =
56.077) = 42.19%

There are two factors. One is that small high-
growth companies do not have substantial cur-
rent cash flows. Convertible bonds, by keeping

40.923/(40.923 +

16-9

16-11

16-13

the interest expense low allow these companies
to borrow. The second factor is that small high-
growth companies tend to be volatile. This
volatility makes the conversion option more
valuable to investors and reduces the interest
expense on the debt further.

Value of Common Stock = 1 million X 50 = $50
million

Value of Warrants = 200,000 X $12 = $2.4 mil-
lion

Value of Straight Debt = $250 million

Value of Straight Debt portion of Convertible
Debt = 10,000 x (60 X (PVA, 9%, 10) +
1,000/1.091% = $8.075 million

Value of Conversion Option = 10,000 X 1,000
— $8,075,000 = $1.925 million

Value of Debt = $250 + $8.075 = $258.075
million

Value of Equity = $50 + $2.4 + $1.925 million
= $54.325 million

Debt Ratio = 258.075/(258.075 + 54.325) =
82.61%

Bank debt may be preferable for those companies
that have substantial private information on their
riskiness (or lack of it). While they may not be
willing to reveal this information to bond mar-
kets (where even competitors could observe it),
they may be willing to reveal it to a bank (where
there is a greater chance of confidentiality).

Interest is tax deductible, whereas preferred divi-
dends are not. This statement is generally true for
companies paying taxes.
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17-1

a. The cost of internal equity = 6.5 + 1.2(6) =

pricing for firms of different sizes. I would also

14.3% look at the degree of underpricing of well-
b. The cost of external equity = known firms that decide to go in for an IPO.
(100/95)(14.3) = 15.0526% 17-9 a. Number of shares you would need to sell in
17-3 We assume that Office Helpers is choosing to go ' rights offering = $100 mil/$25 = 4 million
public instead of using venture capital. Further- Number of shares outstanding = 10 million
more, we assume that the market valuation of $120 You would need five rights to buy two
will hold even with the IPO. Finally, let us assume shites. <
that $20 n'nlhon nee.ds to be raised. Now, if the? t.ar— b. - Ex-riffil price = (50 x 10425 X 4)/14 =
get price is $10, which represents an underpricing $42.86
of 20%, the true value of the shares will be 10/.8 s - 3 ¢
= $12.5 per share. At this price, the firm would e Yalue pet right = Pre-rights price — Ex-
have to issue 20/10 or 2 million shares. Since the rights price = $SO —$42.86 = $7.14
2 million shares will represent a value of $25 mil- d. If the price of the right were higher than
lion, the total number of shares outstanding would $7.14, I would sell my rights at the higher
be 2(120/25) = 9.6 million shares. Of this, the price and keep the difference as excess
existing shareholders would get 7.6 million shares, return. The stock price after the rights issue
representing a value of (7.6/9.6)120 = $95 m; the and the cash will yield me more than what I
public shareholders would get (2/9.6)120 = $25 m paid for the stock, which was $50.
for which they_would have paid 2(10) = $20 m,or  17_11 3. The current capital is $15(1 million shares) =
an undervaluation of 5/25 or 20%. $15 million. Additional capital to be raised is
17-5 a. The expected return using the CAPM is 6.5 $10(0.5 million shares) = $5 million. Hence,
+ 1.1(6) = 13.1%. net income after the issue will be $1 mil-
b. Venture capitalists typically have to invest a lion(20/15) = $1.33 million. EPS would be
large portion of their portfolio in a single 1.33/1.5 = 88.67 cents per share.
firm; hence there is a lot of diversifiable risk b. Earnings per share under this alternative sce-
that they would have to hold. Furthermore, nario would be 1.33/1.33 = §1 per share.
firms requixjin'g venture capital woul(.:l nots ¢. No, if I have availed myself of the rights
_many be riskier than other firms in the . issue; in this case, [ would have the same pro-
industry. portional ownership of the firm. Even if I
17-7 1 would agree with this statement. T would test it had sold the right, I would have been com-
empirically by looking at the extent of under- pensated for the lost value.
CHAPTER 18
18-1 a. Annual tax savings from debt = § 40 million PV of Tax Savings = $5 billion (0.36)
x 0.09 x 0.35 = $1.26 = $1.8 billion
b. PV of Savings assuming savings are perma- b. Yes. The net operating loss will mean that
nent = $40 million X 0.35 = $14.00 this tax savings will not occur for a while.
c. PV of Savings assuming savings occur for 10 For instance, if it will be five years before
years = $1.26 (PVA, 9%, 10) = $8.09 Westinghouse will have enough taxable
d PV of Savi i ; income to claim the interest deduction, this
i . & mcreaie. = $1.8 billion should be discounted back five
If savings are permanent = 1.26/0.07 = :
$18.00 years to arrive at the present value.
If savings are for 10 years = $1.26 (PVA, 18-5 a. Moderate. The low leverage may provide an
7%, 10) = $8.85 opening.
18-3  a. Ignoring the net operating loss



954

18-7

18-9

18-11

18-13

18-15
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b. Moderate to High. The poor projects and
the low leverage may make them susceptible;
the poor earnings may act as impediment.

c. Low.
d. Low.
e. Highest.

That is not true. Due to the agency conflicts
between stockholders and bondholders, bond-
holders charge higher interest rates or write in
much stronger covenants, either of which
imposes real costs on the firm.

That is also not true. There is a cost to maintain-
ing flexibility—opportunity costs associated with
maintaining excess debt capacity and large cash
balances. These costs may outweigh the benefits
for some firms, especially those with mediocre
investment prospects.

Of $1 paid to bondholders from corporate
before-tax income, the bondholder gets (1 — 0.4)
= 60 cents. Of the same dollar paid to equity
holders, the equity holder gets (1 — 0.3)(1 — 0.2)
= 56 cents. Hence, debt does have a tax advan-
tage.

Ifa firm with no debt and a market value of $100
million borrowed $50 million in this world, it
would obtain a benefit of 1 — 0.56/0.6 = 1/16 of
the amount issued, or 50/16 = $3.33 million.
Hence, the firm value would be 100 + 50 + 3 =
$153 million.

a.  The past policy of not using debt can be jus-
tified by noting that returns on projects were
high (increasing the need for flexibility) and
that earnings in the future were likely to be
volatile (because of the growth).

b.  Given that returns on projects are declining,
I would argue for a greater use for debt.

Bond covenants have a real cost to firms because
they reduce their flexibility. These covenants
might prevent firms from taking good projects (if

CHAPTER 19

18-17

18-19

18-21

18-23

18-25

18-27

the covenants restrict investment policy), repur-
chasing stock, or taking fresh debt for new proj-
ects.

a. An electric utility is regulated (reducing
agency costs), has stable and predictable cash
flows (reducing bankruptcy needs), and
knows its future investment needs with some
precision (reducing the need for flexibility).
All of these factors will increase its capacity
to carry debt.

b. Yes. Both the regulation and the monopoly
characteristics reduce the agency costs and
bankruptcy costs, increasing debt capacity.

I would expect the debt ratios of large firms to
increase because governments will then bear a
portion of the bankruptcy costs.

I would expect strong firms to issue straight debt
and financially weak firms to issue preferred or
convertible preferred.

