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PREFACE 

This report merely serves to introduce the subject of system 
evaluation. The f i rs t chapter establishes the framework for 
evaluating alternative engineering designs and defines the ma­
jor aspects of analysis which affect system evaluation; further, 
emphasis is placed on policy and judgmental issues and on sys­
tem interactions which can significantly affect the measurement 
and level of system or project benefits and costs. 

The second chapter describes and compares four of the 
principal techniques of economic analysis and evaluation; this 
treatment, while complete, deals only with the problem of eval­
uating mutually exclusive alternatives. In the third chapter, 
three alternative highway projects have been analyzedand eval­
uated in order to determine their economic feasibility, both in 
an absolute and relative sense. The major focus of the example 
(Chapter Three) is a demonstration of the application of various 
economic analysis techniques and a detailing of the requisite 
information for their use. Every attempt was made to render 
the example problem realistic and to include all relevant as­
pects; while the actual data used, and the assumptions made 
about unit costs and demand relationships, were chosen in this 
sense, we should point out that it is not their validity which is 
the subject of attention, but rather their analysis which is p r i ­
marily of concern. 

Also, we would note that this material has been prepared as 
part of a more comprehensive traffic system planning text and 
thus serves to demonstrate use of principles which were out­
lined in other parts of that text. 

Finally, we gratefully acknowledge the guidance and assist­
ance of John R. Meyer and Gerald Kraft, though we do not bur­
den them with responsibility for any of the weaknesses of this 
textural material or imply agreement with our conclusions on 
their part. 

A/l W and B V /W 
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CHAPTER ONE 

A Framework for Evaluating Alternative Engineering Designs 

1.1 INTRODUCTION 
Historically, engineering education and practice has concerned itself more with the 

technological capabilities of physical systems and with the geometric design or layout 
of these physical systems than with the process of deciding whether any system should 
be built, and if so which system is best. Increasingly, though, engineers and de-
s ^ e r s are becoming familiar with and taking advantage of economic analysis and 
decision-theory techniques. Rather than serving as a panacea for poor engineering 
design, these techniques simply aid the engineer in developing more creative and 
analytical design abilities. Further, they assist the designer and engineer in seeking 
the best use of technological resources for social purposes and in assuring that the 
relevant questions are asked at each stage of his search-design-analyze process. 

At the outset, i t should be emphasized that the material in this and the following two 
chapters represents only an introduction to the subjects of economic analysis and 
capital budgeting and cannot be regarded as a substitute for a more comprehensive, 
complete and rigorous treatment. Nevertheless, these notes should provide the en­
gineer with a preliminary understanding of the role of economic analysis and its rele­
vance to traffic engineering. The traffic engineer wil l also have a better understanding 
of the kind and nature of traffic engineering data requisite to economy studies, and he 
wil l have a better grasp of the way in which economic analysis can enhance his creative 
engineering design talents. 

Finally, i t is emphasized that this introductory treatment is intended to deal p r i ­
marily with the more usual highway or traffic design situation wherein the engineer's 
task is to propose and evaluate alternative physical designs for achieving roughly the 
same objective ( i . e., he is choosing among a set of mutually exclusive designs or de­
sign features). Subjects concerning highway programming, particularly where budget 
constraints may affect the program to be selected, and highway program management 
while far from being unimportant ate not discussed. Nor does the material herein 
consider certain important social and political matters (such as income distribution 
effects, appropriate pricing policies, or other equity matters) even though they may 
significantly affect and alter the travel demand and project costs and benefits. 

1. 2 PURPOSE OF ECONOMIC ANALYSIS AND MAJOR CONSIDERATIONS 
The principal use of economic analysis by highway and traffic engineers is to pro­

vide an approach to answering the fundamental question: Is the proposed project worth­
while and does i t represent the "best" use of the associated resources? Stated in this 
fashion, i t should be evident that our discussion wil l be restricted to mutually exclu­
sive alternatives ( i . e., while several alternative designs wil l be considered, including 
the null or do-nothing alternative, only one of the alternatives wi l l be undertaken) and 
wil l not extend to the more general situation involving selection of the best investment 
program or group of projects. 

