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CHAPTER 1

INTRODUCTION

1.0 Purpose

Around 1970, it was discovered that the "capital asset pricing
model"” could be applied to capital budgeting problems faced by the
firm. The capital asset pricing model is a mathematical model in
which the random rate of return on an individual security in the
market is related in a linear fashion to thé "risk" of that securitye.
The model was originally develcped by Sharpe (17), Lintner (1C) and
Mossin (13), from a suggestion made in some earlier work by Markowitz
(11) on the return from a portfolio of investments,

In analyzing projects, the rate of return for a project can be

compared to the rate of return for the firm demanced at the risk level

of the project. In 1976, Campbell (5) applied this methodology to the
non=-public firm; that is, those firms whose stock is not traded on a
stock exchange. llowever, his project selection criterion used only
point estimates because the methodology did not sample the future nvroject
returns., In order to make probability statements, it is necessary to
sample the project so that at a specified level of confidence, the pro-
ject can be compared to the firm or surrogate firm. It is the purpose

of this thesis to dévelop a statistical approach to the capital budget-
ing problem that will provide probability statements concerning the
"success" or "failure" of a project, in relation to the firm's goal of

maximizing corporate profits,



1.1 Problem

The problem to be investi ated by this thesis is how to make prob-
ability statemcnts concerning the firm's decision to accept or reject
~a project. The carital acset nricing model can be used as a resource
allocation method, and can be applied to privately--wned firms as well
as publicly-owmed companies, The czavital assct pricing model i1s the
basis for developing a selection criterion for ccmparing a prospective
investment-type project to the market determined cest of raising the
necessary capital, fhe method insures an incrcase in the expected net
present value of the firm, if the selection of projects-is made in gccord-
ance to the criterion., It is desirable to determine the probability dis-
tribution of the return criterion representing the project so that some
measure of the attendant risk can be made. Only by determining this dis-
tribution for the projeect can statements be made concerning the tossible
outcomes of this future project with respect to the firm. (herefore, the

examination of the concept of a statistical approach to the capital asset

pricinz model is the problem undertaken by this thesis,

1,2 Literature Survey

1.2,1 Jevelopment o the Capital Asset Pricinz Model., In 1952

Markowitz (11) developed an analytical method that explicitly took into
account the uncertainty that is associated with the future returns on a
portfolio of investments, This "risk" was mcasured by the variance (or
semivariance) of the return rate of a security, whicti also included a correl-
ational term to express the covariance of the securi-y's return rate with
the return rates of all possible pairs of securities in a portfolio,

Sharpe (17), Lintner (10) and Mossin (13) each :dcveloped a mathemat-

ical model, based on :arkowitz's theory, that relatcd the risk premium



required by a security to the risk premium required by the securities
market itself, Fama (6), in 1968, showed that all of these models were
essentially the same, and that a single capital asset model can be stated

in the form:

E;= Ry + By (Ey - Rp) | (1.1)
where

Ei = expected return on the ith security

Re = the "risk free" interest rate (assumed constant)

B; = volatility of security i

expected return of the market portfolio,

2

The volatility B;j is the ratio of the covariance of the ith security
and the market divided by the variance of the market portfolio. lhe mar-
ket portfolio is the portfolio which contains all of the securities that
are available for purchase. Thus, B; relates each security to the variance
of the market portfolio and thus establishes an appropriate measure of the
risk encountered by each security.

Rf is the "risk-free" rate of interest assumed to be a constant. A
more suitable term would be the "default free asset”. An investor can in-
vest capital at this rate of interest with virtually no risk of recsiving
a return on his investment any lower than the "risk-free' rate,

To date, there are two fundamental methodologies for evaluating invest-
ment opportunities, These are based on either deterministic or utili-
tarian assumptions. Both methods, being only mathematical models of a real
situation, are approximations and have limitations. However, some of the

more serious limitations can be overcame by capital asset pricing theory



and some basic assumptions. Jensen (8) has reviewsd the earlier works of
Markowitz (11), Sharpe (17), Lintner (10) and Mossin (13), and states that
the asset pricing model either explicitly or implicitly makes the follow-
ing general assumptions:
1. All investors arc single-period expected utility-of-terminal-,
wealth maximizers whe choose ameng alternctive nortfeiios on
the basis o the mean and standard deviation of return. This
means that there is no compounding of any factors involved.
2. All investors can borrow or lend an unlimited amount of wmoney
at a given risk-free rate of interest with no restrictiocns on

the short sales cof any assets.

3. 'All investors have identical subjective estimates of the means,
variances and covariancas of return among all assets.

4, All assets are perfectly divisible and perfectly liguid. That
is, any amount of an asset can be held and it camn be so0ld and
converted into mongy at wi ll.

5, There are no taxes.

6. All investors are orice takers. That is, there is no one
investor who can purchase enough of an asset or have enough
influence in the market to control or significantly affect

the price of an asset,

7. The quantities of all assets are assumed given.

The capital asset priecing thgory is based on the idea that an investor
holds or purchases a portfolio of investments. The portfolio is assumed
to have a random return rate, with Tinite mean and finite wvariance of the
random return rate, The return rate of the portfolio can be calculated

from the following exnression:

n
Rp =;—1X1Ri (1.2
where _
R_ = return of the portfolio (dollars)
R: = return of sccurity i (dollars)

X; = proportion of portfolio p held in seqrity i in terms
of dollar amount of total portfolio, _ % = 1,



The variance of the portfolio return is found by assuming that each
security is correlated with every other security in the portfolio. The

expression is

; a2

P (1.3)

"
L 1N
"

where
sz = variance of return rate of portfolio
n = number of securities in the portfelio
Xi = proportion held in security i
Xj = proportion held in security j
Pi,3= correlation of return rates of security
a. j= standard deviation of return rate of i & j.
H

Using the preference ordering (or utilitarian) aprroach for evalu-
ating investwent decisions, Bussey (3) showed that an individual's expected
utility function for money, based on the assumption that a person maximizes
expected utility instead of expected monetary value, is a series of concave

upward indifference curves, in which his utility increases as expected

return rate increases and the standard deviation of the return rate de-
creases., This is illustrated in Figure 1.1,

Using this principle a person who maximizes his expected utility
will choose among investment alternatives by always cheoosing the portfolio
that lies on the indifference curve having the greatest possible expectad

utility,
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E(U(X)) -

Increasing Utility

Ep = Expected Return Rate

cp = Std. Dev. of Return Rate

Figure 1.1. Typical decision maker's
indifference curves

An "efficient™ set of portfolios can be prescribed by recognizing
that each security in the portfolio is related to every other security
through the correlation coefficiznt. 3ince each security has its own
expected return rate and standard deviation of return rate, a security
can be represented on (Ep, Jb) coordinates by a single point., Two secur-
ities can be combined to form a portfolio. As the portfolio "mix™ of
securities is altered, the correlation coefficient between each sacurity
in the Ep - Ub coordinates will determine an infinite locus of points,

representing all feasible portfolios.

The efficient frontier is a line that represents the dominant,

or efficient, set of portfolios., Indifference curves,I;, Iz, I3, etc.,



can then be used to select the portfolio that will maximize an invest-
ors utility function, This set of indifference curves may vary from
individual to individual due to different individual utility functions,
The efficient frontier lies only between the horizontal and wvertical

tangents to the portfolio set boundary. (Figure (1.2)

Increasing Expected
Utility

Efficient Frontier

Expected Return Rate, Ep

Std. Dev. of Return Rate, 9%

Figure 1.2, Maximization of Investor's
Utility
The second major assumption underlying the capital asset pricing
model states that all investors can borrow or lend unlimited amounts of

money at a default free interest rate, denoted by Ree Fama (6) points



out that the combination of borrowing or lending mﬁqu,qt-RE}aud,on ~
arbitrary security A must lie along a straight line through R¢ and A,
as shown in Figure 1.3, {he accepted value of Rg lies between S & 67,
The interprctation of Ry is that at this rate, there is zero risk, or,
the.ﬂb = 0. This default free rate of interest is approximated by -short-
term U, S. Treasury bills (91 days). In Figure 1,3, X'is the proportion

of available funds invested in the risk-free security at Rg, and (1-X)

is the proportion invested in Security A.

e (X<0) i
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g o)
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© Rf !
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Std. Dev. of Return Rate, 9p

Fisure 1,3. Combination of any portfelio C
and the riskless asset



1,2.2 The Canital Market Line. Using the idea of the feasible

set of portfolios and the concept of borrowing and lending at the

risk-free rate of interest, the "eapital market line'" can be constructed

by drawing a line from the point (Rg,0) (op Epy Gb coordinates) to a

point that is tangent to the efficient frontier o portfolios. This point

of tangency describes an "optimal"™ portinlio of risky securitizsz. (See

Figure 1.4)

=

=2}

E, Expected heturn kate
o]

Indifference Curves

//
///

E(U(X))

Increases

\L-Efficient Frontier

M
0, Standard beviation of Return kLats

Figure 1.4. The Carital Mliarket Line
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This line, then, defines the optimal portfolio that all investors
will want to hold. The indifference curves for a particular invester
can now be placed on this graph to determine where his optimal investment
occurs at along the market line, consisting of portfolio "M" and borrowing.
or lending at the risk free rate Rpg. The main point here is that the
proportion of funds invested in the portfolio M, (¥X,), versus the pronor-
tion invested in the risklass asset Rg, (1 - XM),‘ig determined by eacﬁ
individual's indifference curve that is tangent to the capital market
line.

The equation of this linear wmarket line can be written as

where

k_= a proportionality constant, which ean be interpreted as
the premium required for incurring additional risk for a
finite variance portfolio; i.e., ocne having an assessable
risk J_ .
P
EN = expected return of the market portiolio
¢} x =

Oy = standard deviation or risk of the market portfolio.

This market line is an expression that sim-ly states that one exrects
the return of the market portfolio to increase as the market uncer-

tainty increases. The relationship was given by k , the slope. This
expression, however, fails to tell us anything abeut how the firw be-
haves with respect to its decisions concerning prespective invostment

projects. The firm does not invest in this "optinal" portfolid, On the
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contrary, the firm is interested in individual inwvestments and/or
individual portfolios.
- Sharpe (18) has shown that if a security j is combined with the market

- portfolio M, the trade-off between expected return and risk for small
chanzes in the amount of security j included in the varket nortfolio must
equal the trade-off in the capital market as a whole.