The fact that the stock price goes to zero in a
bankruptcy is not caused by the bankruptcy but
by the actions that the firm has taken in the years
prior that reduced cash flows and value. In other
words, it is not caused by the bankruptcy itself
and should not be viewed as cost occurring as a
consequence of it.

It is in the interests of incumbent managers to
keep leverage low. By doing so, they minimize
the chances that the firm will go bankrupt
(which might affect their personal value) sub-
stantially, and they also reduce the oversight that
might come with higher debt ratios. Thus, you
would expect firms to be underlevered if stock-
holders do not have much power.

High growth cellular firms often have significant
needs for funds for long-term infrastructure
investments. Debt is usually used for these invest-
ments. Brand name firms often value flexibilities
and many borrow less than they can afford to.

19-1

(1) Book Value Debt/Equity Ratio =
2,500/2,500 = 100%

Market Value of Equity = 50 X 80 = 4,000
Market Value of Debt = 0.80 X 2,500 = 2,000

Debt/Equity Ratio in market value terms =
2,000/4,000-=50,00%

(2) Book Value Debt/(Debt + Equity) =
2,500/(2,500 + 2,500) = 50%

Market Value Debt/(Debt + Equity) =
2,000/(2,000 + 4,000) = 33.33%

(3) After-tax Cost of Debt = 12% (1 — 0.4) =
7.20%

(4) Cost of Equity = 8% + 1.2 (5.5%) = 14.60%

(5) Cost of Capital = 14.60% (4,000/6,000) +
7.20% (2,000/6,000) = 12,13%



SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS 955

19-3 (a), (b),and (c)

Unlevered Beta = Levered Beta/(1 + (1 — £)(D/E))

=1.2/(1 +0.6 X 0.5) = 0.92

D/E Ratio Beta Cost of Equity Cost of Debt WACC
Option 1 20.00% 1.03 13.69% 6.60% 12.51%
Option 2 100.00% 1.48 16.12% 7.80% 11.96%
Option 3 500.00% 3.69 28.31% 10.80% 13.72%
(d)
A Firm Value ~ New Firm Value Debt Equity Stock Price

Option 1 ($180) $5,820 $1,000 $4,820 $75.68
Option 2 $86 $6,086 $3,000 $3,086 $81.72
Option 3 ($693) $5,307 $5,000 $307 $66.14

Note: The change in firm value will mean that the debt ratios computed above will also change.
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19-5 (at+b)

From a cost of capital standpoint, option 2
is the best one.

If Rubbermaid’s income is more volatile, the
firm should be more cautious in adding
debt.

If the new debt or equity is used to take
projects, the analysis will change for three
reasons:

(1) The projects may have a different risk
profile from the firm’s risk profile.
The NPV of the projects has to be
added to the value change calculated.
The firm value itself will increase as
the new debt and equity are issued.

I would factor in the firm’s need for flexi-
bility into the analysis—the greater the need
for flexibility the less likely it is that I would
add on debt. Furthermore, I would look at
how responsive managers are to stockhold-
ers; if they are not, I would be more likely
to add debt.

The higher rating in option 1 lowers the cost
of debt, but it is accomplished by replacing
debt with more expensive equity.

The current D/E ratio = 200/500 = 0.4
and a debt to capital ratio of 0.2857. The
cost of capital = (1 — 0.2857)(8 + 1.5(5.5))
+ (0.2857)(1 - 0.46)(11) = 13.30%.

The unlevered beta becomes 1.5/(1 + (1 —
0.46)(0.4)) = 1.234.

With the new borrowing, the beta becomes
1.234(1 + (1 — 0.46)(0.6)) = 1.634, and the
D/E ratio becomes 0.6; the leverage ratio =
0.375. The new cost of capital becomes
(0:625)(8 “SEH5:634(5.5))  FRHOLTSH)(1.—
0.46)(12.5) = 13.15%. Since the cost of cap-

)
©)

. ital drops, you should go ahead with the bor-

(c)

@

()

rowing, assuming that the new funds are
invested in similar projects as the existing
firm.
At this capital structure, the firm would
change - in  value = by (200 +
500)(0.0015/1,315) = $8 million
Hence, the price per share increases to $50
+ $8 million/10 million = $50.80.
If we now assume that these funds can be
invested in a new project with before-tax
income of $20 m a year (but with similar
risk), the after-tax flows are 10.8 m per
year. The NPV of this investment would be
10.870.1315 — 100 = —=17.17m. Hence the
project is not desirable.
If the flows in (5) are certain, then we dis-
count them at the risk-free rate of 8%.
Hence, the NPV of the project = 10.8/0.08
—100 = $35.0. The project would therefore
be acceptable.

19-7 (a) Optimal Debt Ratio
Debt Cost of AT Cost Cost of
Ratio Beta Equity of Debt  Capital
0% 1.50 17.25% 6.00%  17.25%
10% 1.60 17.80% 6.30%  16.65%
20% 1513 18.49% 6.60% 16.11%
30% 1.89 19.37%  7.20% 15.72%
40% 2.10 20.55%  7.80%  15.45%
50% 2.40 22.20% 8.40%  15.30% Optimal
60% 2.85 24.68%  9.60%  15.63%
70% 3.60 28.80% 10.80%  16.20%
80% 5.10 37.05% 12.00% 17.01%
90% 9.60 61.80% 15.00%  19.68%

The optimal debt ratio is 50%.
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(b) Change in Firm Value = 20,000,000
(0.1725 - 0.1530)/0.1530 = $2,549,020

Increase in Stock Price from going to optimal
debt ratio = $2.55

New Stock Price = $22.55

19-9  a. Current Cost of Equity = 7% + 1.12 (5.5%)
= 13.16%

b.  Current pre-tax Cost of Debt = Interest
Expense/Book Debt = 10/100 = 10%

After-tax Cost of Debt = 10% (1 - 0.4) = 6%
(The book interest rate can be used since the bonds are
trading at par.)
c. Current Cost of Capital = 13.16%
(500/600) + 6% (100/600) = 11.97%

d. With the swap, the value of equity drops to
150. The value of debt rises to 450. The
unlevered beta = 1.12/(1 + 0.6(1/5)) = 1;
the new levered beta = 1(1 + (1 -
0.2963)(450/150)) = 3.11. (Note that the
tax rate used is the effective tax rate of
29.63%). The new cost of equity = 0.07 +
3.11(0.055) = 24.11%.

e. The annual interest payments would be
450(0.15) = 67.50. However, the EBIT is only
50. Hence the effective tax rate will have to be
adjusted to (50/67.5)(0.4) = 0.2963.

f. The WACC = (150/600)24.11  +
(450/600)(1 - 0.2963)(15) = 13.94%.
19-11 a. Market Value of Equity = 40 million X $20
= 800

19-13  Current Market Value of Equity = 27.5 million x $25 = $687.50

T-Bond Rate = 7%
Current-Debt outstanding = $25.00
Current Debt/Equity Ratio = 25/687.5 = 3.64%

Unlevered Beta = 0.70/(1 + 0,65 X 0.0364) = 0.6838208

Cost of Equity = 8% + 1.15 (5.5%) =
14.33%

Cost of Capital = 14.33% (0.8) + 10% (1 —
0.4) (0.2) = 12.66%

If the firm borrows $200 million and buys
back stock, Equity will drop to $600 million.

