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Many capital budgeting analyses focus on single projects. These analyses
ignore the interaction between the project and the rest of the firm. Analyses
tiat include the interactions between the assets of a firm use portfolic theory
and rcly primarily on rates of return and may include a market equilibrium.
This paper utilizes portfolio theory and includes the level of investment as a
variable so that a project can be considered while allowing for economies and

1
Giseconomies of scale and for the interaction between the project and the firm.

sTter developing the model and after considering a typical project within the
~ontext of the model, it is shown that the model can accommodate changes in a
firm's present risk, expected return position; its desired or target risk, ex-
pected return position; the interaction between the new project and the firm;

and the project's size.

TT. approaches to Capital Budgeting

rapital huadgeting analvses are useful in worlds without eguilibriums or
worlds where new projects are not impounded immediately into the current market
cauilibrim.  In such environments some degree of diseguilibrium is possible
and a rroject can have an excess expected return or & positive net present wvalue
sc that it will he acgepted and developed by a firm., The several types of
analvsi= of new projects range from Not Present Value and Internal Rate of
Return approaches to mathematical programming and portfolio analysis appreoaches.
These ;lternative methods coexist hecause no gingle method is fully capahle of
solving the hroad set of capital budgeting problems faced by the firm.

The popular Net Present Value and Internal Rate of Return methods and their
risk adjusted variants account for the timing of cash flows but are best suited
to analyring single asset firms. These approaches may be inadequate when a multi~
asset firm considers a risky prciect. If these methods are to lead tc proper
capital hudgeting decisions for multi-asset firms, then the expected cash flows

mist Le defined broadly to include the impact o: the project on assets currently



kold ¥, the firm., The risk associated with a new project must also he defired
broadly to include the relation between the project and the other assets of the
“irm. hkowever, if portfolio theory is ignored, there is nc generally accepted
way to include these interactions in capital budgeting analysis. TFor example,
it is not clear how to calculate the risk premium for a risk adjusted discount
rate analvsis of a project or how to estimate certainty equivalents for such an
analysis. Even when two parameters are used to summarize a project, ( 2 ), the
cmphasis is on the interaction between flows to the project over time rather than
on the interaction between the project and other assets.

The portfolio approach to capital budgeting solves some of these problems,
‘ts major contributions include procedures to consider a project and to measure
risk formally. In the portfolio model the decision to invest in an asset is
partially a function of the asset's impact on the expected return of the firm.
The iivesztment decision is also a function of the variance of the expected re-
tirr of the potential investment and the covariance between that expected re-
tarn and the expected returns to the other assets of the firm. The pertfolio
approach to capital budgeting also has some major difficulties. For example,
the model tvpically fQCuses on rates of return and the risks associated with

rates of retarn so that the lumpiness of projects and economies of scale are

;
ot congidered in investment decisions. Second, the necessity of making ex-
plicjt'measurements of the interaction hetween assets makes application of the
model fifficalt. Third, becauase the onc period model generally is used in
combination with the assumption of good markets, no transactions costs and no
unigue cpportunities, it is currently applied more casily and realistically in
investment market analvsis than in capital budgeting analyses where there may
he poor markets, high transactions costs, unigue opportunities and indivisible
projects.

One popular extension of portfelio theory, the capital asset pricirg model,

iz an eqguilibrium model. lowever, if this investments market model is extended



to cover capital budgeting problems, the necessity of having an eguilibrium with-
5.t market scgmentation in markets where it is applied would mean that all new
projects would immediately be priced properly. This would make the firm in-
Aifferent to any new project except insofar as it wants a different risk, ex-
pected return combination in equilibrium. The firm can make the same adjust-
merts via sale or purchase of the market portfolio with corresponding lending
or horrowing at the riskfree rate, Even if the eqguilibrium is restricted to
the financial markets and the financial maxkets are somehow separated from the
project market, the capital asset pricing model approach may not be particularly
.seful in project analysis. In such a case it is not clear that returns and
risk in the financial market equilibrium can be compared or a one to one basis

3
with returns and risk in the less well developed project markets.

