METHODS OF EVALUATING
ALTERNATIVE ROAD PROJECTS

By Martin Wohl and Brian V. Martin

1. INTRODUCTION

This paper is concerned with the methods of analysis used to evaluate mutually
exclusive investment decisions. It is based on one part of a chapter of a text, shortly
to be published, in which the empbhasis is directed towards the evaluation of altern-
ative highway and traffic engineering designs.! Each of the methods described and
compared is well known, often used (both correctly and incorrectly) and often mis-
understood, particularly by engineers and not infrequently by economists. Our pur-
pose is to compare these techniques and to illustrate the difficulties and dangers
involved in their use, some of which do not appear to be well known to those using
the techniques most frequently. The article is written in the context of American
experience and literature, since this would be the most accessible to our original
readers.? ,

Interest rates and risk are so fundamental to any economic analysis that rather
than omit any reference to them we have included a few comments in the space
available. We recognise however that several aspects of this important part of the
problem are not mentioned.

2. INTEREST RATES FOR PUBLIC INVESTMENT

Economic evaluations should recognize the importance of the ability of money to
earn income over time. This factor is reflected in the use of interest rates in economic
analysis. That an interest rate should be used is perhaps axiomatic to an economist.
Nevertheless, in the United States many public investment decisions are made with-
out an interest rate being used in the supporting analysis. It is often strongly argued
the the interest rate should be zero for public investment decisions, particularly for
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many highway investment decisions at a State level. A survey in 1963 revealed that
of 50 State Highway Departments 459, used 0%, 229, used interest rates between
2 and 319, and 339, used interest rates between 4 and 79%,.3

Richard Zettel comments on these matters as follows:*

“Because a large amount of highway financing in the United States is done on
a ‘pay-as-you-go’ basis (that is, without borrowing and without actual outlays
for interest), some confusion has arisen regarding the computation of interest
costs. Yet, when individual projects or variations of a specific improvement
involve different sums and different periods for capital recovery, any compar-
isons which exclude interest would be highly misleading. Quite obviously an
‘opportunity’ cost should be attached to each possible use of the money, since
it will not be available for other purposes.

The proper recognition of interest costs is even more important in appraising
the economic costs of the highway programme [sic] as a whole. Here the decision
involves the drawing of resources from all other possible public and private uses.
The funds so taken might have been invested in other productive endeavours
[sic], in which case they would have yielded a return. Or they might have been
taken from consumption channels, in which case the people are required to
forego immediate satisfactions and the time preference cost should be recog-
nized.”

The American Association of State Highway Officials (AASHO) makes the fol-
lowing comments in its Red Book,* which is a general reference for highway en-
gineers:

“Reports of authoritative groups . . . support the inclusion of interest, even on
invested capital whick is not borrowed money. It seems conclusive that interest should
be included in analyses regardless of the method of financing because interest
will be charged if the highway agency borrows money or the money could be
loaned with interest (being paid) if the highway agency has a cash surplus. In
the latter case the loss of potential income would exactly balance the required
payment in the first instance.”

The AASHO Red Book, while recognising that an interest rate should be used in
an economic analysis of highway improvements, does not discuss the principles to
be used in assessing what is an appropriate interest rate. This problem has been
examined in more detail in connection with public investment in water resources.
The principles stated in the Green Book for water resources are equally appropriate
for highway or transport investment. These principles are summarized in two of its
paragraphs:6 '

3David M. Glancey, “Utilization of Economic Analysis by State Highway Departments”. Highway
Research Record No. 777, Highway Research Board, Washington, D.C., 1965.

4Richard M. Zettel, “Highway Benefit and Cost Analysis as an Aid to Investment Decision”.
Institute of Transportation and Traffic Engineering, University of California, Reprint No. 49.

SRoad User Benefit Analysis for Highway Improvements. American Association of State Highway
Officials, Washington, D.C., 1960, page 55.

Proposed Practices for Economic Analysis of River Basin Projects. Report to the Inter-Agency Com-
mittee on Water Resources, Washington, D.C., May 1958, pages 22 and 24.
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“Prevailing interest and discount rates for loans and investments usually reflect
both the ‘time’ and ‘risk’ elements. . . . It would be expected, however, that the
total allowance for risk and interest appropriate in the analysis of a Federal
project would be comparable with such allowance for private undertakings in-
volving similar risk, uncertainty, and longevity.”

“The minimum interest rate appropriate for use in project evaluation for
converting estimates of benefits and costs to a common time basis is the risk-
free return expected to be realized on capital invested in alternative uses. At a
given time this rate is the projected average rate of return, i.e. yield, expected
to prevail over the period of analysis, in the absence of inflationary or deflation-
ary changes in the general price level, on such relatively risk-free investments
as long-term government bonds. . . . If it is found impracticable or impossible
to make the estimates of project effects on a risk-free basis, the risk allowance
would have to be accounted for by an increment in the interest or discount rate
applied to deferred effects.”