1. 2 . 1 Point of View, or "Worthwhile" to Whom? 
While the engineering literature often suggests that the techniques for making an 

appropriate choice among mutually exclusive alternative projects are straightforward 
and simple, i t is important to recognize that such is hardly the case. In fact, even to 

1 



establish the basis for evaluating alternatives—that is, to state what is meant by 
"worthwhile" and 'Tjest" and what factors and elements one includes or excludes-is a 
most complex and sometimes judgmental procedure. 

In deciding whether or not to make specific purchases, individuals continually are 
evaluating and weighing the alternatives and are called upon to decide whether i t is 
worthwhile to use their (limited) available funds and resources in one way or another, 
or to withhold their use until some future time. Presumably, in making each decision 
the individual allocates his total resources in a fashion most "worthwhile" to him. On 
a larger scale, a private industrial f i r m operates in a similar fashion but considers 
each alternative use of its resources from its own "point of view" or in terms of the 
most "worthwhile" or profitable investment to its owners. 

Importantly, as the individual or group of individuals making investments changes, 
a shift in point of view is generally to be expected and thus the final decision may 
change accordingly. 

The problem of specifying whose interests are at stake, or to whom the investment 
is worthwhile, is more complex when public projects are considered. For example, 
should a state highway agency, in deciding among various h^hway projects (including 
the null alternative), consider only the consequences to the state highway users or 
those to the entire state populace or should i t adopt a broader national point of view? 
Also, should the state highway agency consider the economic feasibility of only the 
state expenditures on construction, maintenance and administration or should i t be 
concerned with the feasibility of the total outlays, whether state, federal, or local? 

The arguments for and against different viewpoints are numerous. E. L . Grant 
persuasively argues that the economy of public works proposals (whether city, county, 
or state) "ideally, perhaps," should be considered from the point of view of all of the 
people in the country. ^ Kuhn takes what at f i rs t glance appears to be a stronger stand 
in noting:^ 

Any public body should, logically, adopt the viewpoint of the economy 
as a whole. The very term public (authority, or agency, or enterprise) im­
plies responsibility extending over the community at large. Indeed, "pro­
motion and protection of the public interest," or similar principles, are 
by law supposed to guide the conduct of public bodies. Perhaps even more 
compellingly, public enterprise agencies are creatures of legislatures and 
through them answerable to the community. Indeed, under common law 
all business is public; only an arbitrary distinction separates private and 
public business. The distinction is suspended when "private" businesses, 
such as power, gas, telephone and telegraph companies, are regulated 
"in the public interest." That public enterprise should adopt a public 
viewpoint appears, then, to be self-evident. The point is salient: it 
has significant practical implications and invokes basic principles. It 
dictates that normally no costs or gains in public enterprise can be classi­
fied as external and disregarded. 

While in the above paragraph Kuhn makes no distinction between local, state, or 
federal (public) agencies, and thus implies that all public agencies (whether local, state, 
or federal) should take the national economy viewpoint, the manner in which he dis­
tinguishes between and treats internal and external costs and gains (benefits) elsewhere 

^E. L. Grant and W. G . Ireson, Principles of Engineering Economy, Ronald Press, New York, 1960, 
p. 445-456, 

®T. E, Kuhn, Public Enterprise Economics and Transport Problems, University of California Press, 
1962, p, 13, Earlier, on p, 8, Kuhn noted, definitionally, that "external values can be defined as 
signals not received by the decision maker but by other parties, and internal values as effects that are 
of definite concern to him," 



in his text does suggest that at times he feels i t is proper for a public agency to view 
only the costs and benefits to its own economy. This implication which we attribute to 
Kuhn is supported by his metropolitan transport example wherein intergovernment 
transfers are treated as benefits. ^ 

An alternative position m i ^ t be to consider the feasibility from the point of view of 
those whose funds are beii^ risked. That is, the feasibility might be judged in terms 
of the welfare of those who must bear the burden of financing capital investments or 
future operating expenses should the expected benefits not materialize. This would 
appear to be the position of Richard Zettel, who noted:* 

The appropriate objective is to maximize benefits to the users who are called 
upon to finance the programme. . . . In some circumstances. . . i t may be 
appropriate to seek contributions from the general treasury to finance that 
portion of the project which is justified on the grounds of general (rather 
than user) benefits. 