The model developed here emphasizes a non-eguilibrium portfolio framework
for ronsidering projects in absolate terms. This framework has several advan-
tage:. First, it provides additional flexibilitv as it partially replaces the
cost of capital problem with the firm's target risk, expected return (RER)
combination, The essential guestion in this analysis is whether or not a proposed
mroject will enable the firm to move from its corrent RER combination (a function
of its ;resent asset portfolic) to its possibly different target RER combination,
$ecend, since the model does not rely o ar eqguilibrioem, it is possikle to
consider opportunitics unique to the firm and to include special features of the

!
firm. TFinally, eco..omies of scale are included as the full range of feasible
sizes and alternative production processes can he considered for any one project,
ir. this case the firm may accept the project at some levels of investme:t, bat
reject it at other levels.

1n this environment the firm's present and target RER combinations may be
different from :ts cost of capital. The cost of capital, obtained from an equi-
librium confined to trno financial markets, represents the minimum expected rate

5f retarn the firm can accept from a project. 1f the firm presently accepts the



vost of apital as its expected rate of return, then its undiversified
vortfolio will have a greater standard deviation of return than diversified
investors atilimately must accept. However, the firm can choose any RER
combination as a target as long as the risk and expected return portions of
that target will, at a minimum, allow investors to retain ownership in the firm
on the current financial markets eéquilibrium, 1In this framework tio firm may
trv to capitalize its unigueness by setting a target RER combination that in-
ludes a higher expected return and/or a lower risk than that required in the
financial markets today. If the firm reaches this target it will be reflected
in the financial markets via a higher corporate valuation in a future market
eqguilibriam,

The firm can not use an arbitrarily difficult target and expect to

find a-veptable projects. It turns out that as a firm increases the expected

return or decreases the acceptable risk portions of its target RER combination
the set of acceptable protects gets smaller, If corporate reguirements are too

stringent, then the firm will have no acceptable projects.

1T, Purtfolio Theory and Proiect Decisions

Az an inteprectation of the twoe ascet case of portrolio theor,, this
model ¢mphasizes the expected profit of the proposed project and its correlation
with th® rest of the firm's.portfolio, Bascd or the firm'se present RER position,
its target RER position, the sgize of the proiect and the standard Jdeviation of
veturn of the project, the firm uses experted profits and the correlation between
the project and the firm to determine the acceptability of the project.

The expected return for the firm's presert n asset portfolio and the
standar< deviation of the pertfolic can be reprcsented by E(RB) and Ty respectively,

JMowever, the firm's tarset expected returr, EfRz), and its target portfolio



tandard deviation of return’ﬁA, to be obtained after addaing the n+1St asuet
irn the portfolio may be different from current levels. Let the firm add the
-1t asset to its portfolio where the new asset reqguires P dollars and the
carrert value of the firm is vV dollars. In this case, the expected return on

the project, E(RPL the standard deviation of return for the project Sy, and

its correlation with the other assets of the firm, C—~g, must satisfy

E(Rp) < V. E(Rp) + _ P E(Ry) (1a)
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to meet or surpass the firm's target RER.

*) and let (1b) be an equality if

Let (la) be an equality if E(Rp) = E(RP

7~ = for a given

B B In this case E(Ry) is the minimum expected rate of

p*
return for the project satisfying (la) or is the minimum rate of return accepta-
ble to the {irm. From (1b) C;B is the maximum acceptakle correlation between
the project and the firm which allows the firm to meet its risk target. 1f the
aisolute size of the project is included in tie risk and expected return con-
siderations then, from (la), the minimim acceptatle expected profit for the
investment is

E(ms) = PE(R{) = (V+P) EiRp) - V F{Rp). (2a)

1

From ©1b) the maximum acceptable correlat:orn ..ctween the expected profit

for that amount of investment and the firm today is

* 8
Cp = ((veR)? o8 - w2 e o p? =2 /2o o (2b)