Suffice it to say that we feel an interest rate must be used in a proper economy
study, and that it should be a realistic value. The fact that important public decisions
are sometimes made with very low interest rates (and zero is not uncommon) can
only be a matter of concern for both engineers and economists. What constitutes a

realistic value for an interest rate must depend upon the individual circumstances. -

There is probably some merit, though, for public investment, in using the same
(riskless) rate of interest, at any time, for all decisions in connection with, say, high-
way investment. In the United States most authorities at the present time conclude
that this lies between 5 and 7 per cent.

In most investment or design situations the decision maker must make decisions
in the face of inherent uncertainties about the proposed project. That is, in deciding
whether to commit resources or funds the designer must usually estimate, or guess,
what the cost and benefits will be on an uncertain basis, either because of lack of
information or because of certain unpredictable aspects. For example, benefits from
highway construction may be dependent upon population growth, continued expan-
sion of the economy and other similar variables of which the future values cannot be
predicted with complete accuracy or certainty.

Problems involving “doubt” or “unpredictability” fall, by definition, into two
classes and are generally categorized as problems of risk or uncertainty. The distinction
between the two terms is that:

Problems of risk are those in which the future outcomes or consequences have
a known probability of occurence; thus, while the chances of a particular out-
come may be known, no assurance can be given that any particular outcome
will take place.

Problems of uncertainty are those in which even the probabilities of the future
outcomes or counsequences are unknown and can only be determined sub-
jectively.

How these aspects are treated in the economic analysis is still debated by many
economists. A not uncommon practice is to inflate the interest rate several per cent.
For example, Hirshleifer ¢t al. suggest that 4 to 5 per cent would be an appropriate
riskless discount rate for many government investments in the United States, but that
10 per cent would be more appropriate for investments in public water resources if
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the discount rate is to reflect the risks of incorrectly estimating the project benefits
and costs.” While this procedure is certainly convenient, and better than ignoring
the problem altogether, it does not permit a direct examination of the items causing
uncertainty in the decision. This can be done either by making a series of alternative
estimates of the benefits and costs, and examining the effect on the ranking of altern-
atives, or by computing explicit probabilities of the various outcomes, constructing
payoff tables and computing expected values for different courses of action.

3. METHODS OF ECONOMIC ANALYSIS

Each of the four principal techniques for analysing highway and transport invest-
ments (annual cost, benefit-cost ratio, rate of return and net present value) will be
described both qualitatively and analytically, and they will be compared and eval-
uated in terms of validity, strength and weakness.

For these purposes, we first define a set of symbols which pertain to the total costs
and benefits associated with any particular system or project.® The items of cost
associated with a project or alternative are:

CFGC,,, — capital costs (for project y in year f) for facility (roadway) construc-
tion, land acquisition, social dislocation, and the like;

CFO,,; — continuing costs for facility operation and maintenance costs (for
project y in year ¢);

CVG,,; — capital costs for vehicles and their terminal facilities (for project y
in year t);

CUT),,; — continuing travel time, discomfort, and inconvenience costs for users

(for project y in year f); and
CVO,,; — continuing costs for user vehicles and terminal facility maintenance
and operation (for project y in year ¢).
Similarly, the items of benefit associated with a project or alternative are:

BUN,,; — non-perceived user travel value or benefit received by users from
making trips (for project y in year ¢);

BUM,,; — perceived user travel benefit received by users from making trips
(for project y in year ¢); and

BOM,,; — other non-user revenues received as a result of project y (in year ¢),
such as intergovernmental transfers or concession revenue.

3.1. Annual Cost Method

With the annual cost method, the capital costs generally are placed on an equiva-
lent annual basis (to include principal and interest) and then added to the continuing
facility and user operating and travel costs, after the travel volume has been placed

TJack Hirshleifer, James de Haven, and Jerome Milliman, Water Supply Economics, Technology, and
Policy. University of Chicago Press, 1960, Chaps. 6 and 7.

81t is not the object of this article to discuss what should be included as a benefit or cost, but to
make the comparison of methods it is necessary to state one approach to the problem.
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on an equivalent annual basis. Alternatively, one may characterise the annual cost
method as the sum of the discounted costs.

Money payments in different years are placed on a proper time basis by the inclu-
sion of interest (foregone) on capital. Once all alternative projects, including the null or
do-nothing possibility, have been analysed and their annual costs computed, the project
of lowest total annual cost is selected as the most desirable — everything else being equal.

Analytically, the annual cost method may be expressed as follows:?
[TAGy]i = (crfing) (CFGy,) + CFOyz

+ (crfiny) (GVGy,) + CVOy,; + CUT,, (1)
where:
[TAC,,;]: = Equivalent annual costs for project y during the ¢th year, using
an interest rate of ¢
n = service life of facility (or period of analysis)

representative year during the service life # or that year having
“equivalent annual® costs

np = service (or replacement) life for facility capital items

ny = service life for vehicle capital items
crf,',,,x = capital recovery factor at an interest rate of ¢ and for a life of n,

It should be noted that benefits are not considered in the annual cost method.
Since from any investment benefits accrue which are of concern to the investor, a
decision made without consideration of the benefits invariably assumes that the benefits
JSrom all alternative investment projects are the same. In other words, so long as the benefits
to be achieved from the various projects are identical, the cheapest project will be
best. However, in the more usual or typical case where volume will increase as the
traffic service improves (particularly so long as the present-day petrol and excise tax
policies continue), neither the volumes nor the benefits for alternative projects will
be equal; thus the total annual cost method can give incorrect results and lead to
improper decisions. Since the conditions under which the annual cost method gives
correct results would appear to be remote, this method is ruled out as a general tool
for economic analysis.