New Debt/Equity Ratio = 400/600 = 0.67

Unlevered Beta = 1.15/(1 + 0.6 x 0.25) =
1.00

New Beta = 1.00 (1 + 0.6 X 0.67) = 1.40

New Cost of Equity = 8% + 1.40 (5.5%) =
15.70%

New Cost of Capital = 15.70% (0.6) + 11%
(1-0.4) (0.4) = 12.06% :

Increase in firm value from moving to opti-
mal = (0.1266 — 0.1206)(1,000)/0.1206 =
$49.75

Increase in Stock Price = $ 49.75/40 = $1.24

The firm currently pays dividends of $1 per
share. An increase to $2 per share per year will
change equity value to 800(1.1266) — 2(40) =
$821.28 m, assuming that the required rate of
return on equity does not change. This
assumes that the market continues to expect a
rate of return of 12.66%, although the
expected change in leverage may increase it. If
the new capital expenditure is financed with
debt, the amount of debt will go up to $350
m. Hence, the debt/equity ratio will equal
350/821.28 = 0.426.

Return on Capital = EBIT (1 - £)/(BV of Debt + Equity) = 63.3 (1 — 0.35)/(25 + 200) = 18.29%
Return on Equity = ROC + D/E (ROC - Interest Rate on Debt 1-19)
a, b, and c. Cost of Equity, ROE, and Differential Return at each level of Debt

Debt Ratio

D/E Ratio Beta Cost of Equity Interest Rate ROE ROE-COE

0% 0.00% 0.68 10.76% 6.70% 18.29% 7.53%
10% 11.11% 0.73 11.03% 7.00% 19.81% 8.78%
20% 25.00% 0.79 11.37% 7.50% 21.64% 10.27%
30% 42.86% 0.87 11.81% 8.00% 23.90% 12.09%
40% 66.67% 0.98 12.39% 8.50% 26.79% 14.40%
50% 100.00% 1.13 13.21% 9.00% 30.72% 17.52%
60% 150.00% 1.35 14.43% 10.00% 35.97% 21.54%
70% 233.33% 1572 16.47% 11.00% 44.27% 27.81%
80% 400.00% 2.46 20.54% 12.00% 60.23% 39.69%
90% 900.00% 4.68 32.76% 15.00% 95.12% 62.35%

The differential return is maximized at 90% debt.
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d. Value of the firm might not be maximized at
90% debt because the focus of this approach
is to maximize equity returns. To the degree
that this can be accomplished by expropriat-
ing wealth from bondholders or by increas-
ing risk, this may not maximize firm value.
It is also based on the presumption that the
ROC will be unaffected by the changes in
rating that accompany the higher debt ratio.

a. [Estimate of Market Value of Debt

Present Value of Interest Expenses ($55 mil-
lion) and book value ($664 million) at the
cost of debt of 7.5%.

Estimated Market Value of Debt = $700!
Estimated market value is $700 million.

Market Value of Equity = 173 x $30.75
$5,320

b. Cost of Equity = 6.50% + 1.17 (5.5%)
12.94%

Cost of Capital = 12.94% (5320/(5320 +
700)) + 7.5% (1 — 0.36)(700/(5,320 + 700))
= 11.99%

c. Increase in value per share = $1.25

Total Increase in firm value = 173-* 1.25 = $216
(5,320 + 700) (0.1199 — x)/x = 216.25

Solving for x,

x = (6,020 x 0.1199)/(6,020 + 216.25) =
11.57%

The cost of capital at the optimal is 11.57%.

a. Unlevered Firm Value = Current Firm Value
— Tax Savings + Exp. Bankruptcy Cost @
existing debt = (1,760 + 527) — 527 X 0.36
+ 2.3% of 0.30 (2,287-527*0.36)

X = 2,287 — 190 + (0.023)(0.3)(2,287 —
190) = $2,111

b. At a debt ratio of 50%,

New Levered Firm Value = $ 2,111 + (0.36) (0.5)

(Levered Firm Value) — (0.4661) (0.30) (2,111)

X=2,111 + 0.18 X — (0.4661) (0.3) (2,111)

Solving for X,

X = 2,111 — (0.4661)(0.3)(2,111))/(0.82) =

$2,214.41

a. The optimal debt ratio is so high because
Reebok has a high EBIT relative to firm
value.

EBIT/Firm Value = 420/3,343 = 12.56%

If one adds back depreciation to this return, it is
quite clear that at existing levels, Reebok has

19-21

19-23
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substantial cash flows to meet any debt payments,
which in turn is pushing up the optimal debt
ratio.

b. My primary concern with moving toward
this optimal would lie in whether these
operating cash flows are sustainable, given
the volatility of the product market that
Reebok serves.

a. Current market value of equity = 12.2(210)
= 2,562. If we capitalize lease payments at
the same rate as the debt, we get a present
value of 15070.1012 = 1,482. This is a high
estimate, since the actual life of the lease pay-
ments is probably lower. The market value of
the debt itself is 3,000 m. Hence, the
debt/equity ratio = (1,482 + 3,000)/2,562 =
1.75, or a debt ratio of 0.6364.

b.  The cost of equity = 0.0612 + 1.26(0.055)
= 0.1305. The WACC = (0.6364)(1 —
0.35)10.12% + (0.3636)13.05% = 8.93%

c. The current beta = 1.26; the unlevered beta =
1.26/(1 + (1 — 0.35)1.75) = 0.5895. Hence,
the levered beta at a debt ratio of 30% =
0.5895(1 + (1 — 0.35)(0.3/0.7) = 0.753; the
cost of equity = 0.0612 + 0.753(0.055) =
0.1026. The WACC = (0.3)(1 - 0.35)(0.0812)
+ (0.7)(0.1026) = 8.77%. The firm value at
this optimum = (2562 + 1482 + 3,000)[1 +
(0.0893 - 0.0877)/0.0877] = 7,172.51 m.
(which includes the capitalized value of lease
payments).

d. Yes,if 1995 operating income was depressed,
the estimated bond rating is probably biased
downward. Hence, the true firm value is

probably higher.

a. The expected bankruptcy cost =
0.0141(0.30)(12.14 + 20.55) = 0.1383 bil-
lion. The tax advantage to debt =
12.14(0.36) = 4.37 billion. Hence, the
unlevered firm value = 12.14 + 20.55 +
0.1383 — 4.37 = 28.46 billion.

b. . Suppose the levered firm value at a debt
ratio of 50% = x. Then, the expected bank-
ruptcy cost = 0.023(0.3)x. The tax benefit =
(0.5)(0.36)x, assuming that the marginal tax
rate would still be 36%. Then, we have the
equation, x = 28.46 — 0.023(0.3)x +
(0.5)(0.36)x. Solving, we find x = $34.42
billion.

c. Since the earnings will be more volatile,
you'd expect the leverage ratio to be lower.
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19-25

It is true that the return on equity can be
increased by borrowing money, since the after-
tax cost of debt is likely to be lower than the
return on assets (which is currently eciual to the
return on equity) of 12.75%. Borrowing money
will also increase the cost of equity, however. The

CHAPTER 20
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net effect will determine whether leverage will
increase firm value. If the business risk of the
firm is high (a high unlevered beta), then the
increase in the cost of equity may exceed the
increase in return on equity.