This can be done by equating the slope of the capital market line
and the curve joining the market portfelio if and the individual security
j (the shape of the curve is determined by the correlation coefficient
between security j and portfolio M).

Tue result is

2
where
Ej = Exonected return of the jth project
ch = Covariance betwesn the jth project and the market
Uﬁz = Variance of the market portLolio,

The left hand side of the expression is the expected risk premium (above
the risk-free rate) required for the jth security and the quantity

(Ey - Rg) is the expected risk premium of the market portfolio itself.

The term (Cjn / Oy?) is denoted by the symbol Pj ari is called the
"yolatility" of security j. ﬁj iz taken as the mea::te of risk for an
individual security as well as relating the individus! security’'s expected

risk premium to that of the market.

Substituting Bj into Equation (1.,4), we have

(Ej - Rf ) = pj (EM - Rf) (1.6)
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Equation (1.6) is called the "Capital Asset Pricing Model™.

The volatility of a security is an important concept in the
CAPM. The market return, Ry, is taken to be a random variablz with
mean Ey and variance Gﬁz. Therefore, the expected market risk premium,
Eyq - Rf, is also a random ;ariablc. If a’security has a Bj gareater than 1,
an increase in the random market risk premium will elicit an even greater
increase in the expected risk premium of the security. 3imilarly, a larger
decrease would occur in the expected return rate of the security in the
event of a decrease in the market rate,

Since in the actual econcay there are deviations away from tﬁis
market line, one can treat the problem statistically and analyze it by
the uée of regression techniques, The market line ean be estimated by

a time series regression of the form:

where
Rjt = random return on scc, j at time t
RMt = return rate on market portfolio M at time t
Re = the risk-free interest rate

= an unknown Intercept parameter

the volatility of security j with tk= market

w R
i

= normally distributed ra:dom error ter:z representing
the deviation away from the security iine,

m
o,
ot

The parameterrxj & ﬁj must be estimated. The expre:zsion can be out
in the form of a linear regression model and the paraometers
can be estimated by a linecar regression function bazcd on-the least-

squares method. This method gives point estimates o X & B for security j.
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R
If the correct value of Rg is chosen, the estimate o< should be

indistinguishable from zero. So, the capital asset pricing model is
empirically testable, and the parameters R & pj can be estimated by

the above technique,

1.2,3 The Capital Market Line and Capital Budgeting. A pro-

posed project selection eriterion using tihe capital market line would

compare the expected'ratg of return of the project to the expected rate

of return of the firm, The firm tends to establish its own market "line"

by the transactioans occurring in the stock market, This market-established
risk-return tradeoff line then becomes the selection criterion used to eval-.
uate future projects, (Figure 1.5) The market line is established by pass-

Ing a straight line through the points (Rg,0) and (ﬁ&, 55), on (E,J) axis,

The point (Ej’ 05) is established by trading in the £irm's own equity shares
in the market; that is, the point is the mean return rate and standard dev-
iation of the return rate of the firm itself, as established by the market.
Proposed investment projects, to be examined for acceptance by the firm,
have expected §alues (§;, @, Jlyinz above or bzlow the market line. Those
projects lyin: above the line would yield expected return rates greater
than the rate required by the firm's shareholders in order to increase the
value of the firm, Therefore the projects would be accépted. Projects
having values (§ﬁ, 0p) lying balow the line would yield expected return
rates less than those required by the firm's; sharehslders, and hence would
‘be rejected because they would fail to increase the value of the firm,

The firm would be indifferent to thqse projects which lie on the firm's

market line itself.
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il
[N

s,

Expected Return Hate, E
-y

7y

Std. Dev. of Return heste,

Figure 1.5. Combination of the firms own
asset gnd the riskless gsset.

Each project that the firm considers for accepﬁance has its own
"riskinz2ss". The market itself develobs a current risk level also.
The current risk level is representative of thé current pricing of
the firm's shares and its current and expected future diviéand policics.
As projects afe accepnted by the firm, the overall "riskiness'" and equity
price structure of the firm tends to be altered, thereby changing the
risk level of the firm, which alters the firm's market trade-off point.
Tuttle and Litzenberger (22) have proposed a method of risk adjustments
to achieve risk-equivalency of the proposed project and the fimm's resid-

ual return to equity. The purpose of this procedure is to leave the market
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+ price of the firm's shares unchanged. This approach utilizes the concept

of borrowinz or lending with equity capital to finance the candidate project.
As demonstrated in Figure 1.5, a project will be accepted if the slone
of its line through the point (R; , 0;) and the riskless asset point (Rg,0)

-
is greater than the slope of the firm's security line, The slopes of these

"lines can be calculated by the following equation

dRy; = (R - Rg )/ O} (1.7)

d Jg,

Vhere

d R, = rate of chanze of the return rate Rz with ressect

z to the level of risk Gé.

The slopes can now be compared and a decision rule for the firm can be

established. The resultinz criterion is:

Accept the project if (Rj - Re)/ 0; > (R, =R ) /T (1.8)

Reject otherwise,

These relationships are knowm as 'reward-to-variability' ratios
and were originally developed by Sharpe (18), In ordzr for a candidate
project to be accepted by the firm, its reward—to—variébility ratio must
be equal to or greater than the ratio tie firm' eurrently exhibits from
its existins projects.

Sharpe (18), however, questions the use of the rcwafd—to—variability
ratio as beinz the proper measure for evaluating a sinsle security or a

single project. He states:
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The rewnnl=to-variability ratio is desi~ned to meas:ire Lir
performance nt a portlolin, The investor is presumed to have
placed a substantial portion of his wealth in the nortlolio in
question, Variability 1s thus the relevant measure ol th2 amount
of risk actually bornz., To evaluate tie sertomaance of a single
security, or tihat of a portiolio caonstituitin® onlv part of an
investors haldings, a different measure iz nncded.  Varlability
will not adequately represent the risk actually boruc. A rore
approprinte choiece is volatility.

This, then, paved the way for the development of the reward-to-
volatility criterion, which was originated by Treynor (21) and 5u0-
sequently develaned Dy tossin (13). This criteriod is similar to tina
reward-to-variabiiity criterion, except that the velatility, B; replaces

ths standard deviation, 0:, in the denowminaztor. HNow, tne reward-ito-

1?

volatility criterion for project sclection can be stated as follows:

Accept the Project if Ei - B¢ R, = R
> (1.9)
Pi Bo

otherwise, reject the preject.
(The subscript "0" refers to the "present' kunown values for thz firm
and "i" represents the project under considaration by the firm).

This eriterion is derived from the equation eif the expected return

rate for an individual security (or project), given by the following
cquation: ]

Ri B Rf ) Eﬁ"_(_f;‘v LR (R] B ‘tf ) - Pi (Rjr"r_ - Hf) ' (1.10)

wvhere

P; = Cov (Ry, Ry)
B A

Y
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If we look at the expected market premium, (EM - BRg), as the (assumed)

knowvn multiplying factor, then the risk premium for the ith project is

a linear function of B;, or
By =g B KRy = Bp) ® By (1.11)

Note that B; is now the independent vari.ble, and that since (§H - Rf)
is an expected value, it is viewed as a constant. If Equation (1.1C) is
plotted on rectangular coordinates of (R = Re), B)y as in Figure 1.6,

the slope of the line is simply the constant (R - Rg), since the slope

is (ﬁl - Rf) / ﬁi = (EM - Rf)o

<]
é = 9 —
Fg_ ______________ - Bi F'M
B t P,
s Ll s f
xpn : I = constant
? |
3 |
|

33 |
gf | I
= | |

| I

! i

B0 By

Volatility, B

Figure 1.6. Reward - to - volatility Flot.
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The volatility of the market itself, Py, is the "basing point" for

comparisons involving (Rj, B;) points for investment projects. Noting
that the covariance of the market rate with itself is equal to

2 : .
Cov (Ry, Ry) = 0y , then By is

Cov (Ry, By) = & = 1.0 (1.12)

a2 a2

M M

Py

Therefore, when By = 1, the corresponding return rate is equal
to the expected market return rate.

The use of the reward-to- volatility as a project selection
criterion is supported by the fact that this criterion, when used to

select project, will result in an increase in the expected net cresent

value of the firm - this proof, originally given by Mossin (13), later

outlined by Rubenstein (16), and finally shown in detail by Dussey (@),
establishes the reward-to-volatility criterion as a bona-fide préject
selection criterion.

Without going into the mathematical details, the acceptance of a
"favorable" project will temporariiy throw the price of the firm's shares
on the market into a disequilibrium condition, which causes the fimm's
reward-to-volatility ordered pair ( (R, - Rg), By) to plot above the
market line indicated by Lquation (1.9). This incrzase in E(Ry) causes
individuals to demand more of the firm's shares, whit: causes the price
of the share to go up. Since the market tends to mowe toward equilibrium
after a disturbance, the E(RD) is reduced due to the increased price paid
for the firm's share. This, then, restores equilibriv=:, However, the
whole cause is the expected increase in net worth of :ae firm caused by

acceptance of the favorable project.
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So, according to this criterioﬁ, projects A &-B in Figure 1.7 should

- be accepted while project C should be rejected. However, this is not

always the case, as Bussey (4) has shown. Here, then, is the situation.
The mathematical derivation that the reward-to-volatility selection

criterion does increase the expected net present value of the firm, which

can be shown by the following equation.

E (Rj) - R > E (BRy) - Rp (1.12)

Bi

&=
@

+

s

i

E Market
=5 -

® B

: ° ¢

o Be

E

e

=1
ﬁu

Volatility, P

Figure 1.7. Rewerd - to - Volatility Plot for
the irojects A, B, and C.



This criterion was based on the initial assumption that the price -

of the firm's equity shares was in equilibrium with the market., It

has been demonstrated that generally the price of a single firm's sharcs

will stabilize in equilibrium so that the expected risk premium for

the firm (E (R_) - Rg), equalized for the firm's volatility, B,, does

not fall on the market line,

expected risk premium for the firm equalized for its volatility, should

fall on the market line.

equation developed earlier,

E(Rg) = R¢ + Cov (Ry, Ry

2
Uh

and upon substituting
Bo = Cov (Ro, RM)’

2
Gﬁ

we have:
E (Rq = Rf) =
Po
where
E(R)) - Rg =
Bo
E(RM) - Rf =

E (Ry) - Rf

This can be demonstrated as follous.