I

3.2. Benefit-Cost Ratio Method

The benefit-cost ratio method (usually called the cost-benefit method by British
writers) has been defined in various ways, and thus confusion has arisen in practice.
When two projects are compared, the associated benefit-cost ratio could appropri-
ately be defined as the ratio of the additional benefits achieved by the more costly
project to the additional capital and continuing costs incurred for the more costly
project, all costs and benefits being placed on an equivalent annual basis.!? (As in
the annual cost method, it is necessary to specify the discount rate or rates.) Since
the interest rate is defined as the opportunity cost of capital or minimum attractive
return on capital, no expense or increment of expense will be justified which has a
benefit-cost ratio of less than one (1.0).

9This formulation, one common to highway engineering literature, assumes implicitly that the
capital costs are initially committed in year o (i.e. at the present) and that the assets are replaced
periodically at the end of their service lives.

10T his definition is common to highway engineering practice.
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Analytically, the highway engineer’s definition of the benefit-cost ratio may be ex-
pressed as:
(BUNj; + BUM;,; + BOM; ;) — (BUNg,i + BUM,i + BOMy,p)

3

[TAC;,i]i — [TACk,i]: (2)

[BCRjxi]i =

where
[BCRy,i]i = benefit-cost ratio of project j as compared to project £, using
equivalent annual costs and benefits for the ¢th year and an inter-
est rate of ¢.
For simplicity, let
[TAB, ;] = equivalent annual benefits for project y for the ¢th year at a dis-
count rate of 7.
Then
[TAB,,i]: — [TABg,]:
[BCRjx,i]i =

[TAG),i]i — [TACk;i]:

This formulation of the benefit-cost ratio is different from that sometimes appear-
ing in the highway engineering literature; specifically, many highway engineers
include only reductions in user costs as benefits in the numerator, and restrict the
denominator to differences between highway costs (capital and operating).

The highway engineer’s definition of the benefit-cost ratio differs from that of
the economist in some important respects. According to the economist, benefit-cost
ratios are first computed separately for each project. Second, incremental benefit-
cost ratios are computed for the incremental effects of increasingly higher cost proj-
ects. Third, the economist usually computes these ratios on the basis of discounted
rather than equivalent annual costs and benefits; however, it should be noted that
these ratios will be identical whether one uses discounted or equivalent annual costs
and benefits.

Using equivalent annual costs and benefits, the benefit-cost ratio for a single proj-
ect (say, the jth project) would be:

(BUN;; + BUM;; + BOM,7)
[BCRi]i = : (3)
[TAG]:
The ratio shown in equation (3) will permit evaluation of overall projects, and that
shown in equation (2) will permit evaluation of incremental effects.

To determine the economic feasibility of projects, the benefit-cost ratio should be
computed, using equation (g), first for the lowest cost project and then for each
alternative of successively higher cost. All projects which demonstrate a benefit-cost
ratio equal to or greater than one can be regarded as suitable, economically, and will
provide economic returns at least as high as the discount rate (which presumably
was set at the opportunity cost of capital or minimum attractive return).

Determining the best alternative, though, also requires computation of the benefit-
cost ratio associated with increments of expenditure for increasingly higher cost pro-
jects which satisfied the first test; equation (2) can be used for computing these incre-
mental benefit-cost ratios. Once the benefit-cost ratios for both the entire expenditure
and the increments of expenditure have been computed, that project of highest cost
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whose overall and incremental benefit-cost ratios are both equal to or greater than
one will be selected as the most desirable or economic.

3.3- Rate-of-Return Method

In recent years the rate-of-return method has received much attention in the
highway engineering economy literature and has contributed greatly to the quality
of economic analyses.

The economist would define the rate of return as ‘“‘that rate of discount which
reduces a stream of cash flows to zero”,!! or as ‘“‘the rate of interest at which the
present value of expected capital outlays is exactly equal to the present value of
expected cash earnings on that project”.1? To place this in a general benefit and
cost context, the rate of return would be that discount or interest rate at which the
present value of both present-day and future benefits is just equal to the present
value of both present-day and future costs.

An engineer, by contrast, might define rate of return differently, and state that
“the rate-of-return method involves finding the interest rate at which two alter-
native solutions to an economy problem have equal annual costs or present worths.
The first step is to find the rate of return on each proposed investment as compared
with the solution that requires the least capital outlay, which often is the status quo.
... Next the rate of return is computed on the increase in investment between pro-
posals having successively higher first costs.”13

There are important differences between the rate of return method as applied by
the economist and as applied by the engineer; these will be explained in detail later
in this section. Furthermore, the techniques as outlined by the engineer are not
sufficiently generalized to apply to all cases, but appear to apply because of special-
ized assumptions often used in the examples to demonstrate the method.

There are two ways of computing 7, the rate of return.

