W‘”"’M*éﬁ'ﬂl,ﬂ‘&”h PEaye

PREGLED NAUCNE OBLASTI
— SURVEY OF THE DISCIPLINE

ECONOMIC ANALYSIS AND WORKERS’
MANAGEMENT, 2, XVI (1982), 201—222

CAPITAL BUDGETING DECISIONS UNDER CONDITIONS
OF CERTAINTY, RISK, AND UNCERTAINTY

Jugoslav S. MILUTINOVICH*
George J. TITUS**

INTRODUCTION

The future success of a business venture depends on decisions made
in the present. Among the most important are those decisions dealing
with capital budgeting outlays which are expected to generate returns
beyond one year. Examples include investments in fixed assets. Less
obvious examples may include an increase in permamnent working capital,
expenditures on advertising, and research and development. The system
of capital budgeting is employed to carry out the plamning of these
expenditures. However, capital budgeting planning deals with the future,
which is usually uncertain. Since cash flows of investment proposals
will be realized with varying degrees of certainty, capital budgeting
methods must incorporate risk and uncertainty into the decision-making
process. Management should have a clear understanding of the philo-
sophy, technigues and criteria used in evaluating capital budgeting of
projects.

The purpose of this paper is (a) 1o describe briefly and compare
different capital budgeting technigues under conditions of certainty; (b)
Yo describe evaluation of capital budgeting proposals under conditions
of risk; and (c) to describe and compare critenia which can be used for
capital budgeting under condifions of umncertainty, which are mot exam-
ined in current capital budgeting literature,

CAPITAL BUDGETING UNDER CONDITIONS OF CERTAINTY
t

The difference between capital budgeting planning under conditions
of certainty, misk and uncertainty depends on the amount of information
the decision-maker has, or assumes, about ithe probabilities of the stales
of mature. In decision-making under certainty, the dedsion-maker knows
(or assumes) which state of mature will occur and selects the alternative
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which will give the highest payoff for the state of nature. In this case,
the decision-maker has complete informaticil* about the problem and:
there is no rigk or uncertainty., For example, if one invests in U.S.
Government bonds, one will have almost complete information about the
future of this investment.

METHODS OF- EVAULATING CAPITAL BUDGETING UNDER
CERTAINTY

Capital budgeting methods can be classified into two categories. The
first category. includes the more sophisticated. time-discounted methods
such as Nel Present Value (NPV), Profitability Index (PI), Intexmal Rate
of Return (IRR), Terminal Rale of Return (TROR), Net Terminal Value
(NTV), and Equivalent Anmmal Cost (EAC). The second category im-
cdudes the shorteut nuwleoi-thumb methods such as paycheck period and
average rate of return.

In order to use the methods listed above, the decision-maker will
use one of the six formulas presented in Figure 1. These six formulas
present three fubure value relationships and their reciprocal present
value counterparts. In order fo avoid the tedious task of using the
formulas presenied in Figure 1, printed tables are available in financial
or accounting texts.

The formulas in Figure 1 use the following five factors:

= present worth, a lump sum value at present time period.

F = future worth, a lump sum value at a certain future time period.

A = one annuily payment. Usually the interest tables are based on
an annuity composed of equal payments occurring at egual
time intervals with the first payment at the end of the first
period. One can use annuity payments and convert them into
a single present or fufure sum or to translate a single payment
into a series of payments taking place in the past or future.

n = number of interest periods (can be more tham one interest
period per year). ‘

i= interest rate per period. Interest rate can be compounded
guarterly or monthly. For example, a 12% interest rate will be
compounded four times per year at 3% If it is quarterly, and
12 times at 1% if monthly.

Each formula in Figure 1 contains four of the above listed factors.
Problems facing a decision-maker usually include three of the P, F, A4,
n, and ifactors with the fourth factor unknown.

It is assumed that before applying any of these methods, the de-
dision-maker will formulate each capital budgeting project in terms of
cash inflows and outflows. The cash inflows from am investment consist
of the incremental -profit after taxes plus incremental depreciation; the
cash outflow is the actual cost of the invesiment. Special attention must
be paiid 4o the timing of receipts and outlays and the handling of fixed
and vaniable costs, accounting depreciation, and working capital.

.
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Interest formulas, symbols, and descriptions

Figure 1.
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TIME DISCOUNTED ME"'PHQDS
CATA 3 . Bt .
1. Net Present Value (NPV): The present value of future retumms,
discounted at the minimum required rate of return on mew investment
(cost of capital), minus the cost of the investment: Tt is defined as
follows:

R, R, R,
NPV = + tod—— ¢ (1)
(1-+K) (14 k2 1+ Ky
or
V n Rt
NPV=% — —— . C o)
1=] (1 + k)z

1

Here Ri, R, efc, represent the net cash infiows, k is the minimum
required rate of refurn on mew investments, n is the project’s expected
life, and C is the cost of the investment.

The decision-maker should reject any project with a megative NPV,
To illustrate the NPV calculation, let us assume that an engineering firm
is considerling acquiring two pieces of laborabory equipment, A and B.
Each requires am investment of $2000. The minimum required rate of
return is 10%. The net cash flow from both eguipment and the calcula-
tion of NPV is presented in Table 1A im the Appendix. Project "A” has
a NPV of $160, while B’s NPV is $464. On this basis, both equipment
proposals should be accepted if both can be purchased, but B should be
chosen if only one is to be purchased.