[

On= would expect, from the theory, that

and rearranging the terms,

From the

20

(1.18)

(1.13)

expected risk premium for the firm

expected return rate for the market above

the risk-free rate.
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An explanation of this phenomenon can be generated from the idea
that the individuals who purchase a firm's equity stock think the fim
will provide an expected return premium, E(Rg) - Rf, in relztion to the

firm's volatility, B_, greater or smaller than the market itself, and

o
will act accordinc to their belief. So, it is the usual case that the

firm itself will have an ordered pair (C(R,, By)) that does not lie on

the market line, This is shown in Figure 1.7 by the point "0", which
represents the market's historical evaluation of the firm's ability to
produce a higher expected rate of return than the market itself, Tigure

1,7 shows that the firm "O" has consistently outperformed the market, since

E - E (R =T .
(Ro) Re N ( M) Re (1.15)
Bo :

This being the case, firm "O" would not increase its current net
present value by the acceptance of project B, since it lies belew the
firm's historical market line R0, Both projects B & C should be re-

£ P

jected on this basis, while project A should be accepted because

E (RA) - Rf " E (P‘O) - Rf (1.17)
Ba Bo

Therefore, the proper selection critericn should be one Based on the

idea of improving the current net present value of the firm, which can be
done by accepting projects that will "out-perform' the firm's present
performance line, (E (R,) - Rg¢) / Boe  In conclusion, the proper selection

criterion to be used to evaluate the ith project is



The application of this project selection will, in fact, increase the

current expected werth of the firm. - 3

-

1.2.4 Desirability of Interval Istimates - As was pointed out

earlier in this text, the reward-to-volatility criterion for project
selection uses only point estimates in the decision-making process.
Bower and lessard (1) state that management, in general, desire a’
simple, intuitive measure to be used as a capital budgeting criteria.
The capital asset pricing theory satisfies this constraint, based on
its simplistic assumption of a linear relationship between risk and
expected return for individual securities or projects. However, by
using this eriterion, all that can be stated concerning the project

is that on the averace, it will perform as an investment in a manner
superior to the level of return commanded by the firm, from both their

past and present investments (an ex-post analysis). zince this method

only deals with the expected value of the return, the expectancy is that

50% of the time the wvalue will be higher tinan the point estimate, and
50% of the time the valuc will be lowcr. As Campbell (S) noints out,
this is only a survival eriterion fer the firmm. This gquestion, quite
simply, is "how confident can the firm be that the project will, in fact,
perform at a level superior to that of the firm?" This, then, demands
the exploration of a statistical model to answer this question, If the
firm wants to perform in a manner superior to the market, or in the

case of the private firm, to its competitors, with some depree of confi-

dence, a statistical model that generates interval estiiates must be used,

(1l.18

22
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The statistical model can -provide management with a tool with which
they can assess the "chances” of a candidate project being successful and
thereby increase the probability of an increased net present value of the
firme, The main advantage of the statistical model, however, is that prob-
ability statements can be made concerning the probability of accepting
not only cood projects, but also the probabilities of making wrong ‘e-
cisions, such as accepting a bad project or rejecting a good one., If
management can assess the relative costs of making these two types of
errors as well as recognizing the pessible gains from the firm's standpoint,
of the acceptance of a project, ﬁhey are then in a position to make a.
rational decision based on the facts. Of course, a certain degree of un-
certainty will still be involved in this process since the outcome of
future events cannot be predictead exactly. llowever, the statistical model
allows the firm to recognize explicitly the probability that the project
will or will not perform in a superior manner, as opposed to merely accevt-
ing or rejecting a project irnorant of the possible outcomes by using the

previous roward-to-volatility project selection criterion.

1.3 Thesis Organization

This thesis is composed of four chapters. This, the first chapter,
is the introducticn and contains the nurpose of the thesis, the problem
to be studied, and a brief survey of the more important literature con-
cernint the topic of capital asset pricing theory, i;s application to
capital budgeting, and the concept of using a statistical approach in
capital budgeting.

The second chapter applies the concept of statistical medeling to

the capital budgeting problem., The reward-to-volatility ratio of the -
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firm is discussed as being an ex-post performance measure from historical
data that resulis in a single point estimate, The projeet's reward-to-
volatility ratio can be described by the use of a preobability distribution,
by either derivin: the theoretical distribution of the reward-to-volatility
test statistic or by using the actual sample data and fittinc the empirical
distribution to a known distribution. Then, the mechanics of making nrﬁb-
abilify statements concerning the chances of success or failure of the
project are discussed as a managerial aid to the decision making process.

Chapter III applies this statistical methodolocy to the private firm,
The idea of a "surrogate' is revealed, which is a ccmbination of the pri-
vate firm's publicly owned competitors. The brewing industry was chosen
for this example. A simulation model of the project is desiﬁned and the
results shown for a sample size of 20, A Kolmognov-3mirnov goodness of
fit test is performed on the sample data and the distribution of the pro-
ject's reward-to-volatility ratio is ﬁypothesized. This distribution is
then compared to the point estimate_of the reward-to-volatility ratios for
the surrocate firm and three of the public firms that make up a portion of
the surrogate firm. The results of these compariseas, in the form of the
probébilities of the project being a "successful" or an "unsu cessful” pro-
ject, are discussed for cach firm,

The final chapter forms the conclusion of the thesis. The results are

examined and discussed and areas for possible further study are cited.



CHAPTER II

A STATISTICAL APPROACH TO PRAJHCY SELECTION

2,0 Introduction

As has been sugrgested earlier, the reward-to-velatility selection
criterion proposed by Sharpe (13) can be used by the firm to select
projects that will increase the net present value of the firm., This
ratio, as given by Zquatios (1.17), ncw becomes a test statistie tﬁ be
examinéd. The lasic idea inveolved in ﬁaking proﬁability sfatements
concerning two separate identities is that the probability distributions
of both must be known in order to make interval estimates, or establish
confidence intervals. The case of the project versus the firm, however,
does not meet this constraint in its entirety. The project return rate
can be sampled, via a simulation technique, and a resulting probability
distribution of the reward-to-volatility test statistic can be calculated
from these repcated samples. But, when the firm is considered, there is
only one sample to analyze - that being the historical performance of the
firm. This ex-post examination of the firm results in only a single point
estimate of the reward-to-volatility statistic used in the comparison be-
tween the firm and the project. Obviously, since only a sinzle point is
known, no probability distribution can be established. MHowever, some
statements of probability can be made from the comparison of a single

point to the probability distribution of the projeect, as we shall see later,
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2,1 Assumptions of The Statistical Approach

There are several points concerning the statistical approach of
the capital asset pricing model to capital budrseting that need to be
emphasized and highlighted. As mentioned in the introduction to this
chapter, the performance level of the firm is an ex-post performance
measure; that is, it is a measure based on the historical performance
of the firm with respect to the market. Since we cannot take more than
one sample of the historical performance of the firm for_tﬁe same periecd
of time, we are left with only one estimate of the firm's performance
level to work with.

The project's reward-to-volatility ratio, on the other hand,_is
an ex-ante estimate since we are sampling a futvre event. Typically,

a mathematical model would be built to simulate the likely occurance

of a project, with respect to the market, and then the model would be
repeatedly sawpled to obtain estimates of what the project's performance
level might be. A probability distribution of that expected performarce
level is one of thue desirahla ~roducts that results from the sampling
crocedure.

An important consideration here is the fact that althoush we
looked at the firm's performance level from a historical standpoint, we
must assume that the firm continues on into the future, or else there
would not be a necessity to evaliate candidate projects. How the firm
continues on in the future, however, is a matter of great importance.
For lack of better evidence, one must assume that the firm will perfora
at least at its prosent level or better if it follows the selection

criterion detailed in sectiom 1.2.3. The reasoning is as follows,
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If the firm's historical performance level is used as a base
for the acceptance of candidate projects (in accord with the reward-
to-volatility project selection criterion), the firm's expectad net
present value will at least remain stable. 1If this procedure is adhered
to, the firm's performance level will likewise remain at least stable.
At some time in the future, the firm's performance level can be re-evalu-
ated and up-dated, so to speak, in ordar to take into account the firm's
then ex-post performance level, due to its successful application of the
reward-to-volatility selection criterion. Generally speaking, therefore, .
the firm's e%—post evaluation of it$ performance level can be used to
judge the accentance of candidate projects for the coming yzar. Then,
the next year's nerformance criterion used by the firm will take into
account the previous year's performance based on the acceptance of
successful projects (i.e., projects where expected rate of return is

higher than that previously demanded by the firm at that level of risk),

2,2 Statistical Tecision Making

Very often in practice one is called upon to make decisions about
certain statistical pooulations on the basis of sample information.
Such decisions are callad "statistical decisions". In attemnting to
make such decisions, certain assumptions can be made about the nopulation
distributions which may or may not be true. Such assumptions are called
“statistical hypotheses" and these assumptions are the basis for waking
statistical tests of significance. Procedures wiich enable us to decide
whether to accept or reject hypotheses or to determine whe;her or not one
sanple distribution is statistically Jifferent from amother are called

"tosts of hynotheses™ or "tests of significance”, It is therefore the



goal of a statistical model tc be able to make such tests and to
supply a decision rule to the decision maker.

The statistical approach to project selection developed in this
thesis is one designed to test the hypothisis that the project's
reward-to-volatility level (a random variable) is statistically differ-
ent from the reward-to-volatility level of the firm, already established
from the historical performance of the firm with respect to the market.
This comparison of the project with the firm, howewver, camnot be made
with complete certainty. Any decision made as to the accentance or re-
jection of a project is subject to error. Herein lies the benefit of using
a statistical anproach to decision making. “hat are the inhereant errors
possible in any decision wmakin: process and how can they be estimated?