(1) Equivalent annual benefit and cost procedures : The rate of return, r, for project y
is that discount rate which will satisfy the following equality:14

TAG,;; = TAB,, or )
(crf,,,,f) (CFGCy,0) + CFOy; + (crf,,,,v) (CVGy,0) + CVO,; + CUTYy
= BUN,; + BUM,; + BOM, ;. (5)

(2) Discounted benefit and cost procedure : The rate of return, r, for project y is that
discount rate at which the present value of all expected costs just equals the present
value of all expected benefits, and is the interest rate which satisfies the following
cquation:

HYames H. Lorie and L. J. Savage, “Three Problems in Rationing Capital’. The Management of
Corporate Capital, edited by Ezra Solomon. The Free Press of Glencoe, New York, 1964.

2Ezra Solomon, ‘“The Arithmetic of Capital Budgeting Decisions” (op. cit.)

B3Clarkson Oglesby and L. Hewes, Highway Engineering. John Wiley and Sons, New York, second
edition, 1963, page 86. But we would interpret “capital outlay” and “investment” more broadly and
would include all cash expenditures over the analysis period.

14Equation (5) applies, as presented, only for the case when the initial capital costs CFC,,, and
CVC, ., arc made during year o (i.e. when t=-0), and assumes periodic replacement thereafter. Equa-
tion (6) however, is valid in all cases.
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n
> (pr,r,t) (CFC_y,t + CFOy,t + CVCy,t -+ CVO);,; -+ CUTy,t) =
t=o0
n
Z (pwf'r,y) (BUN,,: + BUM,;,; + BOM,,s), (6)
t=o

where pwf’;; is the present worth factor, and = is the period of analysis. (Sometimes
n is assumed to be equal to the least common multiple of the service lives of the
projects being compared, or to be equal to the longest service life of any capital
item of all projects being analysed.)

Of these two procedures for determining the rate of return the second seems more
useful and simpler to compute. In any further discussion, the discounted benefit-cost
procedure will be considered to be common practice, as it usually is among econ-
omists.

Perhaps the most complete explanation of the decision-making criteria for the
rate-of-return method is given by Lorie and Savage:!3

“1. Compute the rate of return for that investment proposal, among the set of
mutually exclusive proposals, requiring the least initial net outlay.

“2, If the rate of return on the investment requiring the smallest outlay ex-
ceeds the firm’s cost of capital (or other cutoff rate), tentatively accept that
investment. Next compute the rate of return on the incremental outlay needed
for the investment requiring the second lowest outlay. If that rate exceeds the
firm’s cutoff rate, accept the investment requiring the greater outlay in prefer-
ence to that requiring the lesser. Proceed by such paired comparisons (based on
rates of return on incremental outlay) to eliminate all but one investment.

“g. If the rate of return on the proposal requiring the least outlay does not
exceed the firm’s cutoff rate, drop it from further consideration, and compute
the rate of return for the proposal requiring the next least outlay. If that rate
exceeds the firm’s cutoff rate, that investment proposal becomes the bench mark
for the first paired comparison. If that rate does not exceed the firm’s cutoff
rate, drop that proposal for further consideration. The process just described is
to be repeated until either a proposal is found with a rate of return exceeding
the cost of capital or until all proposals have been eliminated because their rates
of return do not exceed the cutoff rate.”

The above interpretation of the rate of return method differs from that often used
by the engineer. More specifically, the engineer often notes that . .. the first step
is to find the rate of return on each proposed investment as compared with the solution
that requires the least capital outlay, whick often is the status quo.”’1® [Our italics.] This
latter usage differs markedly from that of the economist, and if strictly adhered to
would not require analysis of the rate of return for the lowest cost alternative (whether
it be an existing facility or the lowest-cost entirely new project). Obviously, this
implies that neither the existing facility nor the lowest cost entirely new project
(where there is no existing facility) can be abandoned, and it implies that the lowest-
cost alternative is always economically feasible. Clearly these assumptions are not

15Lorie and Savage, op. cit., pages 65 and 66.
160glesby and Hewes, op. cit., page 86.
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always valid, and the engineer’s interpretation must be rejected in favour of that of
the economist.

3.4. Net Present Value Method

With the net present value (or net present worth) method, present and future costs
and benefits are discounted to the present and summed and the difference between
the two sums computed; the appropriate opportunity cost of capital or minimum
attractive return is used as the interest rate for discounting the future cost and
benefit streams.

Net Present Value =Sum of Discounted Benefits minus Sum of Discounted Costs

n
— % (pwf'i) (BUN,, + BUM,, + BOM,,))
t=0
n
— X (pwf’iy) (CFCy,¢ + CFO,; + CVCy, + CVO,,; + CUT,,), (7)
t=0

where 7 is the period of analysis.

No project having a net present value less than zero is acceptable with this analysis
method, and the project of highest net present value will be the most desirable among
mutually exclusive alternatives.

4. SALVAGE VALUE AND TERMINAL DATE OR
SERVICE LIFE PROBLEMS

‘Two other features of economic analysis deserve particular attention, namely, salvage
value and the analysis period.