Advantages of this approach are: (a) it compares total cost without
knowledge of income or considering the effect of taxes (these factors
can e taken into account, if applicable); (b) it considers the total return
which is important when the amount of capital is Mmited; and (¢) it
can take into account fluctations in cost or revenues. Disadvantages
are: (a) it does mot consider the rate of return and mumber of years
for in investment to pay for itself; and (b) it assumes that funds. could
be reinvested at the cost of capital.

2. Profitability Index (PI) or Benefit/Cost Ratio: The present value
of future met cash flows over the initial cash outlay or investment,

PV of cash inflows PV
Pl = =

PV of investment C

As long as the profitability index is equal to or greater than 1.00,
the investment proposal is acceptable.
In our example dited above, the profitability index for project A

2160 2464
i§ ————— =108, and for project B is = 1.23. According
2000 2000

to the profitability index, project B would be preferred.
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For any given project, the NPV method and the profitability index
give the same accept-reject signals. However, if we must choose between
mutually exclusive: projects, the NPV method is preferred because it
expressed the expecied economic contribution of the project in absolule
terms. In contrast, the profitability index expresses only the relative
profitability,

3. Internal Rate of Return (IRR): The interest rate that equates the
present value of the expected future cash flows, or receipts, to the ini-
tial cost or investment. The equation for caleulating the internal rate of
return is:

R‘, Rz Rn
IRR = + ot C=0 (4
(1+ry (1 + 7 1+ e
or
n R,
IRR=Y—— —C=0 (5)
t=) (1 3+ T)‘

Here we know the value of C and the values of Ry, Ry, ... Ry, but we do
not know the value of r. Notice the internal rate of retwn formula,

Eguation (4), is simply the NPV formula, Eguation (2), solved for that

particular value of k that causes the NPV to equal zero.

The IRR projects A and B are calculated In Table 2A in the
Appendix, Project A has 2 14.8% IRR, while B’s IRR is 16.7%. According
to the intermal rate of reburn method, project B would again be pre-
fexred.

In general, the NPV and IRR methods lead to the same acceptance
or rejection decision. However, when two investment proposals are
mutually exclusive, so that we can select only one, the two methods may
give contradictory results,

The difference between these two methods is due to differences in
the implicit rate of reinvestment for the imtermediate cash flows. The
IRR method implies a reinvestment rate equal to the imternal rate of
return, whereas the NPV method implies a reinvestment rate equal to
the reguired rate of return used as the discount factor. If a choice must
be made, the net present value method generally is considered superior
theoretically (Van Horne, 1977, ip. 92).

4. Terminal Rate of Return (TROR): This requires the analyst to
state explicitly the reinvestment rate for the cash inmflows from a proj-
ect, As was mentioned above, in the absence of this explicit statement,
the computations of IRR implicitly assume that any cash generated
during the life of the project is reinvested at the same rate as the
caloulated JRR. For an organization the reinvestment rate could be the
organiization’s cost of capital, or it may be a lower rate based on in-
vestment of the idle cash in shorf-term securities. It may change over
time, reflecting altermative reinvestment rate assumptions (Rodriquez &
Carter, 1976, p. 311).
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First, in order to calculate the Terminal Rajqé of Return, the proj-

ect cash inflows (Bp, Roog...efc) are compounded forward to some -

fime horizon, {n), at the veinvestment rate, (i), as in the following
eguation:

Su= Ry_y (1 + i)~ -+ Roag (1 + )72 +
(6)
Ry (1 + 0" 4 oo Ry (1 + i)

The second step Is to find the discount wate that equates the compound
value of cash inflows, (Sn), to the value of investment, (C). This discount
rate, (x), is the terminal rate of return for the project as dndicated in
Equation (7).

Sn
TPROR=————C=10 )
(1 + =)

Returning to our example, let us further assume that the firm’s Tein-
vestment rate is 5%. The TROR for project A is 9.4% and for project B
is 12.1%, as it appears in Table 3A in the Appendix.

5. Net Terminal Value (NTV): First, it requires the calculation of
the Compound Value of the cash inflows, (Sp), at the reinvestment rate,
@), as in Bquation (6). Secondly, the inmitial investment, (C), is com-
pounded forward at some opportunity cost or reinwestment rate as in
Equation (8).

cu ='CD (1 + i)n 7_ (8)

Thirdly, the Net Terminal Value is calculated by subtracting the
compound value of the investment from the compound value of the
cash inflows, (S,), as in Equation (9).

NIV =8,—C, )]

If the NTV is positive, the project should be accepted.

In our example, we find, from Table 3A, that the NTV for project
A is §538 while project B has a §1,288 NTV.

8. Equivalent Annual Cost (EAC): This is a time-adjusted method
to evaluate an equal ammual cost over the life of amn investment. This
method can be wused fo compare investments with different economic
lives by taking into account the compounding of interest.