As has been sicgested earlier, the reward-to-volatility selzction
criterion can be used by the firm to select projects. The firm's revard-
to-volatility ratio was shown to be an ex-nost performance messure., T[here-
fore, only a single reward-to-wvolatility ratio representing the Eirm can be
used in the selection criterion, This ratio is an expectatlon obtained
from a regression analysis, which is discussed in Cetail in section 2.3.
This single, point estimate nceds to be considered as a constant. “There
is no probability diétribution associated writh the firm's re.ard-to-
volatility because of the single sanmple,

In the case of the project, howevar, repcated samples of the nroject's
return rate can be taken, and a probability distribution of the reward-to-
volatility test statistic can be arrived at.

The project can now be compared to the firm, in accordance to the
reward-to-volatility selection criterion propesed by Charpe (13). The

statistical testing method developed in this thesis uses the sin:le point
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estimate of the firm's reward-to-volatility ratio as a constant criterion
against which the project's reward-to-volatility probnbilify distribution
is compared to. It should be noted that the project's reward-to-volatility
ratio is a random variable and has a definite probability distribution with
a mean and variance, while the firm's reward-to-volafility rn;io is not a
random variable,

The results of this type of comparison (a point estimate to a probab-
ility distribution) enables certain nrobability statements to be made.
Fisure 2.1 shows a typical example of this type of comparison. The prob-
ability distribution, representing the projects reward-to-volatility ratio,
is distributed with a mean of A and a standard deviation of 07 . The single
point, representin:s the firm's expectation of its reward-to-vola:ility ratio,

is denoted as B,

—~Density Functicn of the

7 Froject's Reward-to-Vol-

atility katic.

Expected Vslue of the
Reward-to-Volztility
Katio for the Firm.

©

-]]
>

Reward-to-Volatility hatio

Figure 2.1. Conmparison of the Frobability pistrituticn
A and the roint B.
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It can now be easily seen that the probability of the rewvard-to-
volatility ratio of the project excceding the constant valuec of the
_reward-to-volatility ratio of the firm is given by the area under the -
density funtion curve to the right of B. This area is denotad by the
symbol (). Similarly, the probability that the project's reward-to-
volatility ratio does not exceed the established value of the firus
reward-to-volatility ratio is the area under the curve to the left
of the point g, which 1s denoted by the symbol &.
The ability to make these probability statements concerning the chances
that the project's return rate may or may not exceed the level dewanded
by the firm is an important tool in the project seclection process. 4
decision maker is now in a better position to choose the projects that:

are the most likely to improve the financial nosition of the firm,

2.3 The firm's Reward-To-Volatility Function

The basis of the firm's project selection criterion is its histori-
cally established reward-to-wvolatility ratio., The reward-to-volatility
criterion stems from a single variable model, called the Sharpe-Lintner
model, In the case of the firm, the firm's expected return rats is
compared to the return rate displayed by the market for any -iven neriod,

as shown in fZquation (1,5). This relaticnship is

(E0 - Rf) = Bo (EH - Rf) _ (2.1)
where
(EO - Rf) = expected risk premium (above the risk-free rate
for the firm
(EM i Rf) = expected risk premium of the market itself

voIatility of the jth project, security.

Bo



The market return rate, R, is taken to be a randon variable
with mean EMand sfandard deviation Gh. lience, EM - Rf, the market
risk premium, is also a random variable,

Equation (2.1), the equation for the firm's market line, is un-
fortunately never observable because of the deviations away from the
market line that occur in actuality. Using regression téchniques,
however, relationship can still be inferred. This procedure was mention-
ed briefly in Section 1.2.2, but will be presented in detail here.

The volatility, Py, can be estimated from the relationship of the

return of the firm, Ry, and the market raturn Rye Bo can be estimated

if
1. both R,y and &, are assumed to be bivariate randem variables
with finite means and variances and are correlated with a
covariance Cny,. The returns occur in 2 time series t = 1,2.0.0n
with observable values Ry, and Ry,
2. the nature of the correlative relationship can be examined
using regression techniques and taking Rppas bein: conditisnal_
ly distributed upon fixed values of Ry, .
If this is done, Zquation (2.1) can be esti:ated by a time-scries
regression.
(Rgp =~ Rg) =%y + Bg (- Red+ € . (223
where
ROt = random return on the firm at time t
RMt = return rate of the market portfolio M at time t
Rf = the risk-free rate of interest
& = an unknown intercept parameter
BO = an unknown proportionality factor (volatility of the firm

with respect to the market)

31
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E;Ot = normally distributed random error term representing

the deviation away from the firm's market line.

By assumption,é.ot, the random error tcrm, has the following

three properties:
1, E (EOt) =0

2. Cleg,+€5 ¢ 4

) = 0: i.e., therc is no timewise correlation
’ ?

between error terwms

3. for two securites, i and j,

c (e

i€t ) = 0.

The third property is basead on the assumotion by Markowitz (11)

that the covariance batween two securitiss is zero.

The covariznce 1is

assumed to exist only betweszn each security {(or £imm) and the market.

letting

- R

= Rot

Rore
0l By ® By = g

Royre =% * Po Ryee *€ot

where
R = random return rzte

for period t

rate for period t.

Bquation (2,3) is a linear regression model wit.

return rate on the market orotfoli=-

in (2,2), then

(2.3)

the firin abz=a the risk frec rate

1 3bove the risk free

parameters X, &,

Since these parameters are not directly observable, -hey must be estirated.

This regression medel can be estimated by a linear --rression function,

using the least squares method,

A ~ A
Rgr = * By Ry’

hY

The estimate of (2. is

(2.4)
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A ~A A
where Ry, X3 and B, are estimates of the corresponding parameters,
In (2.3) this method gives point estimates of &< & 4 for the firm "0",

using the normal equations. These estimates are

2
Bo = (S (Ryep = Ey) (Rgey = Eged V/S(Rysy = By (2.5)
and
X, = (2.6)
X = Egr = Po By =

Thercfore, the point estimate of the firm's reward-to-volatility
ratio can now be calculated using the expected wvalue of the firm's return
rate above the risk-free rate and the estimate of the wvolatility of the

firm supplied from the regression analysis,

2.4 The Project Reward-To-Veclatility Distribution

As discussed in previous sections, the ectimation of the project reward-
to-volatility distribution is conceived of as an ex-ante estimation, There-
fore, we can "sample" future projects and estimate the probability distri -
bution for the project selection criterion by two separate aporoaches,
both of which will be discussed here, One method deals with the thecretical

derivation of the probability distribution of the reward-to-volatility

ratio while the other method uses an empirical approach based on the data

accumulated by the sawmpling procedure.

The method which utilizes the empirical approach to discover the
project's reward-to-volatility distribution sesms to be the easier of
the two methods. Basically, there are two problems that should be considered
when a sampling procedure is used. The sampling procedure must be desipgned
and conducted so that the extracted samples are representativwe of the popu-
lation being studied, and then, having studied the samples, the investigation

must be able to make correct inferences about the population.
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Using the data gathered from the samples, Hogz (7) states that
an empirical distribution can bz fitted to these data points by a variety
of statistical tests, such as the Chi-square test, the Kolmogrov-Smirnov
test and David's Empty cell test. All of these tests are goodness-of-fit
tests and require that the hypothesized distributions of the sampled
population be completely specified prior to the testing. Theref.re, after
the samples are taken, a distribution can often be fitted to the data. an
important point should be made here concerning the fitting of these sample
points to a probability distribution. If a goodness of fit test is ner-
formed, all that can be stated is that, at a given level of significance,
the distribution of the sample points can (or cannot}) be distinguishad
from the hypothesized distribution. It doesn't mean that if the test is
successful that the sample is distributed according to the hypothesized
probability distribution., This point should always be kept in mind when

dealing with empirical distributions,.

Q
=

I the goodness of fit tests mentioned, the K-3 test is superior to
the Chi-square test in the following ways. The K-S tests uses unzirouped
data and every observation represents a point at which “goodness of Eit"
is examined. On the other hand, the Chi-square test loses this information
(if the hypothesized distribution is continuous) because of a requirement
that data be grouped into cells. The K-35 test requires only relatively
modest assumptions such as that sampling be random and that the sampled
population be continuous, Qhereas the Chi-square test'assumes, among

other things, conditions that can be completely fulfilled only when the
sample size is infinite. 3o, the exact distributien of K (test statistic)
for the K-S test is known and tabled for small sample sizes, whereas the

Chi-square test statistic is known and tabled only for large sized samples.
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Therefore, the Chi-square t2st is only an approximate test while the
K=-3 test is an ex&ct test. _The David's Cmpty Cell Test can be considered
as an alternative to the K-S test, The K-S test is used more often because
of its simplicity and its characteristics of producing an exact and powerful
test.

In this manner, the empirical approach can be used to pive an estimate
of useable probability distribution. From the distribution, then, the
point estimate of the reward-to-volatility for the firm can be compared to the
projects reward-to-volatility probability distribution.

The other approach that can be taken to derive information about the
project's reward-to-volatility probability distribution is the theoretical
development of a test statistic from the capital asset pricing modzl. Re-

calling from Equation (1.17) that the project will be accepted if

E(Ry) - R E (Rg) - Rg

b Y , (2.7)
Pi Bo
where
Ri = random return on project i,
RO = random return on the firm "O",
Rf = a constant risk free rate of interest,

.= imated sl £ i R. ;
pl estimated slope of the regression of R1 on QM :

PO = estimated slope of the regression of ﬁé on RM i

We can make certain statements about this criterion. “e kn.ow, for example,
that the variables E (R;) and E (Ry) are independent and n rmally distri-
buted variables because of the central limit thesrem concernins expected

values. The central limit theorem states that the samplini distribution



of means is ap-roximately a normal distribution, irrespective of the popu-
lation sampled, provided that the population mean and variance are finite
and the population size is "large" (e.g.., at least twice the sample size).
In fact, the gencral form of the central limit theorem shows that the
accuracy of the approximation improves as the sample size becores larger.
(approaches infinitely large size). This is sometimes indicated by saying

that the sampling distribution is asymptotically normal.