The constraints described in (2a} and (2b) can be summarized into one equation
for zonvenience and for comparative analysis of altcrnative situations., 1In
this case, the relaticonship hetween the maximum acceprtable correlation and

minimum acceptable expected profit asscciated with a given project for a



firm with a given target RER position is
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This equation represents the various maximum correlation, minimum expected
wroflt combinations allowing the firm to move its portfolio from its current
RER to its target RER. The graph of emuation (3} in Figure 1 covers all sizes
of a project where E(R,} = E(Rg), = %, G = 1.22217 V> 0.
Each pcint on the curve in Figure 1 corresponds to some unigue level of the
project and indicates the minimum acceptable expected profit and maximum acceptable

~orrelation that can be associated with that size project. If the actual expected

profit from the project is greater than the target requirement 5{“7) ~ E(v*;w and

it the actual correlation between the project is less than the target requirement

N <o » then it is acceptable. The point representing the acceptable project,
R TE
Timi, . . falls below and to the right of the poirt on the carve E(n™), Cig

oY 1in the acceptance area, T, bounded by and including the solid lines, If the
preject meets exactlv the requirements described by the curve in Figure 1, then
L should be accepted if the firm's target RER is different from its current RER.
v this form the combination of capital budgeting and portfolic theory

generates a range of acceptable levels of investment for a project as well as a
sperlfic accept-reject decision for any given amount of investment so the firm
van pick the project size best suiting its needs, Alterratively, the reason(s)
ior project rejection are easily recognizable. In turn, the firm may recast the
projoct to suit its needs or adjust itg specifications to accept the project.

. This form also simnlifies the portfolio theorv approach to capital budgeting
ir that it is not necessary to estimate the corrclation between the project and
the firm immediately and fullv. TInstead the project and the firm can be analvzed

separatel to obtaln the input for the right side of (3). 1In turn, this generates



“he maxirmum  acceptable correlation between the project and the firm. If TiB
.+ greater than 1, then the project is acceptable regardless of the actual
vorrelatior. between it and the firm. 1If C;B is less than =1, then the project
should Le rejected, If ~ 1 < C;B < 1, the actual correlation between the

project and the firm needs only to estimated sufficiently to determine its

3ize relative to C:B'

TV, Extensiocns of the Model

The model can be extended so the firm can consider alternative target
RERs ana portfolic revision and disinvestment:
A, Alternative Corporate Targets

The example in Figure 1 is based on the simplifying assumption that the
firm's present and target RERs are identical. Consider the firm that will
accept a project meeting either one of two alternative RER targets. The first
far et (E(RA) = E(RB) and Tp = JB) was described earlier., The secorsl target is
zzzumed to he E(Rp) > E(R ) (= l.OOBE(RB)) and Tp g (=1.01 GB) or the firm

11 avcept increased risk coincident with increased expectations. If v s 0 and

o= 11,2221

. 5’ then the firsT target generates a curve identical to that in

Fig.re 1. However, the second cuarve has a different form. Both c¢.rves arec shown
ir Figure 2. If the firm wants a profit E(vi) and accepts the first target, then
+t accepts projects with correlations and expected profits falling or or below and
to Lo wright of the bourdary formed by points E(ﬁi), Al anr Rl. If the =econd
Target is preferred, then proiects are accepted if their correlations and expected
profits fall on or below and to the right of the boundary formed by peints E(wi),
A and B .,

1

Although it appears that there are more acceptable projects when using the

second target instead of the first target, it turns ouat that points Al andl A2

represent different amounts of investment. This can be shown be considering the

Lotal differential of /‘2a) or



AE (r*) = (V+F) dE(RA) + E(RA) dp. (=)

Tf dew*) = 0 and if dE(R,} > 0 as the firm moves vertically in Figure 2 from
target 1 to target 2, then 4P must be less than zero {V,P,E(RA) > 0) so that
45 represents less investment than Ay