EAC=CRand R + S; + OC (10)

In this equation S; represents the inierest on salvage value and OC is
other annual operating and mainienance costs. CR stands for capital
recovery and R is the return. Together CR and R is basically an
annuity amount derived from the present value investment amount. For
example, CR and R on a $1,000 investment at 10 percent over five years

Sl
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wounld be a given size annuity that could be withdrawm each year for
five years to finally exhaust the sum. Of course-ithéttotal amount of
withdrawals would exceed $1,000 by the amount of interest accumulated
on the declining capital amount. The annual CR and R amount can be
determined from the present value anmuity factor (PV,) or the capital
recovery factor (CRF) by moting that the present value investment
amount, I, must be the product of a PV, factor times some appropriate
annuity amount R (Monks, 1977, p. 1692. Thus:

I=R(PV)"

Solving for R gives

I 1
R;= =1] ] (11)
(PVI{" (PV)"
where
1
= CRF (Capital Recovery Factor)
(PVa)" .
R; =I(CRF)

For example, if n = 8 years and i = 10%

1 1
CRF = = = 0187
(PValios, 5.335

The CR R applies to investment less salvage value, (1 —3S), there-
fore, the interest on salvage value (S;) must be included. At the end of
life of the investment, the salvage value is assigned io the lender and
the only cost to the borrower is the ammual interest charged on the
amount borrowed.

Calculation of the equivalent annual cost for two project is pre-
sented in Table 4A in the Appendix., One can see that although tokal
imvestment cost for project A is lower, project B has the Jower EAC per
year, The equivalent annual cost is useful for organizations with fixed
incomes like state and local government which rely on relatively fixed
budgets for their new projects.

Advantages of the EAC are: (a) investments with different lifetimes-
can be compared without taking inlo account Inmcome or taxes on
income; (b) this method is relatively exact because it takes into account
compounding am eqgual amount each year. Disadvantages are: (a) the
illusion of accuracy may be misleading since one makes assumptions
about future costs, salvage value, interest rates, and egquipment lifetime;
and (b) total costs are mot explicitly considered for calculating return on
Investment.
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.. SHORTCUT RULE-OF-THUMB M}THODS
) . S

1. Payback Method: This is based omn the length of time necessary
for the sum of annual cash benefits 1o equal the initial investinent. For
example, the paybadk period for project A is 2-1/3 years, and 4.0 years
for project B. According 1o the payback pericd method, project A
would be preferred. Notice that this recommendation contradicts the
vecom;‘nendaﬁon from all previous methods which favoured project B
over A, ’

A.lthough the payback peniod is very easy to understand and caleu-
Ja’,‘tfa, it can lead to wrong decisions. This method has three major de-
Incuefmies. First, it ignores the time value of money. Second, it fails to
cou}sqda_ any stream of income extending beyond the payback period.
Third, a_t has mo means of adjusting for different levels of investment.
It provides only a measure of the rate at which an investment is
reburned and, therefore, is not a useful device for selecting from among
an array of projects under capital rationing. Nevertheless, the payback
method continues to be in use. One recent survey indicated that 47.1%
of hospitals responding wsed the payback method (Williams, 1974),
Overall, 60% of U. S, firms used the payback method and of those, only
16% wused a payback period of more than five years (Weston & B-rj;gham
1971, p. 132). '

T'he .npaybadk method gives mamagement limited insight dnto the risk
and hqli.]sdi-ty of a project. The shorter the payback period, the less risky
the project amd the greater its liguidity. The engineering firm that is
cash poor may find the method to be very useful in gauging the early
recovery of funds invested. There is some merit 1o its use in this situa~
‘hon,. but the method does mot take into account the dispersion of
possible outcomes — only the magnitude and timing of the expected
yalrue of these outcomes relative 1o the original investment. Therefore
it cannot be considered an adequate ‘indicator of misk. ’

-, . When the payback method Isused, it should be freatedas a consiraint

“to_be satisfied and not as a profitability measure to be maximized.

As we have already noted, some organizations still use shorteut measures

-of investment such as the payback period when evaluating capital

expenditures. Although it can readily be shown that the use of these

_n_}ethods may distort investment decisions, they provide close approximar
tions of the discounted rate of return in a mumber of important situa-

tions, For investment proposals with internal rates of return greater
tha_n 30% and with economic lives exceeding ten years, the payback
reciprocal provides a good estimate of the internal rate of returm. On
the other hand, for proposals with relatively low internal rates of
return of less than 8%, the payback recdiprocal does not provide a good

‘estimate of the internal rate of retwim. This reinforces our earlier

conclusion that the payback method should not be used as a. profitability

‘tneasure to be maximized; rather, it should be treated as-'a constraint

to be satisfied.

2. Averfzge Rate of Return: It is defined as the ratio of average
annual net income (profit after tax) to average investment. This method
can approximate the true rate of return if the life of a project is lomg
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(at least twice the payback period), annual income uniform, and salvage

“value negligible. The advantages of this method are: {a) it Is simple to

use; (b) it attempls do caloulate a rate of teturn rather than focusing
on the time mecessary {o recapture the oniginal investment; and (c) it
considers both the amount invested and the profit the investment gener-
ates. The disadvantages are: (a) the fime value of money is ignored, and
(b) thé project ls expected to have uniform inflows — accelerated
depreciation amd shortened product lives require more accurate cash
flow techniques (Wert & Henderson, 1979, pp. 159-160).