Alternative investments can be properly compared only by examining the circumstances of cost
and benefit over the same time period or time span. If short and long life investments are
being compared, the analysis is not complete unless it also considers the investment
and income possibilities after the shorter life project is terminated (since the longer
life project still continues and therefore may continue to produce income). This prob-
lem of differing terminal dates or service lives may be handled in a number of ways.

(1) It may be assumed that the projects will be perpetual and thus that the facility
will be renewed and replaced periodically (according to the assumed service lives).
While this assumption may be a convenient one, it hardly appears to be entirely
valid. In any case, if this assumption is made, it should be stated explicitly.

(2) The costs and benefits are analysed over a time period equal to the “least
common multiple” of the lives of the projects. During the time period all items of
capital with service lives shorter than the time period are rencwed as often as their
respective service lives end. The advantage of this method of handling the problem
is simply that it eliminates the necessity of dealing with salvage values; that is, the
end of the analysis, or terminal date, corresponds to a date when the capital of all
projects is fully depreciated and (presumably) has no salvage value.

(3) Set the time period of analysis equal to the service life of the project of longest
life, and use this time period for analysing all projects. However, in this casc it may
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be necessary to account for the salvage value of some capital items and it will be
necessary to take account of the reinvestment possibilities for capital recovered from
non-renewable projects with lives ending before the terminal date.

(4) A final possibility is that any (arbitrary) reasonable time period of analysis
may be selected and that all cost and income circumstances (including salvage, re-
investment of earnings, etc.) are properly accounted for in all projects during that
period.

Salvage values can be incorporated into any of the techniques. For the methods
which use discounted costs and benefits (the net present value method and the rate of
return method), an additional negative term must be added to the cost side of the
equation, as follows:

m
Discounted Salvage Value = X (pwf’is) (Syx), (8)
X=I
where
Sy,x = salvage value of the xth capital item of project y at the terminal date
(n years) and interest ¢; and
m = number of capital items of project y having a salvage value in the nth
year.
For those methods using equivalent annual costs and benefits, the negative cost
term will be:
m
Salvage Value = X (sfl;n) (S).4), (9)
X=1I
where
sffi,» = sinking fund factor at interest ¢ and at nth year
i
- (10)
(1 4 1)1

5. CRITIQUE OF ECONOMIC ANALYSIS METHODS

The four principal methods for choosing among mutually exclusive alternatives were
described in the previous section, and in the remainder of this article we shall en-
deavour to compare and evaluate these techniques, noting the difficulties with regard
to both economic principles and computation.

We have already rejected the annual cost method, since it fails to apply when the
benefits of the alternative projects are not identical, and since they very seldom are.

The benefit-cost ratio method is also undesirable, for three major reasons:!7

1. It is not used on any widespread basis and is not well understood except by
water resource and highway enginecring personnel; thus decision makers or policy

"For a full discussion of the technical difficulties associated with this method and its many inter-
pretations and applications, see Roland McKean, Efficiency in Government Through Sysism Analysis, John
Wiley and Sons, New York, 1958, chapter 7.
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makers, who more often than not will be unfamiliar with benefit-cost ratio techniques,
may well fail to grasp the meaning of the economic analysis results presented to them;

2. The benefit-cost ratio, by itself, has little significance, and its relative value
therefore is difficult to understand and interpret. The difference between two pro-
posals having ratios of 1.05 and 1.10 is not clear compared with differences between
discount rates or rates of return; .

3. The benefit-cost ratio is arbitrary on such questions as whether cost reductions
or savings should be called benefits or negative costs, and whether highway mainten-
ance cost reductions should be included in the denominator or numerator, and so
forth.

Since most of these objections do not apply to the present value or rate of return
techniques, in our judgment the benefit-cost ratio method should be rejected in
favour of either the rate of return or the net present value method.

The differences between the net present value and rate of return methods of
economic analysis, in terms of suitability and unambiguity, are subtle and not well
understood ; they relate mainly to aspects which usually have been explored only by
the economist.

First, in a comparison between the net present value and rate of return methods,
it can be said that the net present value method will always give correct economic
decision-making answers or results, while in some situations the rate-of-return method
can give ambiguous answers.!8

An additional advantage of the net present value method is that all costs (and
benefits) are stated in present-day terms and thus are uninflated by interest which
will accrue in the future. For example, consider the present value (which measures
the real cost of the project for today’s decision makers) of a system which will require
$100 million to be spent in equal amounts, year by year, over the next ten years;!9
in such a case, the present value and more realistic present-day cost to be considered
would be $73.6 million, assuming a 6 per cent discount rate. It would be $61.44 .
million with a 10 per cent interest rate. In short, balanced against present-day
values and comparative costs, the $100 million cash flow costs would appear inflated
to the decision maker.

But the rate of return has the distinct advantages of being easier to understand
and more widely understood, at least by the business world, since it is equivalent
to familiar business terms and concepts such as “effective yield” and “internal rate
of profit.”