Thus, With a pay-as-you-go or fully self-financed highway user tax financing pro­
gram, only the user's viewpoint would appear to be relevant. However, should the 
highway program be financed out of general state or federal funds (or should highway 
bonds be floated and backed by the fu l l faith and credit of the state or federal govern­
ment), then the viewpoint of the entire state or federal populace would be appropriate. 
In general, to take the point of view of those whose funds are being risked wil l result 
in taking a "total public viewpoint, " but the definition does permit a more restrictive 
position to be taken where i t is appropriate (such as with privately financed toll fac i l i ­
ties or with public facilities supported entirely through user tax revenues). ^ 

1 . 2. 2 Worthwhile in What Terms? 
Another important aspect of economic analysis is the establishment of the yard­

sticks, or measures, by which the worthwhileness or feasibility of a project can be 
judged. Moreover, i t is our view that worthwhileness should be defined from the point 
of view of the "owners" or those whose funds are being risked. 

An answer to the question, "Worthwhile in what terms?, " has three parts: 
1 . What specific factors or elements that are affected by the project do the "owners' 

( i . e., those whose funds are being risked) feel are of importance and of concern; these 
are the items of "cost" or "benefit"; 

2. What is the relative importance or relative value which the owners attach to the 
particular items of cost or benefit ( l . e., what is the weight-scale by which the cost 
and benefit items can be placed on a commensurate scale); and 

3. What are the constraints (if any) which the owners place on the system and which 
wil l or may affect the decision-making outcome. ° 

^Ibid. , Table 2and p. 55-66. 
*Richard Zettel, Highway Benefit and Cost Analysis as an Aid to Investment Decision, Reprint 

No. 49, Institute of Transportation and Traffic Engineering, University of California. 
^By contrast, the Doyle Report emphatically concluded that, "In consonance with the basic ob­

jective of Federal policy, governmental actions at all levels should be taken in the national public 
interest. Conflicting interest must, of necessity, yield to the greater good of a l l . " [Emphasis added.] 
(From National Transportation Policy, Report for U.S. Senate Committee on Interstate and Foreign 
Commerce, U.S. Government Printing Of f i ce , Washington, D . C , Jan. 1961.) 

^Rather than include some arbitrary objective alongside the other terms and give i t some relative 
scale value, the owners may prefer merely to maximize their net benefit, for example, subject to some 
specified condition. In a sense, this specification would be somewhot analogous to certain types of 
government regulation, and is directly akin to establishing certain social objectives regardless of the 
impacts. While these constraints, or social objectives, w i l l not directly enter the economic analysis, 
their economic consequences should be accounted for in the overall decision-making process; the 
economic value of social objectives can at least be detennined by imputation, for example. 



It should be evident that such a task for private projects is distinctly simpler and 
more straightforward than for public programs. Generally, costs for private projects 
include money outlays which must be made to obtain the capital, labor and service in­
puts, or to compensate others for damages of one sort or another; the benefits include 
the money revenues (or other types of payment) received as a result of the project in­
vestment. In general, only items which in some way are actually translated into 
money terms are included in the economic analysis. 

For the case of public projects at the federal level, all factors or elements of con­
cern which have value to the owning public and for which value the public would willingly 
pay to gain, or to keep from losing, wi l l be included. Thus commonly thought of social 
and political objectives can meaningfully be included in an economy study, provided of 
course that the owning public would be willing to pay for such or at least to trade-off 
some other object of interest or value where conflicts occur. ® Generally, then, social 
or political factors enter the analysis only in those instances where society would be 
willing to forego dollar and cent or other marketable values in their stead. This as­
sumption is made, f irst , since most tangible and so-called intai^ible objects of con­
cern have a history of experience and have been valued at the marketplace (at least 
implicitly); thus we have a place to start in establishing relative if not absolute value 
scales (a problem that simply cannot be ignored one way or another). Second, this 
assumption is made to point out that factors of presumed concern to the owning public 
and for which they are not wUling to forego something else of value (which must be 
foregone to achieve the object of concern) are just that—presumed rather than real. 
Third, and importantly, i t is made in order to permit more reasonable comparisons 
among investments in the private and public sectors of the economy. 