20-1

a. - There are a number of ways in which BMD
can increase its debt ratio:
1. It can borrow $1.15 billion and buy
back stock.

2. It can borrow $1.15 billion and pay spe-

cial dividends.

3. It can borrow more than $1.15 billion
and take projects over time, in which
case its optimal dollar debt will be
higher.

For instance, if the money is borrowed
now to take projects, the debt needed can be

estimated approximately: X/(2,300 + X) =
0.5. Solving for X, X = 2,300.

b. From the viewpoint of the effect on equity,
there is no difference between repurchasing
stock and paying a special dividend. There
may be a tax difference to the recipient, since
dividends and capital gains are taxed differ-
ently.

c. If BMD has a cash balance of $250 million,
it can use this cash to buy back stock. BMD,
therefore, needs to borrow only $1.025 bil-
lion to get to 50%.

20-3  The solution to this problem is similar to that of problem 2, except that dividends are constant in this case.
a. If the existing policy of paying $50 million in dividends is continued.
Current 1 2 3 4 5

Debt $ 5,000.00 $ 5,000.00 $ 5,000.00 $ 5,000.00 $ 5,000.00 $ 5,000.00
Equity $ 500.00 $ 518.00 $537.43 $ 558.40 $ 581.04 $ 605.48
D/(D+E) 90.91% 90.61% 90.29% 89.95% 89.59% 89.20%
D/E 1,000.00% 965.25% 930.35% 895.41% 860.52% 825.79%
Dividends $ 50.00 $ 50.00 $ 50.00 $ 50.00 $ 50.00 $ 50.00
Beta 1.20 1.16 1713 1.09 1.06 1.02
Expected Return 13.60% 13.40% 13.21% 13.01% 12.81% 12.61%
Dividend Yield 10.00% 9.65% 9.30% 8.95% 8.61% 8.26%
Exp. Price Appr. 3.60% 3.75% 3.90% 4.05% 4.21% 4.36%

b. When dividends drop to zero, the debt ratio drops faster. However, starting from a ratio of 90.91%, it is nec-
essary to adopt more drastic strategies such as buying back equity to reach the desired debt equity ratio of

30%.
Current 1 2 3 4 5
Debt $ 5,000.00 $ 5,000.00 $ 5,000.00 $ 5,000.00 $ 5,000.00  $ 5,000.00
Equity $ 500.00 $ 568.00 $ 641.40 $ 720.63 $ 806.16 $ 898.47
D/(D+E) 90.91% 89.80% 88.63% 87.40% 86.12% 84.77%
D/E 1,000.00% 880.28% 779.54% 693.83% 620.23% 556.50%
Dividends $— $ - $= L R $- $-
Beta 1.20 "~ 1.08 0.97 0.89 0.81 0.74
Expected Return 13.60% 12.92% 12.35% 11.87%: 11.45% 11.09%
Dividend Yield 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Exp. Price Appr. 13.60% 12.92% 12.35% 11.87% 11.45% 11.09%

" The information on growth rates in operating income and depreciation could be used, if desired, to obtain a
different estimate of the market value of equity.



SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS 959

Change in Firm Value = 0.08 — 6.51 (Change in

Long Bond Rate)

The ¢ statistic for the slope coefficient is only
1.01; it is not statistically significant.

The estimate of the duration is 6.5 years.

20-5 To advise TL Corporation on designing debt, I
would need to get information on the types of
assets/projects that it plans to finance with the
debt.
In particular, I would need to know the following:
1. Are the projects short term or long term?
2. What is the pattern of cash flows on these
projects?
3. Are these cash flows stable or volatile?
4. What currency will these cash flows be in?
5. What other factors (economy, industry-
specific facts) affect cash flows?
20-7
. Year Equity Debt Firm Value  Long Bond Rate GNP Growth ~ Dollar  Inflation Rate
1985 $1,825 $436 $2,261 11.40% 6.44% 12595 3.50%
1986 $2,261 $632 $2,893 9.00% 5.40% 112.89 1.90%
1987 $2,390 " $795 $3,185 9.40% 6.90% 95.88 3.70%
1988 $1,961 $655 $2,616 9.70%: 7.89% 95:32 4.10%
1989 $2,260 $836 $3,096 9.30% 7.23% 102.26 4.80%
1990 $1,876 $755 $2,631 9.30% 5.35% 96.25 5.40%
1991 $2,010 $795 $2,805 8.80% 2.88% 98.82 4.20%
1992 $2,589 $833 $3,422 8.10% 6.22% 104.58 3:00%
1993 $3,210 $649 $3,859 7.20% 5.34% 105.22 3.00%
1994 $3,963  $1,053 $5,016 8.00% 5.97% 98.6 2.60%
a. To estimate the duration, we regress changes b. To estimate the cyclicality, we regress changes
in firm value against changes in the long in firm value against GNP growth rates.
bond rate. Year Change in Firm Value GNP Growth
Change in Change in 1986 27.95% 6.44%
Year Firm Value Long Bond Rate 1987 10.09% 5.40%
1986 27.95% ~2.40% e i o
1989 18.35% 7.89%
1987 - 10.09% 0.40% ) o 7239
1988 ~17.86% 0.30% 1920 s o
1989 18.35% ~0.40% gy aes =
1992 22.00% 2.88%
1990 -15.02% 0.00% 1993 12.77% 6.22%
1991 6.61% —0.50% 1994 29.98% 5.34%
1992 22.00% —0.70% : 3 >
1993 12.77% =0.90% Change in Firm Value = 0.38 — 4.68 (GNP
1994 29.98% 0.80% Growth)

The i statistic on the slope coefficient is 1.15.

While the regression suggests that the firm is

countercyclical, the ¢ statistic is not statistically

significant.

c. To estimate the sensitivity of firm value to
exchange rates, regress changes in firm value
against changes in weighted dollar.
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Change in Change in
Year Firm Value Weighted Dollar
1986 27.95% -10.37%
1987 10.09% -15.07%
1988 -17.86% -0.58%
1989 18.35% 7.28%
1990 -15.02% —5.88%
1991 6.61% 2.67%
1992 22.00% 5.83%
1993 12.77% 0.61%
1994 29.98% —6.29%

Change in Firm Value = 0.10 — 0.03 (Change in
Weighted Dollar)

The ¢ statistic is close to zero.

The firm’s value is unaffected by changes in
exchange rates.

d. To estimate the sensitivity of firm value to
inflation rates, regress changes in firm value
against changes in inflation rates.

Change in Change in
Year Firm Value Inflation Rate
1986 27.95% -1.60%
1987 10.09% 1.80%
1988 -17.86% 0.40%
1989 18.35% 0.70%
1990 -15.02% " 0.60%
1991 6.61% -1.20%
1992 22.00% -1.20%
1993 12.77% 0.00%
1994 29.98% —0.40%

20-9

Change in Firm Value = 0.10 — 6.84 (Change in
Inflation Rate)

Again, while the results suggest that the firm’s
value is negatively affected by inflation, the f sta-
tistic is only 1.30.

e. On all of these regressions, there is consid-
erable noise in the estimates. If the results
from these regressions deviate significantly
from industry averages, I would use the
industry averages. In addition, if I knew that
the firm was planning to enter into new
businesses, I would factor these into my
analysis.