CAPITAL BUDGETING UNDER RISK

Under conditions of tigk, the decision-maker knows or estimates the
probabilities of occurrence of the various states of mature or cash flow.
He sclects the strategy by adding wup the expected values for each
strategy (payoff fime probability) and determirdes an overall expected
value for each state of nature. In this case, the decision-maker has less
information than under certainty and selects the Investment proposal
with the highest expected values. Risk may also be evaluated by com-=
paring the variabilities of two or more sets of data by usmg their regpec-
tive variances or standard deviations when their means are egual, and
variables are given in ‘he same units. When these conditions are missing,
one may use the coefficient of variation which is a relative measure of
dispersion (ratio of the standard deviation to the mean). The standard
deviation and the coefficient of varietion may be used for the expected
value of future cash flows. In this case, the smaller the standard devia-
tion or the coefficient of variation of an investment among alternative
investments, the better it is. For example, if Proposal A in Table IA in
the Appendix has a probability of success of 0.7 and Proposal B has a
probability of success of 0.6, the expected values of the NPV are $112
and $278.4, wespectively, On the other hand, if the standard deviation
and/or coefficient of variation for project B is considerably higher than
for project A, project A may be the more attractive investment although
project B has the higher expected monetary value. The same method-
ology can be used to evaluate projects listed under other methods pre-
sented in capital budgeting nnder certainty. Other useful tools for eval-
uating investments under risk are decision frees and simulation.

1. Decision Tree Analysis: The decision tree Is a means of graphi-
cally illusirating the pattern of relationship among decisions involving
conditional probabilities (i. e., where the probability of one alternative
action is tied to the ouicome of another event). Figure 2 shows a
decision-tree diagram of possible outcomes for a corporation in a two-
year period, with the probability of 0.7 receiving $1,000 for each of the
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Figure 2. Decision Tree of Cash-Flow Egpectations

P
e g

Cash Outflow I'robability
- of path* _
0.7 1,000 0. 1,000° 0.49
$1,000
0.3 0.3 0 d,21
0 2l —— 1000 0.2

M 0 0.09

Year

0 1 o)

two years, compared to the probability of 0.3 receiving mo cash flow.
The expected discounted cash inflows of the project costing $1,000 may
be caleulated assuming a discount rate of 10% as the required rate of
returm, gs shown in Table 1.

Table 1. Eexpected Present Value of Discounted Cash Flows

Calculations {(Present Value E: ted Vai
10% Conditional Cash Inflows) Discounted Peobability }'i)&?‘.elgisecmértgg
. Cash Flows Cash Flows
(1) ) (1) x (2)
0.909 ($1,000) + .826 (§1,000) . . . .$1,735 0.49 $850.15
0.909 ($1,000) - .826(0) . . . . . 909 0.21 190.89
0.909 (0) + .826 (§1,000)- . . . . . 828 0.21 : 173.46
0.909 (0) +- .826(0) . . . . . . . 0 0.09 0
Expected Present Value . . . . . 1.00 $1,214.5

_ The expected met present value is $114.50 ($1,214.50—%1,100). If the
firm accepts the proposal, there is a 0.04 probability ©of losing the entire
$1,100. On the other hand, the company may gain $1,735 in discounted
cash énflows, with a probability of 0.64 of achieving this result. In the
other two cases, the outcome would result in losses but these would mot
be muinous to the fimm. The value of the decision tree is that it sets
out warioits choices and their probability of fulfillment and then
proceeds to quantify the result. It should be also mentioned that payoif
t@bles and decision ‘trees involve essentially the same computational
procedures and should give identical results for the same set of data
(Wert & Henderson, 1979, pp. 190—181).

2. Computer Simulation: Concepls presented in the decision free
analysis can be extended o computer simulation. The risk of the project
depends on both fts sensitivity to changes in key variables (market
factors, investment cost factors, and operating and fixed cost factors)
and the range of likely values of these variables, i.e. the probability
distriibution for each variable used in simulation.

. * Probability of path equals probabilily of year 2.

gy VAR ARG

~ .g-.wfw&ﬂwmmmrmizﬁp; T =]
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The first step in a simulation for investment planning is to specify

" the probability -distribution for each one of the key variableg used in the

simulation analysis. During the simulation process the computer will

select a vandom value according to the probability distribution assigned

by the mangement for the papticular factor. Once this @s done, the
computer genevates a set of lincome statements and cash flows and
caleulates NPV for run 1 and stores it. The computer then goes to run
2, 3 and so on. The storéd NPVs for all the runs are then printed out
in the form of frequency distribution, together with expected NPV and
the standard deviation of this NPV. The advantage of simulation for
investment planning is that it shows management the range of possible
outcomnes under condiiions of visk if the project is accepbed, not just a
point estimate of NPV.