By this discussion, i t is not implied that decisions involving other non-marketable 
political or social values are improper or avoidable. Rather, i t is to emphasize that 
decisions to expend additional resources in order to meet or achieve some higher social 
goal or objective imply at least a limiting value of the social ends (since the extra 
costs could have been avoided by sacrificing the social objective). Also, the earlier 
remarks were intended to emphasize that lack of willingness to pay for some social 
objective (or at least to forego something else of value in order to achieve that goal) 
suggests the lack of real value associated with the objective. In any case, the engineer 
bears the responsibility of defining and quantifying (directly or by imputation) as many 
of these aspects as possible. 

1. 2. 3 Definition of Costs and Benefits for Public Transport Projects 
To state specifically what factors are relevant for economic analysis of broad-

scale public projects one must ask what factors of concern are affected by facility in­
vestments (or by changes in facility operation, etc.). Principally, improvements to 
the transport system can change travel characteristics in terms of the amount of t r ip-
making, its distributional (O-D) or time patterns, the people involved in the tripmakii^, 
and the "cost" or service quality of the trip. In addition, changes can occur in the 
capital, labor and service requirements for designing, building, and operating the 
physical transport facilities and vehicles. Viewing these consequences from a broad 
public standpoint, the "costs" and "benefits" may be categorized as in Table 1.1. 

The costs and benefits (Table 1.1) should be regarded as total system effects, 
or as the total costs incurred for and benefits accruing to the public at large from 
any specific alternative transport system; these total costs are in contrast to the ad­
ditional or incremental costs or benefits stemming from an increment of investment, 
which can be determined directly from an analysis of the differences in total cost and 

' I n some cases, this narrow description wi l l not be all inclusive. 
^This position w i l l be qualified in a later section in order to preserve comparability between pri­

vate and public investment policy. 



TABLE 1.1 

TRANSPORT SYSTEM COSTS AND BENEFITS FOR PUBLIC PROJECTS* 

A. Potential Costs Associated with Transport System 

1. Facility construction and land acquisition costs 
2. Dislocation and other social costs 
3. Facility operation, maintenance and administration costs 
4. User travel costs, to include: 

a. Vehicle ownership costs (excluding all fees and taxes levied to recover 
facility costs) 

b. Vehicle operatmg and maintenance costs (excluding all tolls and taxes 
levied to recover facility costs) 

c. Time costs 
d. Discomfort costs 
e. Inconvenience costs 

5. Accident costs (to include costs of injury to all persons and property involved 
in vehicular accidents) 

6. Terminal (parking) facilities costs 

B. Potential Benefits Associated with Transport System 

1. User travel benefits, to include: 
a. Perceived user travel benefits 
b. Non-perceived user travel benefits 

2. Facility associated non-user revenues (such as concession revenues or 
property taxes) 

3. Intergovernmental transfers (in those cases where other than a broad 
national viewpoint is taken) 

*A broad point of view is intended for this listing; the interest and welfare of the entire na­
tion is of concern. Definitionally, costs are meant to include all those efforts, sacrifices, losses, 
outgoes and expenses (whether or not they are compensated), and benefits are meant to include 
all money and non-money revenues, income, rewards, proceeds and values which result from 
the system and its usage. These definitions are closely related to those of Kuhn, op. c i t . , p. 31. 
However, it should be noted that all transferred benefits and multiplier effects are excluded. 

benefit in moving to successively higher levels of investment. As wil l be shown, both 
types of information (that is, both the total and incremental values) are necessary to 
answer adequately the two questions: 

1. Is the entire project worthwhile? 
2. Is any additional improvement and investment worthwhile? 

Nevertheless, the data which are gathered or forecast by the engineer for use in eco­
nomic analyses wil l generally conform to total rather than incremental cost and bene­
f i t tabulations and thus is presented in that fashion at this stage of the analysis. 

Table 1.1 differs substantially from tables often appearing in highway engineering 
economy studies and thus bears some explanation. First, a broad public viewpoint is 
adopted and, as a consequence, the general public may be regarded as the owners and 
as those whose costs and benefits are at stake. It follows, therefore, that costs or 
benefits to any subset of the public at large, however large or small the group, should 
be included in the tabulation and accounting. 