When the regression analysis is done with both
operating income and firm value as dependent
variables, there might be different results from
each.

20-11

20-13

20-15

SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS

The reasons for the differences are as follows:

a. Operating income might be smoothed out,
whereas firm value is nof.

b.  Firm value reflects changes not only in oper-
ating income but also in discount rates and
expected future growth. I would be more
inclined to use firm value to measure dura-
tion and sensitivity to economic factors. I
would use operating income to examine
sensitivity to inflation, especially if floating
rate debt were to be issued.

a. Since Upjohn is a potential takeover target, I
would suggest moving to the optimal debt
ratio quickly.

b. Cost of Equity = 6.50% + 1.17 (5.5%) =
12.94%

While the current return on equity > current
cost of equity, the decline in the return on equity
would suggest a greater emphasis on stock buy-
backs and dividends.

a.  Given that firm value is negatively affected
by changes in interest rates and that the
regression suggests that the duration of the
debt should be 6.33 years, I would argue that
Bethlehem Steel should have debt with a
maturity greater than a year.

b. It might make sense, however, for Bethlehem
Steel to use short-term debt to finance long-
term projects if:

(1) They believe that they are much less risky
than the market assesses them to be (bond
ratings, cost of debt).

(2) They anticipate changing their business
mix in the near future and enter different
businesses.

(3) They believe they can forecast changes in
the term structure better than other market
participants.

a. It can be argued that the slope coefficient is
a measure of the duration of the assets
owned by these firms; hence, it can deter-
mine the duration of the debt.

b. The slope coefficients are estimated with
substantial noise; I would use the average
across all'six firms as my measure of duration
for each of them.

Average Slope Coefficient = 8.93
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CHAPTER 21

21-1  (Price before — Price After)/Dividends = (1 —
to)/(1 = .teg), 1 that is, 3.5/5 = (1 — t,)/(1 = 0.4)
Solving for the ordinary tax rate, ordinary tax
rate = t, = 1 0.6 X 3.5/5 = 58%

21-3  Assume that the true capital gains tax rate =
Stated Rate/(1 + R)"
(Py—P) = (1 = to)/(1 — tcg) or ($10 — $9.20) =
(1-0.5)/(1 -0.5/1.1")
Solving for n, n = approximately 3 years.

21-5 [ would expect the price to drop since the actual

dividend increase of 2% is less than the expected
dividend increase of 5%.

21-7 I would expect the price reaction to be positive.
The price increase in this case may send a posi-
tive signal to financial markets. The answer is dif-
ferent from the previous problem because the

CHAPTER 22

auto parts industry is a more stable one than the
software business (reducing the negative signaling
implications of the dividend increase). Further-
more, the fact that the company already pays a
substantial dividend implies that its stockholders
will be less averse to receiving more in dividends.

I would expect it to decline. The preceding news
on earnings and revenues has probably already
conveyed the message that the firm is in financial
trouble to financial markets. The decline in divi-
dends, however, may cement this message by
indicating that management believes that the
earnings decline is not a short-term* phenome-
non.

I would expect bond prices to drop. Selling assets
(especially liquid ones) and paying dividends
make these bonds much riskier.

22-1 a. Dividend Payout Ratio = (2 * 50)/480 =

able to maintain these dividends. I would
also hold back some cash for future projects
if I felt that investment needs could vary sub-
stantially over time.

f. If $125 million is paid out as dividends, the
cash balance will increase by $212 miilion
[$337 — $125].

Current WACC = 100/(100 + (50)(10))(1 —

0.4)10% + (50)(10)/(100 + (50)(10)) 16% =

14.33%

Annual Cash flow

Investment EBIT Depr. Lifetime Salvage peryr. NPV

20.83%
b. Free Cash Flows to Equity this year
Net Income $480
— (Cap Ex — Depr) (1-DR) $210
— (Change in WC) (1-DR) $351
FEFE $235
Dividends as % of FCFE = 100/235 =
42.55%
(of
Cost
Project  Investment Beta IRR  of Equity
A $190 mil 0.6 12.00% 11.80%
B $200 mil 0.8 12.00% 12.90%
G $200 mil 1 14.50% 14.00%
D $200 mil 12 15.00% 15.10%
E $100 mil 5 20.00% 16.75%

Accept projects A, C,and E. The total investment
is $490 million.
d. Estimation of FCFE next year

Net Income $540
— (Cap Ex — Depreciation) (1 =DR) $168
— (Change in WC) (1 = DR) $35
= FCFE $337

e. I may not pay this amount as dividends
because of my concerns that I would not be

1 0.5 3 25 1.1, ,5—4.97358
5 1 10 10 4 -16.7809
5 1 10 10 4 -26.7809

a. Since all projects have NPV < C, none of
them should be accepted.

b. The firm has free cash flow to equity equal
to Net Income + (1 — 8)(Capital expendi-
tures — Depreciation) = 90 + 8 = $98 m.
This is the maximum that it can pay out in
dividends. This assumes that some of the
depreciation is used to pay back debt. Alter-
natively, I would add back the entire depre-
ciation to the net income to get $100 mil-
lion as FCFE. :
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22-5

22-7

22-9

22-11

22-13

SOLUTIONS TO ODD-NUMBER QUESTIONS AND PROBLEMS

‘Current 1 2 3
Net Income $100.00 $110.00 $121.00 $133.10
+ Depreciation $50.00 $54.00 $58.32 $62.99
=Cap F $60.00 $60.00 $60.00 $69.00
— Change in WC $10.00 $10.00 $10.00 $10.00
= FCFE $80.00 $94.00 $109.32 $126.09
Dividends Paid $66.00 $72.60 $79.86
Cash Balance $50.00 $78.00 $114.72 $160.95
The cash balance at the end of year 3 = 160.95 million.
a.' No. Its FCFE is negative: FCFE = 10 — (25 — 5) = —10 million.
b.
Current 1 2 3 4 5
Net Income $10.00 $14.00 $19.60 $27.44 $38.42 $53.78
— (Cap Ex- Depr) $20.00 $22.00 $24.20 - $26.62 $29.28 $32.21
=FCFE <0 €0= <0 >0 >0 >0
The company will have positive FCFE by year 4. It can start paying dividends after that year.

Year Net Income (Cap Ex — Depr) (1-DR)

Ch WC (1-DR) FCFE

1996 $485.10 $151.96
1997 $533.61 $164.11
1998 $586.97 $177.24
1999 $645.67 $191.42
2000 $710.23 $206.73

$8.75 $324.39
$9.19 $360.31
$9.65 $400.08
$10.13 $444.12

$10.64 $492.86

This is the amount that the company can afford to pay in dividends.

b. The perceived uncertainty in these cash flows will make me more conservative in paying out the entire
amount in FCFE in the year in which I make it.

Assuming that we are talking about the second
scenario, where the firm does borrow money, I
would defend my decision by noting that I have
a track record of great projects and that I am
retaining the cash for future projects. My track
record will probably make me credible, at least as
long as I can keep my return on equity above my
cost of equity.