CAPTIAL BUDGETING UNDER UNCERTAINTY

* Uncertainty is by far the most common condition confronting the
decision-maker. Under condifions of umcertainty, the decision-maker,
having mo information about the probabiliiies of the states of nature,
makes his choice based on. #he decision criteria he subjectively feels most
reliable or comfortable with. When uncertainty exists concerning future
cash flows, there is mo clear-cut decision rule. The mamager must rely
on subjeclive measures to allow for the correct assessment of the in-
vestment proposal considered. Usually managers separate investment
proposals ‘into various uncertainty categories based on managerial
judgement. For a group of projects one can use different ceriteria
explained in this paper. Other methods that accomplish a similar resull
on an individual project basis include application of a zisk-adjusted
discount rate and use of certaimty eguivalent techniques.

1. Risk-Adjusted Discount Rate (RADR): In this method the
decision-maker will adjust for varying degrees of ridk dmplicit in an
investment proposal by reducing or increasing the discount rate based
on managerial judgment. It is gemerally agreed that riskier projects
chould be evaluated with a higher discount rate than the overall conporabe
cost of capital while a lower discount mate should be used for lower
risk projecis. Unfortunately, there is mo good way of specifying exactly
how much higher or lower these discount rates should be — given the
present state-of-the-art. Risk-adjustments are necessarily judgmental and
somewhat arbitrary. The general form is:

" Rt .
NPV = 5 ———— (12)
=1 (1 + k*)!
where k* is the T&sk.-adjusted discount rvate and R; is reéturn for
period t. '
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The problem is that the risk-adjusted ratg, p@nalﬁzes projects whose ,

cash flows fre larger at the end-years of the project. This method

therefore should ibe used only when there is an unusual lncrease in

uncertainty close to the end-yeats of a project.

2. Certainty Equivalent Techniques (CET): In this approach, the
deciston-maker will adjust the cash flow of the project to reflect the
degree of uncertainty involved. While the risk-adjusted discount rate
adjusts the denominator, the certainty equivalent approach adjusts the
cash flows themselves.

n CIR!
NPV =§— (13)
=1 (1 + i)l

certainr cash flow
where C, =

uncertain cash flow

and C, is called certainty equivalent i in period 1.

It should be mentioned that both these methods, RADR amnd CE’I‘
were suggested by Stapelton (1971) and Bierman and Hass (1973). They
proposed companing expected net presemt value taking into account the
market's risk-return trade-off and the possibility of diversifying away
the uncertainty of the project’s cash flow. Rubenstein (1973) suggested
a comparison between the expected rate of retim of a project and the

default-free rate adjusted for project wisk. However, according 1o

Cooley et al. (1977), all three approaches “yield ddentical investment
decisions and any of them can be used for investment selection or
theoretical development (Cooley et al. 1977, p. 122).”

3. Other Criteria for Capital Budgetmg under Uncertainty: In
addition to the RADR and CET methods mentioned above, there are
some additional criteria not mentioned by the researchers on capital
budgeting under conditions of uncertainty. These ariteria are mentioned
in the Operations Research, Management Science, as well as Operations
Management’ (OR/MS/OM) literature. Unfortunately, to the best of our
knowledge, none of these criteria are mentioned in the capital budgeting
literature although they are extensively used fin the OR/MS/OM liter-
ahm-g when dealing with decisions under conditfons of umcertainty
(probability mot kmowm)..Let us now examine these criteria one by ome.

The Laplece Criterion can be used for comparison of muitiple
projects, Under the Laplace Criterion, the decision-maker assumes that
each potential state of mature should be assigned the same probability
since the future states of mature are not known. This criterion is similar
to the expected monetary value. The problem is ireated as if it were
one of risk. The decision-maker selects the alternative with the highest
payoff (Miller & Starr, 1967, p. 122).

e Ay e
G

VS e 8 A e o
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Table 2. Payoff Matriz for Cepital Budgeting under Uncertainty

Bconomic Condition

Boom Normal Recession
Project P=1/3 P=1/3 P=1/3 EMV
A 3,500 1,800 —1,000 1,433.33

B 2,000 1,500 950 1,483.33*

In Table 2, project B has the higher monetary value although it has a
lower payoff during the boom amd normal economic conditions.

The Maximin Criterion was suggested by Abraham Wald, Under
the maximin criterion one assumes that the worst will happen, This is
also called the pessimistic or conservative criferion. According to this
criterion, the decision-maker should select the highest payoff under the
worst state of nature (best of the worse) or the maximum of the min-
imum retwrms. This criterdon ds used by decision-makers who are
extremely pessimistic, cautious, and conservative about the future
payofis of their projects and state of mature. This criferion is useful in
situations when a loss would bankmupt a finm. In such an instance,
management must be vey conservative, Using data from Table 2, the
decision-maker would choose project B because under the wonst eco-
nomic conditions it would make a profit of $950 while project A would
have a loss of $1,000 @iller & Starr, 1967, p. 116).

The Maximax Criterion is based on an opiimistic, bold and aggres-
sive outlook for the future, The financial decision-maker in such a case
should select the highest payoff mnder the most favourable state of
nabure or the maximum atm(mg the maximum payoifs (for each project).
In our example in Table 2, project A has the highest payoff of $3,500
when compared 1o the $2,000 payoff for project B.