An important computational advantage of the net present value method — as com-
pared to the rate-of-return type of analysis — is that the present value of increments
of investment between successively higher investments can be determined simply by
inspecting the net present value of the investments themselves. If the net present
value either stays the same or increases as the investment increases, then the net
present value of the increment of investment must be equal to or greater than zero

180ne problem arises, for example, in situations where increases in the discount rate do not produce
steadily decreasing present values for certain proposals; while this would not appear to be typical or
to occur frequently on highway projects, Lorie and Savage point out that it can occur and can result
in multiple rates of return and hence ambiguous results.

9For simplicity, assume that the first payment is to be made at the end of one year from present,
and each payment thereafter will follow the previous one by exactly one year.
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and thus must be acceptable. Consequently, no added computations are necessary
beyond the calculation of net present values for the alternatives. But with the rate-
of-return method one cannot be sure that the rate of return to be obtained from
increments of investment will be equal to or greater than the cost of capital without
actually carrying out the additional computations. Thus computation will be more
difficult with the rate-of-return method than with the net present value method.

But — and this is more important — the rate of return will not necessarily provide correct results
(as will the net present value method) for choosing among mutually exclusive projects which have
different lives or terminal dates unless the rates of return for all alternatives are calculated on the
equivalent yield over the same time period of analysis applied to all alternatives and unless the
reinvestment of earnings generated during the period of analysis is properly accounted for20 The
importance of these points cannot be overstated.

The problem arises because reinvestment aspects are generally handled implicitly
and because the two analysis techniques treat reinvestment in different ways in the
absence of explicit recognition about reinvestment. Indeed, Solomon has noted that?! “If a
common assumption is adopted about the reinvestment rate for funds freed prior to
the end of the time period of analysis, both approaches will always rank projects
identically”.

The problem involves the use of earnings which are released before the end of the
analysis period. For example, are they reinvested at the cost of capital, or are they
reinvested in some other project having a rate of return different from that of the
initial project? If no explicit mention is made of the reinvestment rate, the adoption of the
rate of return or net present value criteria would imply that the following assump-
tions were made:

1. Rate of return: To use the rate-of-return criterion is to assume in certain cases
that the reinvestment rate for all earnings or funds freed before the terminal
date of the longer-lived project will be higher than the cost of capital. For
example, for a project having a higher rate of return but a lower net present
value than the next best one, to use the rate of return criterion is to assume that
the reinvestment rate will be high enough to increase the net present value of
the project of highest rate of return up to the level of the project having the
highest net present value. In the absence of an explicit statement to this effect,
there would be every reason to regard the above assumption as invalid. Further-
more, the computation of the rate of return for a project of life L implicitly
assumes that earnings produced before the end of that life are reinvested at a
rate equal to the rate of return for the remainder of time during the life L. For
instance, for a project having a 10-year service life and having an internal rate
of return of 12 per cent, this method implicitly assumes that the earnings pro-
duced at the end of year 4, say, would be reinvested at the rate of 12 per cent
per annum for the remaining 6 years. Clearly, there is no particular reason to
suspect that the project internal rate of return and the reinvestment earnings
rate should be equal.

2. Net Present Value: ‘“The net-present-value approach, as usually defined,

20E, L. Grant and W. G. Ireson make the former point in Example 8-6 in Principles of Engineering
Economy, The Ronald Press, New York, 1960, but a more lengthy discussion of both points can be
found in Solomon, op. cit., pages 75-77.

21Solomon, op. cit., page 76.
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assumes that the funds obtained from either project can be reinvested at a rate
equal to the company’s present cost of capital . . .”’22
That the two analysis methods can give conflicting results can be illustrated by
examining two numerical examples, as shown in Tables 1 and 2. In the first case,
shown in Table 1, assume that the analyst is choosing between two (mutually ex-
clusive) alternative projects, one having a 10-year life and a capital outlay of
$400,000, and the second having a go-year life and a capital outlay of $1 million;
also the discount rate (opportunity cost of capital) is assumed to be 6 per cent. both
at present and in the foreseeable future. In the second case, shown in Table 2, two projects
of equal capital outlay but with different service lives or terminal dates are com-
pared.
In the comparison of projects A and B in Table 1, project B would be judged as
the “better” alternative of the two according to both the rate-of-return and net
present value methods. While the 7 per cent rate of return for project A is higher

Table 1. Comparison of (Mutually Exclusive) Project Alternatives
Having Different Service Lives and Capital Outlays

Project Alternatives

(Opportunity) Cost of Capital

Annual Project Earnings at End of
Each Year Till Project Terminal
Date

Net Present Value* (at Cost of
Capital) during Project Life

Rate of Returnt

69, per annum

$56,951 (per year for
10 years)

$19,159 (for 10-year

costs and earnings)

7% OVer 10 years

A B
Project Service Life (or Terminal 10 years 30 years
Date)
Capital Outlays at Year o $400,000 $1,000,000

6%, per annum

$76,577 (per year for
30 years)

$54,082 (for go-year

costs and earnings)

6.5% over 30 years

*Discounted earnings minus discounted costs over service lifé. Salvage value at end of service

life assumed to be zero.

tSometimes called the ““internal rate of return” or discounted rate of return. Also, the rate of
return figure shown, and as normally calculated, assumes that earnings are reinvested at an equal

rate during the remainder of the project life.