The company will have a negative FCFE since it
will have to generate enough cash flows to make
the principal payment of $100 million. Recalcu-
lating the FCFE,

Estimated Net Income next year $140.80
= (Cap Ex = Depreciation) $28.60
~ Change in Working Capital $50.00
. = Principal Repayment $100.00
FCFE $(37.80)

22-15
Payout  Dividend

Company Ratio Yield Growth
Fedders' 1% 1.20%  22%
Maytag 37% 2.80% 23%
National Presto ~67% 4.90% 13.50%
Toro 15% 1.50% 16.50%
Whirlpool 30% 2.50% 20.50%
Average 32% 2.58% 19.10%
Black & Decker 24% 1.30% 23%

a. Black & Decker pays less in dividends than
the average company in the sector.

b. Black & Decker also has higher growth than
the average company in the sector. One way
of controlling for differences in growth rate
is to regress dividend payout ratios and yields
against the growth rates.
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Dividend Payout Ratio = 0.88 — 2.90 (Expected
Growth)
Dividend Yield = 0.07 - 0.23 (Expected
Growth)

Black & Decker’s predicted payout ratio = 0.88
—-2.90 (0.23) = 21.30%

CHAPTER 23

22-17

963

Black & Decker’s predicted dividend yield =
0.07 - 0.23 % (0.23) = 1.71%

No. Given the higher growth rate, I would expect
that Handy and Harman will pay less in dividends
than the average firm in the sector. The higher
growth creates a greater reinvestment need.

23-9

23-11

23-13

23-15

the split—that is, that higher earnings and
stock prices will follow.

The positive reaction can be explained by several
factors. First, the action suggested that the man-
agement of the firm was aware that it had a prob-
lem and was willing. to deal with it. Second, the
splitup units had more independence and were
no longer burdened by the policies and practices
of the other units. Third, it allowed each of the
splitup units to reveal its assets and earning power
separately, making it easier to value the compo-
nent parts.

Spinoffs and splitoffs may make it easier to value
firms since they isolate the assets of the entity
being valued. It is easier to-estimate risk parame-
ters for the entity if it is traded separately. This
benefit should be greatest for complex firms
with financial statements that are difficult to
break down and analyze.

No. I do not think Nabisco’s stockholders will be
satisfied. Although one of the objectives for the
spinoff—separating the contaminated tobacco
division from the food division—may have been
accomplished, the other—removing manage-
ment that they view as incompetent—would
not.

For every five shares that a stockholder has in the
old Disney, he will have had a value of $30(5) =
$150; subsequent to the tracking stock issuance,
he will have (28)(5) + 12 = $152 in all. Hence,
each stockholder has benefited.

23-1 a. No.The earnings per share will increase only
if the return on assets exceeds the after-tax
cost of borrowing.

b. No. The risk will increase as leverage
increases, and the stock price may go down
even with higher EPS.

¢. If the increase in earnings per share more
than offsets the higher risk from increased
leverage, the price will go up.

23-3  Forward contracts to buy equity are riskier than
announcements of buybacks because they repre-
sent legal obligations to buy stock at a stated
price. The firm does not have the option to back
down.

23-5 No. The splitoff will not solve the problem
because incumbent management (which is the
problem) is still running the firm. I would rec-
ommend breaking up the firm and selling its
component parts to outsiders, or a splitoff where
incumbent management explicitly disavows con-
trol in the splitoff entities.

23-7 a. No.Given the preponderance of institutional
investment and the fact that the price is only
$50 (rather than $400 or $500), I do not
believe that this action is going to increase
the investor base for the company.

b. While I would expect an initial positive
reaction to the split, this increase will be sus-
tained only if the firm follows up with pos-
itive news that confirms the signal sent by

CHAPTER 24

24-1  a. Reinvestment Rate = g/ROC = 5%/10% =

50%

b. Firm Value = 100 (1.05)(1-.5)/(.10-.05) =
$1050.00

c. Value of Firm = 100/.10 = $1,000.00

24-3

Expected Growth rate next year = Reinvestment
rate X ROC = .5 % 1.0 = 5%

Expected FCFF next year = 100 (1.05) (1-.5) =
$52.20
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24-5  Unlevered beta of other networking software

firms with cash = 1.20

Unlevered beta corrected for cash = 1.20/ (1-.10)
=1:33

Levered Beta for Netsoft’s operating assets = 1.33
(1 + (1-.4) (15/85)) = 1.47

Cost of Equity for Netsoft = 6% + 1.47 (5.5%)
= 14.09%.

Cost of Capital for Netsoft = 14.09% (.85) +
10% (1-.4) (.15) = 12.88%

24-7

Value of Operating Assets = 200 X 1.04/(.1288-
.04) = $2,342.34

Value of Cash = $250.00
Value of Firm = $2,592.34

a. Value of Equity = Value of operating assets +
cash and non-operating assets - debt =
127.55 + 10 - 15 = $122.55

b. Value per share = 122.55/5 = $ 24.51

c. Value of common stock = Value of Equity -
Value of options = 122.55 -7 = $115.55
Value per share = 115.55/5 = $23.11

24-9 a.,b.  From the information given, we can compute the following:

993 1994 1995 1996 1997 1998 1999

Revenues 13,500  14,782.50 16,186.84 17,724.59 19,408.42 21,252.22  22,102.31
EBITDA 1,290 1,412.55 1,546.74 1,693.68 1,854.58 2,030.77 2,223.69
Interest 215 215.00 215.00 215.00 215.00 215.00

Depreciation 400 438.00 479.61 325.17 575.06 629.70 689.52
Cap. Exp 450 492.75 539.56 590.82 646.95 708.41 689.52
Working Capital 945 1,034.78 1,133.08 1,240.72 1,358.59 1,487.66 1,547.16
FCFF 440.21 482.02 527.82 577.96 632.87 861.00
PV (FCFF) 402.50 440.74 482.61 528.46 578.66

The WACC in 1993 can be computed as 9.37%, using the
cost of equity of 13.05% based on the current beta of 1.1.

Given the current beta and the current D/E ratio of
320073968, the unlevered beta = 0.87. If we assume that
the operations of the firm do not change until after 1988,
we can infer that the WACC for the firm is constant until
1998. After 1998, the stock beta changes to 0.87(1+(1-
0.4)(0.05)) = 0.964 implying a cost of equity of 12.3% for
1999 and beyond. This, is turn, can be used to compute
a WACC of 8.4%.

We can discount the FCFF to the firm from 1994 to 1998
at the WACC of 9.37% and thereafter at the rate of 8.4%,
This yields a PV(FCFF up to 1998) = $2,432.98 m, and a

PV(FCFF after 1998) = $1,3073.26 m, or a firm value of

$15,506.24 m. The implied equity value, therefore, is
$15,506 - $3,200 = $12,306 m, for a per share price of
$198.49.

The shares are grossly underpriced.