If a firm wants to invest P dollars and considers alternatijve target
FERs, then dp=0 in (4). Since dE(RA) > 0 as the firm shifts from target 1 to
target 2, dE(r*) must be greater than zero. Resultingly, a curve representing
& fixed level of investment over varying corporate targets will look like curve
PF in Figure 2.4 From the figure, if the firm wants tc invest P dollars and
accepts target 2, then the project must have a combination of expected profits
anc corrclation falling on or helow and to the right of the boundary formed by

voints B A_ and B3 so that there is a change in acceptable projects coincident

4" 73
with the change in corporate targets. For example, projects falling within the
recstanale formed by the peints E(ﬂi), Al, BS and Bg are acceptahble using the first
taryet, bat are rejected using the second target, However, projects falling on
or bolow and to the right of the boundary bounded by points 84, BS and Bl are
avzeptable regardless of the target in this case.

Iz the firm will accept projeéts gqualifying uander target 1 or target 2
or onder any alternative target hetweer targets 1 and 2, then the firm has still
more flexibility and can accept projects regiiring P dollars and falling or or
below arna to the right of the bhoundary formed by points F(ﬂ;)’ Al' Aj and Eq
v that the curve becomes part of the boundary. Finally, in this case the firm
should accept projects falling on jhe beuandary if E(RA) # E(RB) and//or GA # jB
and will he indifferent if both relationships are egualities. Alternative targets
are more helpful and realistic than the concept that the firm has a single hurdle
rate. Here the firm can ovaluatc projects against a set of acceptable Corporate
jgoals or .an analyze projects in situations where corporate goals are ill-defined

except inscfar as it knows it will accept a variety of outcomes., Alternative

targets may be helpful in a capital rationing situation. 1In this oituation, the



Tirm car simply reevaluate its prospective projects under progressively more
stringent conditions thereby eliminating enough projects so that the available
‘apital can be allocated among only the potentially most heneficial projects.
E. Portfolio Revision and Disinvestment

Although this analysis emphasizes the new project or investment schedule
and assumes that the first quadrant of each figure is the most relevant portior
of that figure, this analysis can also be used for disinvestment problems (P < 0 )
and for portfolic revision (disinvestment, then investment). 1In each case the
firm changes its asset structure rather than merely adds to it., Although minimum
avceptable profits to a project could have been negative previously (depending
o1 corporate goals), they are more likely to be negative in this case and any
guadrant can contain acceptable expected profit, correlation combinations., Tor
example, in the disinvestment case with no concurrent investment, the firm must
topically rediuce its minimum accentable expected profits. Since disinvestment
and ;.orisolio revislon are often asso: iated with changed corporate goals, this

model appears uniquely suited to this case.

Conclusion

Although portfolio theory is generally associated with expected rates of
return and the distributions of those rates of ret.rn it has been demonstrated
that the model car be used for analyses of single projects or entire investment
schedules.  Moreover, this approach allows the explicit consideration of the
corporate risk, expected return goals ard changes in those goals, alternative
investment and disinvestment policies the interaction between the new project and
the firm, the economies and diseccnomies of scale of the project and various

corperate portfolio management policies.



Figure 1

The Acceptable Correlation Between a Project and the Firm

as a Functicn of Expected Profitx
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Figure 2

The Impact of Alternative Targets*
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Footnotes

Smith (&) does some work in this area as part of the portfolic revision
problem. However, he uses a rate of return approach and focuses on the
proizlems within the context of security portfolio management.

Several authors r ., 3, 4, 7 ) have valued assets on a dollar basis
in a portfolio framework. However, the rate of return or efficiency approach
to portfolio theory has generally dominated the approach based on levels.

If there were a 1 to 1 relationship, then investors would take the most

pereficial opportunities from both markets and the segmentation would disapm
pear.

The exact shape of PP will depend on the various alternatives considered in
this range,
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