This criterdion can be used if the payoff is efther insigmificant in
relation to total financial resources of the firm or because imanagement

is sure of their R & D capabilities, competence of their scientists,

product fubure, eic. Finally, management may have certain available
information which dhdicates a very favourable state of mature in the
future and therefore it is ready to make an aggressive move.

The Hurwicz Criterion was suggested by Hurwicz (1958) and it is
a compromise between two exireme criteria, minimax and maximin.
Hurwicz observed that dedision-makers are rarely completely optimistic
or pessimistic. They are somewhat in between these two extreme cri-
teria, For that reason, Hurwicz suggested the use of a coefficient of
optimism, ¢, which is a value between zero and 1 or 0.0 < o =< 1.0. This
coefficient of optimism, ¢, should be used to multiply the highest payoff
for each alternative course of action. The minimum payoifs should be
multipled by 1— oo which ds in fact, the coefficient of pessimism. If the
coefficient of optimism is equal o 1, the Hurwicz criferion is exactly the
same as the maximax criterion and when the coefficient of optimism is
equal to zero, thé Hurwicz criterion is exactly ‘the same as the maximin
criterion. The formula is:
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Payoff or return = « (max.payoff) + (1 — a) (min, payoff) (14)
'53;_"?-" e Lo

Let ms assume that the coefficient of optimism, ¢ is 0.8 and 1 — o = 0.2.
The expected values for the projects A and B presented in Table 2 will
be:

A $3,500(0.8) + (—$1,000) (0.2) = $2,600*
B $2,000(0.8) +  $950 (0.2) = $1,790

The decision-maker will select project A in. this case,

When the coefficient of optimism s 0.5 and the decision-maker is
50% opfimistic and 50% pessimistic, the expected values of projects A
and B will be 31,250 and $1,475 respectively. The decision-maker will
select project B this time. Sometimes, in wveality, the decision-maker
cannot specifiy the coefficient of optimism, o. In such a case one may
present a scale of o values from 0 to 1, as the scale presenied below,
and ask the decision-maker to mark am X on the line above the value
of the o coefficient the decision-maker is most comfortable with.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
&%

Completely
Pessimistic

Completely
Optimistic

Another way to help the decision-maker specify the coefficient of
optimism is to graph the valuespresented in Figure 3. On the right~hand
side are the optimum mpayoffs for each project (o = 1.0) and on the
left-hand side of the graph are the minimum payoffs (« = 0.0). By
connecting the minimum and maximum poinis for each project we will
get a point of intersection which will indicate the coefficient of oplimism
as 0.77. At the intersection point the decision-maker should be indif-
ferent between the projects A and B. The more pessimistic the decision-
maker is and the more his coefficient of optimism is below the 0.77
point, the more he will prefer project B. The more oplimistic he is
(values above 0.77), the more he will prefer project A.

Savege’s Minimax Regret Criterion uses the concept of opportumiy
loss and regret as a decision criterion (Savage, 1951, pp. 55—67). Regret
is the difference between the maximum payoff for each state of nature
and the actual payoffs for each strategy. It s necessary to construct a
regret mabrix and select the highest regret for each sirategy. The final
step is to select a strategy which will minimize the maxim regret. Using
the payoff matrix example presented in Table 2, Savage’s criterion will
give the Tesults shown in Table 3.
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payoffis

Payuffs 3,500

2,000

930

Coefficient of Optimism (4)

-1,000

Figure 3. The Hurwicz Criterion Graph

The « coefifcient can also be derived by solving the two equations:
3,500 — 1,000X = 2,000 - 950X
1,500

X= — =017

1,950

Table 3. Savage’s Regret Matrix

Economic Condition

Maxdmum

Project Boom Normal Recession Regret
A 0 0 1,950 1,850

B 1,500 - 300 0 1,500#

Here one would choose project B in order 0 minimize the maximum
regret,

There is a problem in applying this criterion. According to Lee and
Moore (1975, p. 74) ...the amount of regret is presented in monetfary
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units (dollars). Since the relative value (marginal-utility) of this amount
decreases “as the total payoffs increase, sorfiatirhes we may select an
inferjor alternative when the regret criterion is adopted” as the example
in Table 4 indicates.

Table 4. A Decision Problem under Uncertainty and Regret

State of Nature Regret Matrix
PDO]@Ct N[ Nz N; N1 Nz N_!
C $250,000 $123,000 —$75,000 0 0 100,000
D 150,000 123,000 25,000 100,000 0 0

The decision~maker should be indifferent between projects C and

- D. However, a closer analysis may indicate that under the state of

nature Nj, project C will loss $75,000 and project D will bring a return

of $25,000. If one takes into account utility which can be defined as an

attitude toward risk, the above example may make even more sense
and this is the next topic of our discussion.