24-11 Unlevered Beta (using last 5 years) = 0.9/ (1+(1-
4)(.2)) = 0.80
Unlevered Beta of Non-cash assets = 0.80/ (1-
.15) = 0.94

Levered Beta for Non-cash assets = 0.94

(140.6(.5)) = 1.222

Cost of Equity for Non-cash Assets = 6% +
1.22(5.5%) = 12.71%

24-13

24-15

Cost of Capital for Non-cash Assets =
12.71%(.667)+.07 x .6 x (.333)= 9.88%

Estimated FCFF next year from Non-cash Assets
= (450-50)(1-.4)(1.05)-90 = 162

Estimated Value of Non-cash Assets =
162/(.0988-.05) = $ 3,320

Cash Balance = $500

Estimated Value of the Firm = § 3,820

Less Value of Debt Outstanding of $800

= Value of Equity = $3,020

Adjusted pre-tax operating income = $ 10 mil-
lion - § 1.5 million = $8.50

Adjusted after-tax operating income = $ 8.5 mil-
lion (1-.40) = $5.10

Firm Value = 5.1(1.05)/(.09-.05) = $133.88

Illiquidity Discount = .30 - .04 (In(100) =

11.58%
Firm Value after Illiquidity Discount = 133.88
(1-.1158) = $118.37

a. The average P/E ratio = 13.2, while the
median P/E ratio = 12.25, which is the aver-
age of the 7th ranking and 8th ranking firm’s
P/E ratios. The fact that the mean and the
median are relatively close to each other
means that there is no appreciable skewness:
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there are no great extreme values. We can,
therefore, interpret either number as a means
of the market’s valuation of earnings

b. This would be true if Thiokol’s riskiness
were equal or less than that of the industry,
on average. Another reason for Thiokol to
have a lower P/E ratio even with no under-
pricing is if it were a low growth stock, say,
because of a high payout ratio.

c. These kinds of differences can be controlled
for using the regression approach. Using this
approach, the second to last column gives us
the estimated P/E ratios based on the payout
ratio, risk, and growth. The last column,
which represents the difference between the
actual P/E ratio and the estimated P/E ratio
gives us an estimate of relative under- or over-
valuation. Positive values imply overvaluation,
while negative values imply undervaluation:

Company Actual P/E Expected Growth ~ Beta Payout Estimated P/E ratio Difference
Thiokol 8.7 5.5 0.95 15 11.44 274
Northrop 9:5 9 1.05 47 14.82 -5.32
Lockheed Corp. 10.2 25 0.85 37 12.31 -2.11
United Industrial 10.4 4.5 0.7 50 9.11 1:29
Martin Marietta 11 8 0.85 22 11.34 -0.34
Grumman 11.4 10.5 0.8 37 12.07 -0.67
Raytheon 1241 95 0.75 28 10.85 1:25
Logicon 12.4 14 0.85 11 13247 -0.77
Loral Corporation 13.3 16.5 0.75 23 13.21 0.09
Rockwell 139 11.5 1 38 14.85 -0.95
General Dynamics 158 1425 1.25 40 17.90 -2.40
GM- Hughes 16.5 13 0.85 41 13.68 2.82
Boeing 179 35 11 28 12.90 4.40
McDonnell Doug. 22,6 13 1515 37 17.15 5.45
24-17 a. The average Price/Book Value ratio = 1.66. 24-19 Yes. There are several reasons why Walgreen

I wouldn’t necessarily use this ratio to price
the new issue because of the heterogeneity

amongst these firms.

In particular, even

though most of the firms have zero payout

ratios like our firm, nevertheless, some of

them have high payout ratios, such as
Browning Ferris and Safety-Kleen. Growth

rates also vary quite a bit.

These factors

affect the Market Value to Book Value ratio.

b. I would try to control for differences in
growth and risk. I would expect the IPO to
trade at a higher P/BV ratio because of its
higher growth rate. I would also examine the
ROE; a higher ROE should translate into a

higher P/BV ratio.

might have a high Price to Sales ratio and still be
fairly priced; however, they don'’t seem to apply
here. One reason might be that the firm expects
higher sales in the future. However, Walgreen’s
expected growth rate of 13.5% is less than the
average of the firms, which is 14.5. Further-
more, the payout ratio is higher than the average
for the sample (22.3). On the other hand, the
firm’s beta is higher than the average for the
sample (0.9) and so is the firm’s profit margin of
2.7 relative to 1.9. However, on balance, the firm
does seem to be overpriced, at least compared
with firms such as Arbor Drugs, which has a
higher profit margin, a lower payout ratio, and a
higher expected growth rate.
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CHAPTER 25

25-1

25-3

25-5

25-7

25-9

a. It should have no effect on value, since
expected cash flows are unchanged by the
announcement.

b. The stock price might be affected. To the
extent that investors form expectations based
upon what they know about the firm, this
action might lower expectations for the
future and reduce the perceived value. The
fact that value does not change but price
may drop reflects the likelihood that this
stock was over valued before it announced

. the restructuring.

Cost of capital = 12% (.6) + 8% (1-.4) (4) =

9.12%

Value of firm = (100 X (1-.4)-25) (1.04)/(.0912-

.04) = $ 710.94

With a 0% tax rate, Cost of capital = 12% (.6) +
8%(.4) = 10.40%

Value of firm = (100 -25) (1.04)/(.104-.04) = §
1,218.75 :

Return on capital = 50/250 = 20%
Reinvestment rate = 25/50 = 50%

a.” Expected Growth rate = 0.5 X 0.2 = 10.0%

b.  Expected Growth rate with higher reinvest-
ment rate = 0.8 X .20 = 16%

c.  Expected Growth rate with lower return on
capital = 0.8 X .15 = 12%

a. Expected Growth rate = 5.35% (Nothing
changes)

b Cost of capital = 12.5% (0.8) + 4.5% (0.2) =
10.90%
Value of firm = $ 2 (1-.5)/(,.109-.0535) =
$18.00 ~

c. Value of firm with no growth or reinvest-
ment = $18.35
Value destroyed by new investments = $0.35

Value of firm with no advertising campaign (10
million growing at 15% for 3 years, constant for-
ever thereafter) = $147.08

Value of firm with advertising campaign =
PV(10 million growing 15% for 10 years, con-
stant forever thereafter) - PV of Cost of advertis-
ing campaign = $160.37

To solve for the probability

Increase in value from advertising = Value of
firm with advertising - Value of firm without
advertising = $ 137.64

25-11

25-13

25-15

Present value of advertising cost = PV of $ 50
million for 3 years = $124.34

Probability of success needed = X (137.64) =
124.34

Probability = 90.34%

Book value of equity at start of year = 1,250 - 50
= $1200 (after subtracting out retained earnings
of $50 million

Book value of debt at start of year = 350 - 50 =
$300

Book value of capital at start of year = $1500

a. Return on capital = 180/1500 = 12%

b.  Cost of capital = 12%(2500/(2500 + 350))+
5% (350/(2500+350)) = 11.14% (Note that
the market value of equity was double the
book value at the end of 1998.)

c. EVA = (12 -.1114) (1500) = $12.89

Operating lease PV of
Year Commitment Commitment

1 55 $51.89
2 60 $53.40
3 60 $50.38
4 55 $43.57
5 50 $37.36
6-15 40 $220.00

$456.59

Capital invested before operating leases (in
millions) = $ 1,000.00

Capital invested after operating leasés =

$ 1,456.59

Operating income before operating lease
adjustment = $150

- Operating income after operating lease

adjustment = $177.40

Return on capital before lease adjustment = 9%
Return on capital after lease adjustment =
7.31%

Cost of capital before lease adjustment = 11%
Cost of capital after = 11%(2/2.457)+6%(1-
.4)(.457/2.457) = 9.62%