22Solomon, op. cit., page 76.
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than the 6.5 per cent rate of return for project B, we must recall that both projects
have a return that is at least as high as the cost of capital and that the additional
capital or investment required by project B has a return that is higher than the cost
of capital; thus, in spite of a lower overall rate of return, project B with its higher
capital outlay must be judged the superior investment (according to the criteria
outlined earlier).

Even though both rate-of-return and net-present-value criteria indicated that
alternative B was the “better” of the two projects, it must be emphasised that the
set of underlying assumptions was conflicting. To be specific, let us examine the cir-
cumstances for project A. For this project, the net present value method implies that
the annual earnings when reinvested carn 6 per cent — not only during the remaining
years of the 10-year project life but thereafter as well; thus, the net present value at
the end of either 1o or 30 years will be $19,159. However, for the rate-of-return
method, it is implied that the annual earnings which are accrued before the end of
the 10-year project life are reinvested at a (reinvestment) rate of 7 per cent until the
end of the project life — an assumption which conflicts with the 6 per cent reinvest-
ment rate used for computing the net present value for the ro-year project. Clearly,
the same reinvestment assumption should be used for computing both sets of values;
thus, either the net present value should be increased to reflect an assumed 7 per cent
rate of reinvestment or the rate of return should be decreased to account for the fact
that the reinvestment rate was only 6 per cent. Analysts seldom make the necessary calcu-
lations to account for these reinvestment differentials — thus they permit situations to develop
where the reinvestment assumptions are inconsistent and where misleading conclusions can be
drawn from the rate-of-return criterion. (For this example, the additional calculations
will not be made, as they are fairly tedious; however, a third example in section 6
will deal with this aspect.)

The ambiguities which sometimes confront the analyst using the rate-of-return
method can be illustrated by comparing two projects of equal capital outlay but
different service lives (or terminal dates); see Table 2. In the example shown the
rate-of-return method, as it is usually defined, would lead to the selection of project
C, while the net present value method would result in the selection of project B. To
adopt the rate-of-return approach in preference to the net present value method
(a policy we do not recommend) would be to assume that the reinvestment rate for
the earnings of project C until the goth year would be higher than 6 per cent and
would be large enough to increase the net present value from $47,895 to $54,082.
(The reinvestment rate has to be higher than 6 per cent, or the cost of capital, if the
net present value is to be increased.)

In this case, the inconsistency can be avoided in one of two ways. First, if the 6
per cent cost of capital is deemed to be an appropriate figure for the entire go-year
period, it must be assumed that the reinvestment rate for funds released before the
go-year terminal date will also be 6 per cent. Therefore, if the rate of return for
project C is computed over the entire go-year period, rather than over the first 10
years, it will result in an overall go-year rate of return of less than 6.5 per cent. Thus
the criteria of both the rate of return and the net present value methods indicate
the preferability of project B.

Or, second, if it seemed reasonable to expect a reinvestment rate or set of rates
different from the 6 per cent cost of capital, the cost of capital figures to be used for
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Table 2. Comparison of (Mutually Exclusive) Project Alternatives
Having Different Service Lives but Equal Capital Outlays

Project Alternatives

(Opportunity) Cost of Capital

Annual Project Earnings at End of
Each Year Till Project Terminal
Date

Net Present Value* (at Cost of
Capital) during Project Life

Rate of Returnt

6%, per annum

$76,577 (per year for
30 years)

$54,082 (for go-year

costs and earnings)

6.59%, over 30 years

B C
Project Service Life (or Terminal 30 yéars 10 years
Date of Project)
Capital Outlays at Year o $1,000,000 $1,000,000

6% per annum

$142,377 (per year
for 10 years)

$47,895 (for 10-year

costs and earnings)

7% over 10 years

*Discounted earnings minus discounted costs over service life. Salvage value at end of service
life assumed to be zero.

tThe rate-of-return figure shown, and as normally calculated, assumes that earnings are rein-
vested at an equal rate during the remainder of the project life.

discounting and computing the net present value should be changed accordmgly and
the net present value totals recomputed.

Of course, either procedure will result in the same project selection so long as the
same assumptions are used on reinvestment and analysis periods. But, since identical
reinvestment rate and analysis period assumptions are seldom made by the analyst,
engineers are strongly urged to adopt the net-present-value method in preference to
the rate-of-return method.

6. CONCLUDING REMARKS AND EXAMPLE ANALYSIS

This article has discussed several important issues pertaining to methods of economic
analysis, some of which may appear subtle and of little relevance to the practising
engineer. However, by way of summarising some of these principles, another
example is included.?3

23This example was first brought to our attention by Professor Julius Margolis of Stanford Univer-
sity, and later was found to be covered in the Bierman and Smidt book, The Capital Budgeting Decision.
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Assume that two alternative projects will each require initial outlays of $100 (at
year 0) and will each last two years (before renewal, replacement or abandonment) ;
for convenience, assume that we have no information or analysis which permits know-
ledge of the circumstances following the end of the second year. The annual earnings
during the first and second years of the two projects (for convenience we will assume
that the earnings for each year accrue at the end of that year) will be as shown in
Table g. Also, the (discounted) internal rate of return and net present value figures
for the two projects are included in the tabulation.