- ko A -
The two estimated parameters Bj and B, are results of the regression
analysis of the return rates of the project and the firm with resnect
A
to the return on the market., The statistic B, in general is a linear

function of the independent random variable 21, RyosRMps and has a

normal distribution with mean derived as follows:

“ _—
E@ =X ® -R E®,)

i=1 (2.2)
n _2
> (r; - B
i=1
substitutine into Equation (2.8) an expression for E (RMi) we have
n
= 2. = R) (¢ Ry = R
E@ = > @ -R) (%+B @ - -
i=1
T
= T
ZL(Ri - R)
i=1
where
&, B = constants from the regression analysis.
simplifying the expression we have )
& X o £is 2
E()= Oy (Rjy -R) +p) (R; = R)
i=1 i=1 (2,1C)
L 2
Z (R;= R)

i=1
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the variance is

M2

a = Bs w B
p? iudl| > ' a ? . (2.11)
i (R; -R) RM
=] |
2
= a
(R - Ry 2
i=1

Now, the random reward-to-volatility ratio can be exprissed as the
ratio of two random-normal variates, The ratio of two such variates

is distributed Cauchy (7) with a probability density function

51(‘31) 1 s ( -o0<e 20 ) (2,12
am (1+ c1‘ )

The Cauchy distribution 1s actually the ratio of two standardized
random normal variates, i.e., the two normals zre both distributed with a
mean equal to zero and a variance equal to one,

Therefore, to determine the Cauchv form of the exact distribution
of the reward-to-veolatility ratio for the preject, a transformation of
variables must be made in order te standardize the ratio, The trans-

formation can be made as follows:

Let

N
[N
1

Ri- Rf

Then E{Z;) E (R;) = Rg,

and the variance of the wariable Zi is:

v (Zi) =V (R]. - Rf)
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But, since R; and R; are independent and V (R¢) = 0 (R = constant),

we have

v (Zi) =V (Ri) (2.14)

or, the corresponding standard deviation

o
a .= (v (Rl))'l = GE{

Z1i i

However, what is needed is the standard deviation of the distribution of

sample means and this is related to the population standard deviation by

0z; = Ogi = Op -

where Oz 1is the variance of a sample distribution of means,

At this point, a peculiar property of the Cauchy distribution forces
a slight ckange in the test statistiec. The Cauchy distributicn does not
have a mean or a wvariance (or any other hicher moments). The reason for
this is the fact that the Cauchy distribution has characteristic function,
and therefore no mement generating function. (The mement senerating function
for a distribution is unique and comnletely determines the distribution of
the randem variable). For any moment, (i), i=o,1,,...n, the moment gen-
erating function exist; i.e., as an expanded series, it must converge to a
finite value in order for it te exist, Tn the case of the Cauchy «distribution,
the moment generating function doecs not converge €or any value of M(i), i=0,1,2, ..m,
(i.e., it is an indeterminent series,)

S0, in order to use the Cauchy distribution, the "awerace' of the data
points examined is used in order to standardize the variable.

Therefore, the test statistic becomes
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E (20 = 2¢ 4034 (2.16)
where
E(Zi) = E (Ri) - Re
Ei = "average" of the variable R, - Ry

s
1

= variance of the variable Ri - Rf.

This statistic (Equation (2.1o) ) is distributed normally with a mean of
zero and a variance of 1.

Substituting the actual variables into (2.16) we have

E (Ri) - R = (Ri - Rf) = E (Ri) - R;
(2.17)
Ti Qi
Ve =

This ratio is also distributed normally with a mean of zero and a
variance of one.

This takes care of the standardization of the numerator of the
revard-to-volatility ratio expresczed in Equation (2.7)

A similar procedure can be used to show that

B; - B; / 05y (2.18)

il

is also distributed normally with a mean of zero aund a variance of one.
Now, let Q; equal the right hand side of Equation (2.17) and Bj equal
the right hand side of Equation (2.18). e now have the ratio of two
standardized normal deviates,

.= (E(R.) -R,) /0. /\~
i i R1 (2.19)

mlvo
e

B; - By / 055



The variable C; is now distributed Cauchy and can be described by

the probability density function given in Eq:ation (2.12).
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CHAPTER III
CAPTTAL BUDGETING F(Tt TiIE PRIVATE FIRM

AN APPLICATION

3.0 Introduction

A statistical mcdel using the reward-to-volatility ratio can be
used by publicly held firms for use in capital budgeting decisions,.
However, since this ratio and the resuliing prebability distributicn
requires a relationship between the return of the firm and the rarket,
this selection criterion cannot be used directly for many orivately
owned and financed firms that operate in the industrial secter, The
concept of volatility with the market for a private f£irm is meaningless,
since there is no market for the firm's stock. Campbell (5) developad
a method by which the private firmm could indirectly apnly this project
selection criterion to its candidate projects. Campbell (5) oripinatad
the concept of the "surrogate'" firm in order to use such a sslection nro-
cedure, However, his methodoloz: for selectin: projects in the reward-to-
volatility criterion used only point estimates of both the f£irm and the
project's reward-to-voleatility ratio. This, then, was a point wvalus nodel
of the capital asset pricing model. t was therefore incapable of making,
probability statements concerning the likely outcome of a project's return
rate as compared to the firm's return rate., This thesis is an cxpansion
of this previous work in an attempt to develop a statistical model that will
generate probability statements concerning the project's return rate. This

chapter presents an applicat on of a statistical maiel and project selection
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methodology presented in Chapter II. The example will be earried alons as

each step of the methodology is illustrated.

3.1 The Surrccate Firm

There are many privately owned firms in competition with publicly
ovmed firms in today's economy. No matter what type of industry is in-‘
volved, one measure of the success of a firn would be the comparison
of that firm with its competitors. If the firm has a higher return rate
on its investments than its competitors, it is reasonable to assumne that
the firm is performing well in its investment decision making. “hus, an
"average" of the competing, publicly owned firm could be calculated and
used as a comparative standard. This awrage, tnen, could serve as a
"surrogate" or pseudo firm, against which the private firm could be com-
pared. The private firm can now evaluate all the ecandidate investwment
alternatives against a security line cocnstructed from the surrogate
firm. The project selection criterion (reward-to-vclatility) developed
earlier could then be used to select the candidate projects that will
improve the private firm's positicn with respect teo its competitors.

The weighted averase of the returns of selected individual public

firms can be calculated as follows:

R, =5 X. R, (3.1)

0 J]
where xj is the proportion investment in firm j usianz the net worth of

the firm as the weiphting factor, X Thus, the larger firms be weirhted

j.
greater than the smaller firms, acknowledging their ifmportance in that

industry. Since the return of the surrogate is giwven by FEquation (2.1),

these valucs could be used in a time series regressiom model, such as the

one developed in Chapter II. The estimates of Ry, Emiﬁ()could be then used

42
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to find the point estimate of the historical performance level of the
surrogate.

The use of the "surrogate'" concepnt cannot be considered as a
generally applicable concept. For example, in industries which are
dominated by conglomerate firms, which are diversified in several or
many different industries, t e concept of a surrogate firm is unrealistic,
The return of the surrosate would be distorted by the return of divisions
of those firms whose product or service 1s unrelated te the industry for
which the surrogate is being developed., Other requirements necessary to
keep the example simple for illustrative purposes while still exhibiting
characteristics of the actual industrial economy were requiring that the
selectad industry have between five and twenty firms and that these firms
be easily identifiable and familiar to the general public, Campbell (5)
selected the brewing industry and this thesis will use this examnle to
develop the statistical model, which is an expansion from Campbell's .

The Standard Industrial Classification (S.I,.C.) Manual (23)
categorizes types of industry by function, giving each particular category .
a unique :-.I.C. number. Thus "2082" is the S.I.73. number for Malt Deverares.
Standard © PYoor's publishes a list of corporations by 3.1.C. number. Irom
this list, the publicly held firms with listing on the NewYork and American
stock exchances or "over-the-counter'" price information were selected,.
These six firms are Anheuser-lusch, Carling O'Keefe Ltd., Falstaff irewing,
Pabst Nrewing, F & M Schaefer, and Joseph Schlitz Prewing. <Closing prices,
dividends paid, and net worth for the years 1961-1975 were obtained usiug
issues of the Wall Street Journal and Value Line (2%)., For the market,
Standard & Poor's 500 Composite Index was seleccted ..s the indicator of

market return, ‘This index is a composite of 500 common stocks traded



on the New York Exchange, The dividend yield of the market was obtained
from variocus issues of the Federal Reserve Dulletin,
The return rate for each of the breweries was then calculated

according to the following relationship:

P - ’ .
I T (3.2)

~
e
/]

where

return rate for security 1 for year t

=
{]

closing price for security i at year t (dollars)

.u .
"

closing price for security i at year t-1 (dollars)

o
n

dollar amounts of dividends paid by firm during year t.

o
n

These returns were weighted by net worth and summed using Equation (3.1)

to obtain a surrogate return of the brewing iadustry.

The return of the market for each year was calculated in a similar

manner:

R,y = (P -P ) /P + (D/Py)+ (P /Py_q) (3.3)
where

R, = return rate for the market for year t

Pt = closing market price (relative) of Standard ™ Poor's

500 Composite Index at year t
P .= closing market price (relative) of Standard % Pcor's
500 Composite Index at year t-1
Dt/Pt = current dividend-to-price ratio for the rarket at close

of year t.
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The results of this calculation are shown in Table 3.,1. The raw
data used in obtaining these results can be found in the Appendix,

Using the information from Table 3.1, the linear regression analysis
developed in Chapter II was performed., The market premium (Ry - %) is
the independent variable, with the surrogate security premium (R4 - Rg)
the dependent variable of tﬁe analysis. The analysis was performed using
the computer system, AARDVARK, developed by the Statisties Separtoent
at K.S.U. (9). The results of the regression analysis are found in
Table 3,2, The risk-free rate of return was assumed to be 5% in this
analysis,

Therefore, from Table 3.2, the point estimate of the reward-to-

volatility for the surrogate is:

E (Ro) - Rf = .08122 - .057 (3.4)

Bo 1,425

3.2 Modeling The Project

When evaluating candidate projects for acceptance by the firm,
cash £low streams are one of the wain facters to be considered. It is
generally recognized that probabilistie cash flow formulations give more
insight into tite problems of project evaluation than does the deterministic
approach. Bussey (4) examines some of the additiocmal prcblems that may be
enpountered in probabilistic formations of cash flwr streams. lhese prob-
lems are mainly concerned with independence, cross-correlation, and auto-
correlation of the individual cash flow elements bet cen projects., The
capital assct pricing model, however, does not atte-.-t to c-mpare one
project to another project. The comparison is made :otween the firm or
surrogate and the project, with the firm always hav.:n the option not

to invest in any project if such a project does not =rovide a return
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TABLE 3

'2

RESULTS OF REGRESSION AMALYSIS USING AARDVARK SUBROUTINE

Variable Mean Std. Dev, Parameter Fstimate Std., ev,
Rp - B¢ 8.122 29.818 Alpha 3.900 'u.252
Ry - Rf 2,965 17.814 Beta 1.425 0243
ANALYSIS OF VARIANCE
DF  Sumr of Squares_ Mean Squares b
Total (Uncorrected) 15 13,437,143
Corrections:
Mean 1 989,503 989,503
Total (Corrected) - 14 12,447,640 889,117
Tue to Regression 1 9,023,363 9,023,363 34,256
Deviations from Regression 13 3,424,277 263,406
r2 = 7249
r = 8514
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rate on investment. high enourh to satisfy the firm. Therefore, these
additional problems will not alter the approach to project sclection
that has been develeped earlier, and the model of the project can use
cash flow streams as an indicator of the project's return rate for any
particular period.