EVA before lease adjustment = (.09-.11) (1000)
= -$20.00 :

EVA after lease adjustment = (.0731-.0962)
(1457) = -$33.74

a. EVA this year = 20 million - 60 x .15 =
$11.00
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PV of EVA over next 5 years = $55.00 (note
that the growth and discount rates offset each

other.
Capital invested = $60.00
Value of firm = $115.00

CHAPTER 26

b. EVA this year = 20 million - 40 X 0.15 = $14
PV of EVA over next 5 years = $70.00
Capital invested = $40.00
Value of firm = $110.00

26-1 ato d.
Grumman Northrop Combined Combined
Independent Independent No Synergy with Synergy
Revenues $3,281 $4,620 $7,901 $7,901
- COGS $2,920 $4,043 $6,963 $6,795
— Depreciation $74 $200 $274 $274
= EBIT $287 $378 $664 $832
EBIT (1 -t) $187 $245 $432 $541
- LGWC $16 $22 $38 $38
= FCFF $171 $223 $394 $503
Cost of Equity 12.50% 12.50% 12.50% 12.50%
Cost of Debt 5.53% 5.53% 5.53% 5.53%
WACC 11.38% 11.98% 11.73% 11.73%
Firm Value $2,681 $3,199 $5,879 $7,479
e. Synergy Gain = $7,479 — $5,879 = $1,600
Note: Firm Value = FCFF;/(WACC - g)
26-3 a,b,c,and d.
Novell WordPerfect No synergy w/Synergy
Revenues $1,500 ° $690 $2,232
COGS $855 $518 $1,406
Depreciation $53 $29 $83
EBIT $593 $144 $743
EBIT (1 -t) $385 $93 $83
— Cap Expenditure $94 $46 $143
+ Depreciation $53 $29 $83
— £GWorking Capital $120 $27 $147
= FCFF $224 $49 $276
Cost of Equity (Initial) 14.98% 13.88% 14.85%
Cost of Equity (Stable) 13.05% 13.05% 13.05%
Value of firm $12,059 $1,554 $13,613 $14,377

The cost of equity is also the weighted average
cost of capital because neither firm has any
debt.

The weights are based on the estimated values.

(The free cash flow to the firm under synergy in
year 1 is greater than the sum of the FCFF of the
two individual firms because of the higher

growth rate in cash flows. All the estimated num-
bers under synergy are based on the new
expected growth rate which is 24%.)

e. Value of Synergy = 14,377 — 13,613 = $764
million :
Maximum Price for Wordperfect = 1,554
764 = $2,318 million
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26-5 a. 26-9 a. While the overall evidence on stock price
L S et e s v reaction to antitakeover amendements is
mixed, I would expect stockholders to react
Value of Aetna 22,800 21,800 negatively in this case because of PMT’s his-
Value of US Healthcare 1,550 1,875 tory of poor performance.
Total 24,350 23,675 b. It would not, but I would probably be even
more aggressive in ensuring that the man-
The total market value of the two firms declined agement does not adopt this clause.
by $675 million after the merger was announced.  26.11 a2, No. The stockholders could do it themselves
This would suggest that the market does not At firlotericosts
S s b. Yes. Diversification may provide a benefit to
b. Managers may be overoptimistic about the the owner of a private firm since much of
potential for synergy, whereas markets might his or her wealth is probably concentrated in
be much too pessimistic. I would tend to the frm:
belicwaig: markon. c. Ifby doing this acquisition, the publicly traded
26-7 I would expect it to be shared between the two © firm was able to increase its debt capacity sub-
companies if there are no competing bidders on stantially and take better projects, it might
the horizon. If there are, I would expect the tar- make sense to do the acquisition.
get company’s stockholders to get the benefits. :
CHAPTER 27
27-1  The cost of capital of Genzyme is 15(0.9) + The value of the executive package can be esti-
(0.1)(4) = 13.9%. The present value of the drug mated as follows:
if it were developed immediately for commercial Guaranteed Payment = $500,000
production would be 100(1.05)/(0.139 — 0.05) = Value of Bonus Package:
1,179.78. Since the costs of immediate develop— 10’000 X ($11.76 = $8.14) = 536,200
‘ment are $1 billion, the net present value of (This is a capped call since the executive bonus is
immediate development is positive and equals capped off at $75.)
$179.78 million. However, it might be worth e
s ki &7=5 - a. Tru.e. quflty}nvestors cannot lose more than
The inputs to the option to wait aré as follows: S e
= $1,179.78; K = 1,000; = 14; Standard deviation b. False. They can make equity more valuable,
= 50%; r = 5%; y = Dividend Yield = 1/Project not the firm.
Life ="1/14 = 0.0714286. The value of the option c.  True. It transfers wealth to the bondholders.
is Se7 N (dy) — Ke™ N (), where di = In (S/K) d. True. This is the equivalent of the life of the
+ (r—y + 6%2)t/o\t, d = dy — o\t. The option i,
value can be written as 1179.78¢14(0.0714286) 4
N(0.8634) — 1,000¢ HO9)N(-1.0074). Since N(dy) e. True. There is a transfer of wealth to bond-
= 0.806041; N(do) = 0.156871, the option value is holdes.
349.8352 — 77.8998 = 271.935 million, which is 27-7 a. Free cash flows to the firm equal $850 + 400
clearly greater than $179.78, as we would expect. — 400 = $850. Firm Value =
27-3  Using put-call parity, we can value a call with K {$850(0.6)(1.20)[1 - 1.20°/1.10%]}/(0.10 —

=50 and a 1-year life:
Call — Put = S — Ke™ = $12.00 + $45 — $50

0D =¢$11.76
We can also value a call with a strike price of
$75:

Call = $31 + $45 — $75 ¢ O = §8.14

0.20) + $850(0.6)(1.20)5 (1.05)/[(0.10 —
0.05)(1.1)%] = $19,883

b. Standard Deviation of Firm =
[(0.67)%(0.35)2 + (0.33)2 (0.15)2 + 2.
(0.67)(0.33) (0.5) (0.35) (0.15)
= 0.2619
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S =19,883.21 °

r=5% i

K = FV of Debt = 10,000

Variance = 0.26192 = 0.07

t = Average Duration of Debt = 3

Dividend Yield = 0

dy =207 N(d;) =0.98

dy=1.62 N(dp) = 0.95

Value of Call (Equity) = $11,350

c. Market Value of Equity = $12,200
Implied Variance = 0.25 (Trial and Error)
Implied Standard Deviation = 0.5

d. Market Value of Debt = $8,534

Current Value of Developed Reserve
10,000,000 x ($20 — $6) = $140,000,000

Exercise Price = Cost of Developing Reserve =

$120,000,000
t = 20 years

27-11

.= 7%

s =20%

y = 4%

Value of Call (Natural”Resource Reserve) =
$37,360,435

a. S =PV of Cash Inflows on Project = 250
K = Cost'of Taking Project = 500

t = 10 years
r=6%
$=06

y = 10/250 = 4%
Value of Call (Product Patent) = $95 million

b. It is an increasing function of the variance in

project cash flows. This analysis suggests that
the rights to products in technologically
volatile areas are likely to be worth a great
deal, even though the products may not be
viable now.