A Decision about Decision Criteria, One may ask which critedia the
decilsion-maiker should apply since different cniteria, may suggest a choice
of different strategies creating confusion. Why mot mse the presented
decision criteria to choose a decision criterion? While we cannot suggest

how io apply different decision criteria o choose a criterion, we can
state that the financial decisionmaker who is looking to maximize
. return on am investment should choose a criterion he (or top managem-
ent) is most comfortable with. A criterion which will give the financial
decision-maker peace of mind should be chosen. The attitudes and the
state of mind of the decision-maker should not be jeopardized. One must
also take into consideration the decision-maker’s personality and frame
of reference plus the financial position of the organization. The decision-
maker could also make a companison of the maximum and the miini-
mum expected payoffs under different criteria, then these expected payolfs
could be compared. Depending on the decision-maker’s attitude toward
risk (loss), he should choose the strategy which is most compatible with
his personality and atfitfudes as well as with the organizational goals.
Utility theory and attitude toward Tisk of both the individual {decision-
malker) and the organization play a very important role in the selec-
Hion of criterion.

Utility Theory may help the decision-maker determine his/her
utility or atitude toward risk. A preference curve can be used to
determine the expected utility for different projects, There are three
basic types of uiility curves as illustrated in Figure 4,

e v
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Figure 4. Three Basic Types of Utility Curves

1.00 .
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0.50 \
o3
0.25 (- AU
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curve)

) ) 1 l 1 1 { L

0,0
$0 (or less) . (Thousands of Dollars)

Financial decision-makers are usually risk averters, especially if the
projects are very large and a failure can bankvpupt an organization. 1i
is important to mention that in the case of a comservative decision-
maker, the marginal utility of money is diminishing. The more money
the project makes, the smaller the utility of money. On the other hand,
the closer the conservative decision-maker is to bankruptcy, the large
the utility of momey as Figure 4 indicates. This diminishing marginal
utility leads directly to risk aversion which is reflected in the capitaliza-
tion rate dnvestors apply when determining the value of the firm.

Hammond (1967) has illustrated the method to obtain a preference
curve, Utils presented on the axis of the preference curve can be
utilized in the same way payoffs are used. However, by using probabil-
itles and payoffs one will get an average curve which is dn fact the
expected monetary value (EMV) curve, Whole use of utils (instead of
payoffs) will indicate expected mitility of a project. Expected utility, on
the other hand, may lead to a different project choice than EMV. For
example, #f payoffs in the dedision tree (Figure 2) or the Laplace malrix
(Table 2) are replaced by utils, the expected wiility in Figure 2 may
give a different amount or the Laplace criterion may lead o a choice
of a different project (Table 2).

SUMMARY AND CONCLUSIONS

This paper reviewed and compared different capital budgeting tech-
nigques used under conditions of certainty, risk and uncertainty. The
advantages and disadvantages of each of the techmiques were discussed
in light of the assumptions and availability of data.
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In the arvea of capital budgeting, one is forged to move away from
certainty in the direction of uncertaimty. THis" & more true for capital
budgeling in technical projects. Engineers and scientists who have the
technical expertise can provide better estimates and information to
financial analysts/managers provided they (engineers) have a better
understanding of the comcepts and techniques -used in capital budgeting

decisions.

Received: 22 3. 1982
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APPENDIX

Table 1A. Calculating the Net Present Value

Proposal A Proposal B
Netcash P.V.factor P.V.of Netcash P,V.factor P.V.of
Year flow at10%  cash flow flow cash flow
1 $1000 R §910 $200 91 $182
2 800 .83 664 400 .83 332
3 600 5 450 600 75 450
4 200 .68 136 800 .68 544
5 ' 1000 62 620
6 600 56 336
P. V. of inflows $2160 $2464
Less:investment 2000 2000
NPV § 160 $ 464
Table 2A. Calculating the Internal Rate of Return
10 ipercent 20 percent
Present Value Present Value
Year P.V.Factor A B P.V.Factor A B
1 91 $910 $182 .83 $830 $166
.2 . .83 664 332 .69 552 278
3 75 450 450 .58 348 348
4 .68 136 544 48 96 384

-
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5 .62 620 40 400
8 .b6 e - .336.. .33 S 2188
P.V. inflows $2160 $2464 $1826 $1772

Using linear interpolation®* IRR, = 10% +- 1600 = 14.8%

344
TRRy = 10% -+ 4640 = 16,7%

692

* for project A at 10%
at 20%

Difference 10%

10x160 = 4.8

334

Present value is 2160
present value is 1826

. 334
10% - 4.8% = 14.8%

Table 3A. Caleulation of Terminal Rate of Return and Net Terminal

Value

Compound Values

Compound value of investment =

2000 x1.216 = $2432
$2870 — 2432 = § 438

NTV =

Projech A Project B
Compound Compound Compound Compound
Year Value Value Value Valie
Factor at 5% Factor at 5%
1 1.158 81158 1.276 $255
2 1.102 882 1.216 486
3 1.050 630 1.158 695
4 1.000 200 1.102 . 882
5 1.050 1050
6 1.000 600
" Compound value of cash
inflows: $2870 $3968
TROR 9.4% 12.1%

2000 x 1.3'4 = $2680
$3968 — 2680 = $1288
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Table 4A. Calculation nf Equivalent Annual Cost

JUGOSLAV S. MILUTINOVICH, GEORGE J. TITUS

Project B

Project A

$1,000/year

10%

OR&R = (1 —8) {CRF); CRF = 1/(PV,) 10y

$54,000
$ 4,000
9 yeaxs

Investment cost
Salvage value
Economic life
Maintenance and
operating costs
Cost of capital