For these calculations, the cost of capital (i.e. opportunity cost of capital) was
assumed to be 5 per cent over the two-year period. Thus, other investment or rein-
vestment opportunities in the present and over the two-year period under analysis
are assumed to provide earnings of 5 per cent per annum.

Using the rate-of-return criterion, project Y would appear to be the better or more
profitable, but project X would be the better if we used the net present value method.
Why the ambiguity? And which is the better alternative?

If the cost of capital is 5 per cent, and if no other statements or assumptions are
made with respect to the reinvestment rate for future earnings, alternative X is

Table 3. Project Analysis Calculations for Net Present Value
and Internal Rate-of-Return Methods

Project
X Y

1. Initial Capital Outlay (at year o) —3$100.00 | —$100.00
2. Annual Earnings or Benefits:

Accruing at End of Year 1 20.00 100.00

Accruing at End of Year 2 120.00 31.25
3. Discounted Internal Rate of Return for Two-Year

Period 20% 25%

4. Net Present Value for Two-Year Period $27.89 $ 23.58
5. Cost of Capital 5% 5%
6. Implied Reinvestment Rate for:

Net Present Value Method 5% 5%

Rate-of-Return Method 209, 25%
7. “Best” Project for Selection by:

Net Present Value Method X

Internal Rate-of-Return Method Y
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clearly superior. To understand this, let us determine the amount of capital we
should have on hand at the end of the second year. At year o, assume that we have
$100 in the bank (or reserve fund), which we withdraw in order to invest in altern-
ative X or Y; also, assume that our cost of capital is 5 per cent (i.e. other types of
investments which are available to us will pay interest of 5 per cent — no more, no
less). Also, given no other information, we can only assume that in_future years other
investments will provide earnings of only 5 per cent.

In this instance, for project X we shall have a total of $141.00 on hand at the end
of the second year (since the $20 earned at the end of year 1 was reinvested for one
year at 5 per cent, thus providing $21 by the end of year 2 plus the $120 annual
earnings for year 2). For project Y, we shall have a total of only $136.25 at the end
of year 2 (since the $100 earned at the end of year 1 was reinvested for one year at
5 per cent, thus providing $105 by the end of year 2 plus the $31.25 annual earnings
for year 2). Consequently, if we had adopted the rate-of-return criterion as our
decision-making rule and invested in project Y, we should have ended up at the
end of year 2 with less capital than would have been possible with project X. Or, to
put the matter another way, to use the rate-of-return criterion and prefer Y over X
would imply that the reinvestment earnings rate was higher than 5 per cent (e.g., in
this instance, the reinvestment rate would have had to be almost 11 per cent for
alternative Y to be preferable). But, in the absence of information, there is no reason
to believe that the reinvestment rate is different from the cost of capital. Furthermore,
if the reinvestment rate were different from the cost of capital, then necessarily the
cost of capital must be changed (to be equal to the reinvestment rate) and thus the
net present value figures should be changed accordingly.

As noted earlier, the rate of return as normally calculated implicitly assumes that the
reinvestment rate (over the project life) is equal to the calculated rate of return. In
essence, then, to adopt the rate-of-return criterion would be to assume that the re-
investment rate for project X would be 20 per cent and that for project Y would be
25 per cent. (It would appear illogical to expect different reinvestment earning rates
for mutually exclusive projects; thus, on these grounds alone, the rate-of-return cri-
terion has shortcomings.) Given these reinvestment rates, the total accumulated earn-
ings at the end of year 2 would be $144 for project X and $156.25 for project Y.
Discounting these total earnings figures at the cost of capital (or 5 per cent), and
subtracting the initial capital outlay, the net present value totals would be $30.61 for
project X and $41.72 for project Y. In this case, since the same reinvestment
assumptions have been made for both alternatives, both criteria would selcct project
Y as better.

However, it would seem more appropriate to re-calculate the ratc of return while
assuming that the reinvestment rate for both projects is equal and that it is equal to
the cost of capital; that is, a ‘“‘corrected” rate of return should be calculated while
assuming that the reinvestment rate for both projects was 5 per cent. In this instance,
it would be necessary to determine the discount rate for which the total accumulated
earnings (after reinvestment) when discounted would just equal the discounted
capital outlays. Earlier we computed the total accumulated earnings (at the end of
2 years) for a reinvestment rate of 5 per cent; they were $141.00 for project X and
$136.25 for project Y. For this case, the “corrected” rate of rcturn would be 18.74
per cent for project X and 16.73 per cent for project Y; the net present value figurcs
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would be as shown in Table 3. Again, since the same reinvestment assumption was
made for both criteria, an unambiguous result would be forthcoming and project X
would be selected as the better.

Since the analyst seldom if ever makes the necessary additional calculations to
ensure that similar reinvestment rates are used, it would seem apparent that the
simplest and most reliable way to avoid ambiguous and often misleading decision-
making conflicts would be to adopt the net present value method of economic
analysis. The method is more straightforward than the rate-of-return method; re-
investment is handled in an explicit and simple fashion; and trial and error calcula-
tions are avoided. More important, an improper and ambiguous answer is im-
possible.
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