A convenient form of the cash flow element for any period t is

given by the following:

Y, = [G.I.t-O.Et-Dt:l [1..1::} + D ' (3.5)
where
Y, = Net cash flow increment for period t (dollars)
GeIley, = Gross Income from sales, for period t (dollars)
O.E., = Operating expences for the period t (dollars)
Dy = Depreciation expense for period t (dellars)
t = Effective tax rate,

There are certain assumptions that will be made with respect to this
model, ‘The initial investment, the life of the project and the salvage
value of the assets are a2ll assuwed to bpe known with certainty. 1In rezlity,
of course, these variables would not be known with absclute certaintv.
However, for demonstrative purposes, these assumnptions will be made in
order to simplify the building of the model, These :ssﬁmptions should
be recognized, but are not, however, severe limitatiors to the model.

These three varinbles can vsnally be estimated quits ac:urately,_relative
to the estimation of the sales or the operating exnensas, for exanmple.
In order for the sampling of the futuras sroject to b completelv a random

sample, ex ante distributions for each of these varizzles would need to.
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be established and then sampled randomly. This could be done via a
simuiation procedure. In effect, the assigning of values to these
three variables, coupled with an assumption of a straizht-line depreci-
ation me:hod (for example), establishaes the value of the depreciation
expense ner period, Therefore, the depreciation expense per neriod was
the same for all the samples of the nroject. Also, the tax rate was assumed
to be 507, which is a simplifying but reasonabls assumption,
One of the major pnroblems faecing the firm when an attempt is made
to analyzé a future project i1s the accurate prediction of the future
income generated by the sales of the project. The ?rediction of a
future event is often based on the occurrences of the past. The key
question here is how accurately can past data be used to predict the future,
One method of predicting, or Eorecasting the value of a future occurrence
based on its past performance, is throuzh time series analysis., The class
of forecasting techniques that depend only on past history are classified
as ad hoc forecasting formulas., These types of formulas look atra series
of observations of a variable at t= 1,2,3.... and attempt to develop a
mathematical model that will satisfactorily predict what tihe value of the
variable will be at some time t, - This kind of model is referred to as a

stochastic process model, since it depends upon the nrocess becomino

"staticnary™ in time so that satisfactory predictions can be nalde.

To use time series analysis for forecasting purposas, 1t 1s necessary
for the firm to be able to establish a mathematical expression that will
accurately predict the sales of the project. This task might be the most
difficult problem faced by the firm. Jften sales models nredict the sales
of a firm based on certain predicted levels of several commonly known

economic indicators. It is, however, not the purpose of this thesis to
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explain the methodolory of arriving at such an expression. Tor our
purpose, it is sufficient to assume that the firm can establish its
own predictive sales {(or income) equation f£or a project under consider-
ation,

For demonstratién purposes, a sal2s equati-n was formulated using
three exdosanous wvariables that have élready becn sfudied and an
appropriate mathematical time-series model estiblished (iee Relson (13),

pp 202). The model is an "Auto Resressive Integrated i:ovinc=-Average"

process (ARTMA) for a time series, HNelson states that many output measures,
such as sales of a firm or gross natiomnal product, tend to display randem
behavior, such as is found in an ARTMA model, These types of series can
be analyzed by looking at the differences in successive values of the
series; that is, the successive incremental changes in the seriss sonsti-es
become stationary. Thus a medel of a '"non-staticnary' time series can be
formulated by obserwving that the tive series of differsaces is stationary
time-wise,

Three exdogenous variables were chosen to se used in the equation
to predict the sales for the project. The variables were the expendituras

1 -

on producer's structures, non-farm inventory 'investment asl housing ex-
pendizures, These three models were choesen from a list of fourteen AITNA
models listed in Helson (14), because they are natiomally recognized econ-
omic indiecators and their historical data appear im sevefal of the l.ading
statistical reports published on the economy, The ARTIMA models for thase

three variables are Nelsons Equations 3.6, 3.7, and 3.8 and are:

Expenditures on Producer’'s Structure:

Z =72 + ,303 (Zt - ) + ,216 (% 5 = 2 )

t - “t-1 L™ "2 t=2 T “t-3
(3.6)
+ 2297 (2, 4 -2 ,) - G442 (4, -2, )

+ G159 + i,
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Non-farm Inventory Investment:

B = w301 B 5+l ¥ SO0LIH, | (3.7)

* JTU24L, 5 + 1.69

Housing Uxpenditures:

+ .639 (Z -z

tal ~ Zgop) * o076 (3 5 - Z 4)

(3.8)

where

Z, = observed value of the time series At time t
Ut = "disturbance', or error term, associated with each

respective variable,
Using these three models, the salzs for the project were calculated
by the following equation, using arbitrary fractional weights of 2,2,

0.4, and 0.4:

+ ux (3.9)

+ JUX 1t

5, = .2X

2t

where

9]
[}

sales for period t (dollars)

xlt = observad value of the time sari:s at time t for the

variable '"non-farm Inventory investment"

X2t = obsarved value of the time scries at time t for the

variable expenditures on predueer's structures"

X3t = observed value of the three scries at tirme t for the

variable "Housins DIxpenditures'.



52

Separate computer routines were written to sample Equation (3.9)
for 100 periods. The sales equation was then used to calculate the
sales for the project. 3Since each of the models had an associated
random error term, the meaan sales value, E(St) =l , for the project
was also a random variable, Sales were generated twenty different
times, which resulted in a random sample of sales figures for the
project., A linear regression analysis was formed to determine if these
sets of sales figures were correlated with the return on the market., The
tests indicated that the sales were independent of the return on the market,
As was noted in Chapter I, in order to use the capital asset pricing
model, the expected return on a security or for a firm must haQe some
relationship to the return on the market. This is what "ties” the firm
and the project to the overall activity of the economy.
It was decided that the operating expenses for the project were
the factors that would be the most likely ones to exhibit a relationship
with the market, Tt was assumed that as the random market rate éf Teturn
increased, the expenses of the firm would deacrease, due to the favorable
general economic condition signified by the market. Conversely, if the
market return rate fell during a given neriod, them it was assumed that
the change in the economic condition would force the expenses of the
project up. (It should be emphasized that this is merely an assumption
made by this model for demoustration purposes only. The?e are many factors
that influence expenses and sales, for that matter, to the projeact. The
purpose of this thesis is to demonstrate a methodsclogy; it is not intended
to explore the interrelations of economic factors that affect the project).
The operating expenses for the project were assumed to be given by

the following autoregressive expressions
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0.Eep = DeEey 7 = 25 (RMt - Ryp_p? + 1.6 _ (3.10)
where

D.Et = operating expenses at the end of period t ($ x 1000)

O'Et-l = operating expensas at the end of period t-1 ($ x 1000)

Ry = return on the market at end of period t

Ryg_1 = return on the market at end oﬁ period t-1,

The constants were added to the expression in order Eor the
resulting project rate of return to be approximately those that
would be found in the industrial sector today. The initial value
for the operating expenses (at time t=0) was randomly chosen around
a mean value of $30,000 in order to simulate the warying expense
patterns that the project might face. The model for the project now
has a random set of sales and a correlated expense stream that ties
the projects rate of return to that of the market,

As mentioned earlier, the initial investment, the life of ﬁhe
ptoject, the salvage value of the assets and the tax rate werc assumed
to be constant for each sample of the project. The initial investment
for the project was set at 520,000, the life of the project was set at
15 years, the salvage value of the project was set at $5,000 zn. the
tax ratc faced by the project was szt at 507, The depreciation method
chosen for use in the project was the straicht line dep?eciation method,

which is given by:
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where

D, = depreciation at the end of period t (dollars/year)

-
]

o = initial investment in the project (dollars)

salvage value at the end of the life of the project (dollars)

[72]
n

N = life of the project (years).

Using Equation (3.11), the depreciation per year for the project
was equal to $1,000. 3Since all the factors were the same for each
sample, the same depreciation expense was used for the calculation of-
all the sampled projects cash flow streams.

The returﬁ rate for the project for each period is a function of
the cash £low Y, and the current investment level I, that the firm has
in the project. The cash in-flow for each period can be considered as
a "dividend” to the firm from the orcject. The %nvestment level of the
firm changes each neriod as the amount of depreciation is accounted for.
The derreciation expense reduces the taxable income of the firm, which
reduces the taxes payable by tne firm. This, then, acts as a benefit to
the firm from the project. Therefore, the amount of capital invested in
the project is reduced each period by the amount of the depreciation that
the firm is legally able to "write off". 30, in order to be consistent,
the return rate for the project should be the ratio of the dividends re-
ceived in period t to the amount invested in the project at the becinning
of the previous period, The return rate for the project is thus given by

the following expression:

Rip = Yie/Tea _ (8.1
where

R;y = return on the ith project at the end of peried t

Y., = cash flow for the ith project at the end of period t

it
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It-l = investment level for the ith nroject at the end of
period t-1 (which is equal to the investment level at

the beginninz of period t).

Recalliny that the cash flow can be caleculated by iquation (3.4),
the return on the project for each year was then calculated for the
life of the project., Table 3.3 is an example of how the return rates were
calculated for one of the samples of the project.