45,000
5.000
years

$ 1,000/year

$
$
6

([l

operating costs
Cost of capital

Economic life
Mafintenance and
CR&R

Investment cost
Salvage wvalue

(853,000 — $4,000) (0.1736) = $8,508.42

(84,000) (0.10)

OR (maintenance and

($45,000 — $5,000) (.2296) = § 9,184.85

= (§ 5,000) (0.10) =

(1 —S){CRF); CRF = 1/PV.)’10y
OR (maintenance and

400.00

5;

500.00

i

1,000.00

operation)

1,000.00

operation)

$9,908.42

Total per year

Total per year $10,684.85
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ANALIZA INVESTICIONIH ODLUKA U USLOVIMA IZVESNOSTI,
RIZIKA I NEIZVESNOSTI

Jugoslav S, MILUTINOVICH
George J. TITUS

Rezime

U &anku se daje pregled, kao i komparacija razliditih tehnika ana-
lize investicionih odluka v uslovima izvesnosti, vizika i neizvesnosti.
Prednosti i nedostaci sveke pojedine tehnike razmatraju se u svetlu
pretpostavke i raspoloZivosti podataka.
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U oblasti analize investicionth odluka prinudeni smo da se pome-
ramo od izvesnosti ka neizvesnosti. Ovo pogdlevy vafi-za analizu inves-
ticionih odluka u tehnickim projektima. Ukoliko bolje poznaju koncepte
i tehnike analize investicionih odluka, inZenjeri i naulnici koji imaju
specijalistidko tehniko znanje mogu da daju bolje ocene i informacije
finansijskim analitiCarima odnosnoe preduzetnicima.

e T

e

HRONIKA — CHRONICLE

SAVETOVANJE O PROBLEMIMA EKONOMSKE STABILIZACIJE

Na Ekonomskom fakultetu u Beogradu odrZano je 14. decembra 1981.
nau¢no savetovanje posveéeno ekonomskoj stabilizaciji, a u znak seéanja na
krvave demonstracije protiv nenarcdnog veZfima 1940, godine. Udesnike ja
pozdravio dekan Ekonomskog fakulteta prof. Vojislav Kolarié koji je dstakao
da e ovakve rasprave o najznafajnijim pitanjima jugoslovenske privrede i
drudtva postati stalna praksa fakulieta. Ovaj datum ubduduée e se slavili
kao Dan Ekonomskog fakulieta u Beogradu i bide obeleZavan na ovakav ili
sli¢an mnatin, Zatim je prof. Radmila Stojanovié¢ evocirala uspomene na de-
monstracije od 14, decembra 1940. god. u kojima je i sama udestvovaia.

Uvodno dzlaganje na ovom savetovanju podneo je poipredsednik Savez-
nog Jzvrinog weda Zvone Dragan, Obradajudi se ufesnicima, on je maglasio
da medu jugoslovenskim ekonomistima poslednjih godina raste spremnost da
se neposredno angaZuju u ostvarivanju politike ekonomske stabilizacije. Eko-

. nomska nauka ne nudi nam samo teorijski »¢iste modele«, veé i &itav niz

konkretnih i efikasnih mera u pravceu dugorofnije politike ekonomske stabi-
lizacije. Buduéi razvoj naSe privrede, istakao je dalje potpredsednik Dragan,
mora podfivati na neinflatornim osnovama. Zbog foga je neophodna selekcija
razvojnih prioriteta, prvenstveno vefa orijentacija na izvoz, na proizvodnju
energije, sirovina I hrane na ospovu domadih dzvora, kao § na inostrani tu-
rizam i magistralni saobradaj. Mnogi problemi naSe privrede su dugorofni i
ne mogu nestati preko nodi, 3to se mora imati u vidu u ostvarivanju stavova
iz Rezolucije za 1982. godinu, smaftra potpredsednik Dragan. Uzroci mmogih
problema su interni a vezani su sa neuskladeno$éu ponude i traZnje, sa ne-
dovoljnom produktivno$éu rada i predimenzioniramom polroinjom., Osnovni
pravel promena u narednoj i sledeéim godinama, prema misljenju Dragana,
bili bi sledeéi:

1) ofanzivmi izvoz s posebnom orijentacijorn nm konwvertibilno trZiste, se-
lekcija uvoza i smanjivanje deficita plainog bilansa,

2) snfiZavanje stope inflacije, pre svega, ekonomskim merama, ali i drust-
venom kontrolom cena.

3) podizanje stope produkiivnosti rada i stope privrednog razvoja,

4) svodenje finalne poiroSnje ma reaini nivo uz oduvanje realnog li¢nog
dohotka i selekcija investicija,

5) dalja dogradnja i razvoj mehanizma ekonomske politike.

Akademik Branislav So¥kié¢ je istakao da samoupravijanje najpotpunije
dolazi do izraZaja u irziSno-orijentisanoj socijalisti¢koj privredi. TrZidna ori-
jentacija masSe privrede je meophodna, ali i aktivna ekonomska politika protiv
recesije, nezaposlenostl, inflacije, monopola, jer trfite ne moZe na svim po-