The sampliny procedure produced twenty sets of possible return rates
for the projoct. Using these data, the linear regression analysis dewv-
eloped in Chapter II was performed, similar to the one performed on the-
‘surrogate firm in Section (3:1l) and described‘in.detail in Chapfe; L1,

The market premium (Ry - Rg) is the independant variable and.the project's

premivm (R; - Rp) is the dependent variable of the analysis. Table 3.4

presents the results of these regression analyses of the twenty samples.
The reward-to-volatility ratio is also calculated for each sanple shown

in the table,

3.3 Statistical ‘nalysis of The Project Reward-To-Volatility Jistribution

From the resilts in Table 3.4, an assumed distribution can be fitted
to the twenty sample points of the reward-to-volatility ratio. rhe fit
of the sssumed distribution can be tested by the use of the Kolmogrov-
Smirnov goodness of fit test., In order to use this test, a completely ‘
specified theoretical distribution must be chosen to test the sample
points against., It was shown earlier that the theoretical distribution
of the reward-to-volatility test statistic is a Cauchy distribution.

The shape of the density function of the Cauchy distribution is very

similar to the shape of the density function of the Normal distribution.
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TABLE 3.3

RETURN RATE OF TIHE PRAOJECT FOR SAMPLE NO, 6

TIME SALES OPERATING DEPREGTATION PROFIT PROFIT CASH FLOW  TTERATION
EXPLENSES Dt AFTER TAXUS Yt It-l Ri Ri - Rf

1 40,43 30,50 1.0 8493 4,u7 5447 20 027 P
2 46,18 40,98 1.0 4,20 2.10 3.10 19 .16 ‘ "
3 45,23 34,83 1.0 9.40 L,70 5.70 18 «32 27
4 45,71 37.98 1.0 6,73 3,37 14437 17 26 021
5 47,03 40,58 1.0 5.45 - 35 b 3,73 16 «23 .18
6 u8,62 47,78 1.0 -.16 -.08 .92 15 .06 .01
7 54,29 40.93 1.0 12,36 6.18 7.18 14 +51 o46
8 52.16 45,43 1.0 5473 . 2.87 3.57 13 ‘ .30 w25
9 514,93 52.66 1.0 1,27 6l 1.64 12 4 .09
10 57,61 50497 1.0 6,04 3,02 4,02 11 37 $32
1 55,08 49.61 1.0 407 2.24 3.24 10 .32 o27
12 56425 . 504,29 10 4,96 2,48 3.48 9 8 o34
13 54,98 59.39 1.0 -5, w271 1471 8 w2l ~.26
14 55.73 63,99 150 -9.26 -4, 63 -3.63 7 =52 -57

15 54,88 50,24 - 1.0 3.64 1.82 + 2,82 6 -alu7 W42




Both curves are unimodal and symmetric about the mean. Tecause of this
similarity, the Normal distribution was chosen as the hypothetical dis-
tribution to test the sample points against.

The following test of hypotheses was made using the Kolmogrov-

Smirnov goodness-of-£it test.

H,: Sample distribution~ilermal, with a mean = 0,207, stan-
datd deviation = 0,036
Hy: Sample dis:tributicn is not~ Normal, with mean = C.207,

standard deviation 0,036.

The Ilevel of significance: = 0,05

Criticél values for the K-8 test statistic are tabled for various

levels of significance. (%ee, for example, Hogg (7) ). At the 5% level

of significance, the critical value for the K-S test statistic is 0,29408.

The test statistic for the X-S£ test is:

MAX D = |FCO - S5 Sy(X) =K (3.13)
I
‘where
MAX D = Maximum absolute difference between F(X) - Sy(X)
F(X) = Completely specified theoretica? zunulative
distribution function under the =:11 bypothesis
K = Cumulative observed frequency
N = Sample size.
The maximum absolute deviation found in the tes:t was 0,1821, Since

0,1821< 0,29408, the null hypothesis fails to be rei:-ted and the sample
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distribution of points cannot be distinguished from :he Normal distritution,

at a 5% level of significance, So, for our purposcs we can accept the

sample distribution of the reward-to-volatility rati: as being distributed



TABLE 3.4
SUMIARY OF LINFAR RIGRESSTI:IN ANALYSIS

PERFORMED ON THI SAMPLE OF THN PROJRCT
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S P 0 it B ?
1 0.818 G232 0,243 0.25 0,489 -
2 0.897 0.241 0.151 0.21 0.516
3 0.630 0.196 0.201 0.19 0.452
N 0.852 0.223 0,195 0.20 0.529
5 1 0.838 0.218 0,285 0.29 0.532
6 0.847 0,242 0.183 0.20 0.480
7 0.803 0,243 04211 8,92 0,460
8 ' 0.786 0.250 04170 0,17 0,430
) 0.813 0,220 0.295 0,29 04505
10 0.874 0.234 0,178 0.21 0.517
11 0.851 0.235 0.146 0,18 0.518
12 0,817 0,222 0,165 0.18 0.511
13 0,714 0.193 0.203 0,19 B 514
T 0,806 0,217 0.196 0.21 0.515-
15 0.823 0.236 0.223 0.23 0,433
16 . | 0.811 0,237 0.216 023 0,475«
17 0.725 0,240 0.210 0.20 0.412 3
18 0.797 027 0.223 o.zj d.ugs
19 0.811 0.226 0.233 0.2 0,497
20 0.803 0,225 0.188 0.20 0,494

E  (Reward-To-"olatility) = 0,207

v (Reward-—'[‘o-v-olati.] ity) = 0.036



3.4 Comparin~ The Project To The Surrogate

Having arrived at an acceptable estimate of the probability dis-
tribution of the reward-to-volatility ratio for the project, a com-
parison czn now be made with the point estimate of the reward-to-velatil-
ity ratio of the surrogate, Figure 3.1 shows the point estimate of the
reward—to-volatility ratio for the surrogate in relation to the probab-
ility distribution of the reward-to-volatility ratio of the sample »ro-
ject. ‘he point estimate of this ratic for the surrogate is equal to
0,057, For the project, this ratio is accepted as beipg distributed

Normally, with a mean of 0,207 and a standard deviation of 0.036.

Surrogete

<05 «10 .15 «20 25 » 30

Rewsrd-to-Volatility katio

Figure 3.1. Comparison of the semrled project’s
Reward-to-volatility Distridbuiion to
the point estimate of the Surrogate's
Reward-to-volatility Ratio.

59
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The probability of the '"success" or "failure" of the project can
now be determined. The area under the curve to the left of 0.057 (the
point estimate of the reward-to-volatility ratio of the surrogate)
represents the probability that the projects rewatd;to-volatility ratio
is less than the expectation of the surrogate's reward-to-volatility
ratio. In this case, this probability is approximately 0.0, This prob-.
ability represents the likelihood of an "unsuccessful project,

The area under the curve to the right of 0.057 represents the prob-
ability that the project's reward-to-volatility ratio exceeds that of the
firm's. In tﬁis case, this probability is approximately 1.0. This prob-
ability represents the likelihood of a "successful" project (i.e., one that
satisfies the rawzrd-to-volatility criterion stated imn Zquation (1,17) ),

This example is not a realistip situation usually encounted in the
economic sector. The analysis shows that the project's return rate will
be higher than the return rate demanded by the firm because the probability
of the project’s reward-to-volatility ratio being greater than the expect-
ation of the firm's reward-to-veclatility ratio is equal to 1.0, This is
a case of a "no-risk" investment opportunity., This is probably a very
rare occurence in industry. It was pointed out zarlier that the surrogate
firm is composed of publicly owned firms. rhe private firm uses -this
"surrogate", or combination of its competitors, to selcet it's oro’ects.

In this example, the private firm would have accepted the project. Jut,
how would this project be evaluated by some of the publicly-owned firms
comprising the surrorate firm, assuming that this project were available
to them for consideration? The next section evaluates the-project from the

standpoint of some of the publicly-owned firms eccncmic positione
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3,5 Comparing The Project To Jome Publicly-Owned [Firms

As was mentioned in Section 3.1, six firms were chosen to represent
a surrogate, or pseudo Eirm, for the brewihg industry. +the candidate
project was then compéred to thé surrogate in order to. determine whether
or not a private firm should accept or reject the project. The private
‘firm would have accepted this project with 100, certainty that it would
-return a rate hicher than that demanded by the private firm's competitors.
However, hﬁw would some of the private firms competitors reaét to this
projeét? 3ince the surrogate is constructed by weighing the relative
strength of the public firm's finéncial nosition, some of the firms
are better off than the others and thus would demand a higher expected
rate of return from the project than might be demanded by the other firms.
Three of the publicly owned firms that made up part of the surrogate were
selected to compare the project's reward-to-volatility distribution to.

The three firms were Anheuser-DBusch, Pabst Brewing, and Schlitz Brewinz.
Using the data given in the appendix for the return rates for each of
these securities, a time series regression analysis was performed similar
to the one performed on the brewing s-rrogate, Table 3.5 shows the re-
sults of these regression analyses and the resulting point estimates of
each of the firms reward-to-volatility ratios.

Figure 3.2 shcws the rewérd-to—volatility distribution of the nro-
ject and its relationship to the three publicly-owned firms. "y usin: the
standard normal tables, the probabilities of the project's revard-to-volatil-
ity ratio being greater, or smaller, than the expectation of the firm's re-
ward-to-volatility ratio, can be calculated. T[These calculations are shown
in Table 3.6. ‘The probability associated with the sccurance of the project's

reward-to-volatility ratio excerding the firm's reward-to-volatility ratioc
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is the probability of a "successful project. The probability of an "un-
successful” project will always be equal to 1.0 minus the probability of
a "successful" project. 'his situation oeccurs when the project's reward-

to-volatility ratio is less than that of the firm.

Anheuser-Busch

Schlitz

Pabst

— e e— o GRS W S W S B S W Sm——

e
se BN 4 ¢ mmm—

.10 .15 «20 .25 « 30
Reward-to-Volatility Ratio

Figure 3.2. Relationship of the Project to the
Publicly - Cwned Companies.

The results of the comparisons between the project and these firms
are a bit more rcalistie, As Table 3.6 shows, both the Pabst “rewina
Company and the Schlitz Brewing Company would almost certainly accept
this project because the probability of success is very hish, Anhcuser-

Busch, on the other hand, might not accept this project. The probability



that the project will demonstrate a return rate higher than the return.
rate demanded by the firm is 0.60, 5o, the project has a 60% probability
of bzing a "successful" project,

The decision as to the acceptance or rejection of this project would
probably be made in light of some of the characteristics of the project,
(such as the initial investment, length of project, etc.)., The statisti-
cal model can supply the decision maker with the probabilities concerning
the likely outcome of his decisions., Put here is where capital budgeting
no longer is a science; it now becomes an art. 7The actual deciricn to
accept or reiect a project is a human decision, szbject to human errors,.
This model provides no automatic decisions. TChe experience and judgement
of the decision maker is now the crucial factor in whether the firm oner-

ates as a successful and profitable venture,

63



TABIE 3.5

RESULTS OF THE RAGRESSION ANALYSIS ON THE THREE PUBLIC FIRMS

PIR b & Bppm vl f
Anheuser-%us§h 0.763 0.322 0.201 0.198 0.301
Pabst 1.369 0.417 0.229 0.131 0,454
Schlitz 1,207 04535 0.217 0.138 0.317
TABLE 3,6
PROBABILTTIES OF THE SUCCESS OI FAILIURE OF THE
PROJECT VJITH RESPECT TO TUE PUBLICLY JVNED FIRM
FIRM PROBARILITY PROBABILITY
OF SUCCES3 07 FATLURE
Anheuser-Busch 0,5987 0,4013

Schlitz 0.9726 0.0274

Pabst 0,9826 0.0174



CHAPTER IV

CONCLUSTION

Perhaps the most significant result of this thesis was the use
of a statistical approach to make capital budretin; decisions. The
use of the statistical aprroach to project selection developed in this
thesis enabled the decisicn maker to assess the probabilities of making
a wrong decision, concerning the acceptance or rejection of the candi-
date project. Tha ability to make statements of probabilities such as
these comes from the idea that a simulation model of the project can be
constructed and this model can then be used to sanple a future event -
the project. The use of these interval estimates allows the firm or
‘surrogate firm to perform in a manner superior to its competitors, with
a certain degree of confidence. From the capital asset pricing_theory,
the reward-to-volatility ratio was dewveloped as the eriterion upon
which the projects would be evaluated, based on the Fact that project
selection in accordance to this criterion would increases the expected
net nresent value of the firm., This test criteriom ratio, then, became
the statistic of interest and was used in making the statements of prob-
ability concerning the comparison of the firm's rewsard-to-volatility ratio
versus the project's reward-to-volatility distribution,

An example was developed to demonstrate how a statistical approeach
to capital budgeting might be used by ecither the private firm or the
publicly-owned firm., The statistical model of the canital asset pricing

model is applicable as-far as the private firm is caoncarned, to homosencous
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industriazs in which therc are publicly owned firms competing with a
private firm, The only restriction occurs in industriss which are
dominated by conglomerate firms, because these firms would distort the
return rate of the surrogate firm if they were included, All publicly
owmed firms can use such a model without restriections.

Lhe appfoach taken by this thesis emphésized the use of the empiri-
cal distribution of the samplz data rather than the theeretical distri-
bution of the reward-to-volatility ratio, whi~zh was shown to be distri-
buted Cauchy. The Cauchy distribution is wvery interesting, due to the
faet that it does not possess a m2an, a variance, or any other higher
moments, Therefore, it becomes more difficult to work withe “ince the
Cauchy and the normal distributions are quite similar, it is guestionable
whether the use of the Cauchy distribution would produce éignificantly
different results from those obtained by assuming normality of the reward-
to-volatility distribution.

The statistical aporoach develoned in tihis thesis uses tne noint
estimate of the firm's reward-to-volatility ratio from the historical
data of the firm., Intuitively, a probability distribution of this ratio
for the firm would present a better view of the fim's nosition in the
economy. I this were possible, the two probability distributions (one
from the firm and one from the project) could statistically be compared
and the result would be the development of an operating characteristie
curve for the project in relation to the firm, This would result in a
far superior decision making tool than is presently provided by the model
that only uses a point estimate of the reward-to-volatilityv ratio for the

firm, The problem arises when trying to determine the distribution of
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the test ratioc for the firm, The firm has only one opportunity to perform
in a time period, and this is given by the historical data for the firm.
In order to predict the future performance level of the firm, it too must
be modeled like that of the project. In order to use the capital asset
pricing theory, both the firm and the project must have a relationship
with the market.. Therefore, if é time series analysis could be done on
the market, and a suitable predictive model constructed, the market too
could be sampled, as well as the firm and the project in relation to that
sample of the market, Through the sampling procedures the Jistributions
could be discovered and compared.

The model of the return on the stock market might possibly be very
difficult to construct. As part of the investigation for this thesis,
a timé series analysis was performed on the return rates for the markét
over the past fifteen years and the results showed that.the return on
the market was a random variabls, Many leading economists support this
finding., This problem however, is the next logical step in developing
a superior statistical model of the capital asset priecing model and

study in this area is recommended and sncouraged.



FOOTNOTES

1. Expenditures on Producers Structures are the amounts of capital
invested in buildings, manufacturing plants, offices, etc., by

the various firms and companies.
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DATA OF PUBLICLY OWNED FIRMS IN BREWING INDUSTRY

1961 1962 1963 1964 1965
FIRM PRICE P 0 NW P D NW P D NW P D NV P D NW
Anheuser-Busch 5,97  7.00 .17 153.4 5,88 .17 163.1 5.59 .18 170.9  8.16 .19 182.6 11,78 .22 197.6
Carling-0'Kecfe 8.88  11.35 .32 164.4 10,00 .34 190.9 9,13 .35 216.1  9.75 40 221.6  7.83 .40 221.8
Palstaff 17.25  19.00 .65 43.9 15,13 .65 47,2 16,31 .70 49,7  21.25 .72 53.7 19.25 .76 57.9
Pabst 4,38 8.383 == 75,5 6.4 .25 79.9 10,31 .25 83.9 16425 .25 92.1  20.56 .25 100.4

F&M Schaefer - s e - - - _— em m- _— e - - e

Schlitz - -— == == 8,79 .2 -- 14,71 .24 144,9 16,17 423 147,.2 16,67 426 163,6
1966 1967 1968 1969 1970

Anheuser-Busch 14,63 .25 220.5 20.75 L30 255.4 32,00 ,37 285.3 36,50 .40 314,1 38,19 L43 358.5
Carling N'Keefe 6,50 .40 221,8 7.00. .40 222,0 11,38 .40 191.9 7.8% .40 195,2 7.13 .40 172.6

12,63 .76 58,6 12,50 ,L,76 54.5 16.13 .40 51.8 9,63 40 51.6 5.63 - 52,8
Pabst 18.25 .38 112,232,000 .50 125,7 48.00 .50 141.3 45,40 .58 158.3 49,63 .65 175.4
F&M Schaefer - == == -- -— - -— == == 21,50 == 43,9 27,02 == 50,7
Schlitz 6,63 429 172,7 12,33 433 186,9 17.25 .38 186,7 25.00 .45 194,6 23,00 L47 208.1
P = price in dollars

D

dividend per share in dollars

N7 = net work (dollars X 106)
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1971 1972 1973 1974 1975

THEH P D NW P D NW P N NW P D NW P D NW
Anheuser-RBusch 56.0C .53 414.0  55.25 .58 462,0 32.88 .60 50,8 24,00 .60 537.8 33,75 .64 590,0
Carling 0O'Keefe 6.85 +40 167.6 5438 40 163.2  3.50 ,10 166.8 1,85 ~— 162,3 2,50 == 158.4
Falstaff RuS0 JHO 53,7  Bl3 == GFe? 2605 we 1B 2095 s=  3FGH ome wa
Pabst 75.63 .80 193.1  75.00 .83 213.1  25.50 .86 226.1 16,50 ,91 223.9 21,38 1.01 2360
F&MSchaefer 16.50 == 55,0  8.88 o= 48,6 3,75 —— 49,6  2.38 == 50,3 2,83 == 49,0
Schlitz 36,23 .52 230.3 58,38 .55 252.5 56.00 .61 285.5 15,00 .67 315,3 19,13 .68 330.0

P = price in dollars
D = dividend per share in dollars

NW = net work (dollars X 106)



INDEX AND DIVIDEND-PRICE RATIO OF STANDARD & POOR'S 500 COMPOSITE INDEX
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I n/p I /P 1 /P I D/P I D/rP I D/P I n/P
1960 1962 1963 1964 1965 1966 1967

58.11 3.37 63.10 3.39 75,02 3,15 84,75 3.05 92,43 3.06 80.33 3.64 96,47 3,08
1968 1970 1971 1972 1973 1974 1975

105,04 2,96 92,15 3.u47 102.09 2.99 117.09 2.71 97,35 3.64 68.56 5,37 90.19 4,11

I = index

n/e =

= dividend«nrice
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ABSTRACT

This thesis examines the concept of using a statistical approach
to the capital ascet pricing model for use in capital budgetings. The
theory supporting the capital asset pricing model is introduced and a
project selection criterion developed from the model. This criterion
is known as the "reward-to-volatility"™ eriterion. This criterion is
shown to be a valid selection criterion that, if adhered to by the
firm, will increase the net present value of the firm, Previous work
in this area has been limited to point-value models using this criter=-
ion, In this case, the project is either accepted or rejected by the
gelection criterion, This thesis expands the use of this selection
criterion to include the probabilities relating to the project's chances
of "success"™ or "failure", if accepted by the firm. The advantages to
the decision~-maker of this type of statistical approach are discussad.

In order to use this approach, the concept of "sampling" a future
project is introduced. The sampling procedure leads to a probability
distribution of the reward-to-volatility ratio used in the selection
criterion., This distribution is arrived at from either the theoretical
derivation of the reward-to-volatility ratio or from an empirical approx=-
imation of the data sampled. This distribution can now be compared to
the firm's reward-to volatility ratio arrived at through the examination
of the firm's historic economic performance. The probability statements
concerning the success or failure of the project are arrived at throuch

this comparison., This methodology is demonstrated by an example using



a private firm and several public firms that are participating in the
brewing industry. Problems associated with a statistical wodel of
the capital asset pricin: model are discussed and areas of further

investigation are sud-ested.