Three other points are worth noting. One, while the decision-making agencies 
(such as the hi^way departments) hold the responsibility for committing public funds. 
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they nevertheless can not be regarded as "owners" but should be viewed only as rep­
resentatives of those from whom the funds are derived. Two, a i ^ commitment or 
forfeiture of resources, expense, time and effort resulting from the facility for which 
any member of the general public would willingly trade-off something else of value to 
avoid the loss or commitment should be included as a cost. Conversely, any revenues, 
proceeds or desirable experiences achieved as a result of the facility (and for which 
some member of the general public would willingly pay or tradeoff something else in 
value in order to achieve) should be included as benefit. Third, certain subsets of the 
general public wi l l find their interests represented in the tabulation in more than one 
fashion. 

For example, users of the facility are in the f i rs t instance concerned as owners of 
the facility and as they are at least partially responsible for the costs of facility con­
struction, maintenance and administration. In the second instance, they are concerned 
as users of the facility who experience money, time, discomfort and inconvenience 
costs in the course of traveling and who simultaneously achieve certain benefits from 
tripmaking. Also, one subset of the general public may experience certain social 
costs (such as those associated with air pollution) which stem from travel made by 
another subset. Or, dislocated residents (either homeowners or renters) and disrupted 
commimity inhabitants may experience what might be termed social dislocation costs as 
a result of facility construction undertaken for the benefit of another subset of the 
general public. As a third example, accident costs may be incurred by three groups or 
subsets of the general public: owners and occupants of vehicles involved in accidents, 
owners of non-vehicular property damaged in accidents, and non-vehicular persons in­
volved in accidents. 

In Table 1.1 all items of cost are listed, whether or not the parties involved are 
compensated for the costs. However, certain payments (such as user taxes, fees and 
the like) which are made by users to recover certain items of cost and which do not 
represent an expenditure of resources are excluded from the cost tabulation; for ex­
ample, to include both roadway costs and user tax payments as costs would result in 
double counting, and to include user payments instead of roadway costs would result 
in an improper cost accounting unless the roadway costs and user payments happen to 
be identical (and thus user payments could serve as a proxy for roadway costs). 

These definitions and tabulation categories do not imply that either the money pay­
ments or other benefits for a particular item necessarily cover the costs to the general 
public for providing that item. For example, the user tax payments which are made 
to recover roadway costs may or may not actually cover the fu l l costs of providing 
those facilities (interest included); similarly, accident insurance premiums or parking 
fees may or may not cover the ful l costs of accidents or terminal facilities. Problems 
of balancing costs and benefits, and of insuring that those for whom the costs are in­
curred pay those costs, far from being unimportant, are not discussed in this intro­
ductory treatment. In short, considerations of who should pay and who does pay the 
costs are disregarded at this stage; here, the only concern is what are the costs and 
what are the benefits, without regard for their incidence. 

Within the benefit listing (part B, Table 1.1) intergovernmental transfers are in­
cluded for those situations where a lower order government agency is conducting the 
analysis and chooses not to take a broader national point of view. Also, non-user 
benefits (both secondary and multiplier effects) were excluded from the listing, because 
of the possibility of double-counting (transferred benefits, and the like) and because of 
the possibility of rendering the analysis incomparable with those for investments in the 
private sector of the economy.' 

^Aside from the dif f icul ty of measuring such benefit aspects, i t is important to insure comparability 
between public and private economic analyses, the latter of which seldom include such benefits (even 
when studied by governmental agencies). This point is well covered on p. 38-39 of H. Mohring and 
M , Harwitz, Highway Benefits—An Analytical Framework, Northwestern University Press, 1962, The 
subject of non-user effects and impacts has been widely discussed; for an introductory treatment see: 
A, L. Lang and Martin Wohl, Evaluation of Highway Impact, HRB Bulletin 268, 1960, p. 105 f f . 
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Figure 1.1. Demand curve showing benefit considerations. 

A more detailed discussion of the benefit item "perceived user travel benefit" wi l l 
be helpful; for this purpose, i t is necessary to introduce demand function concepts. A 
demand function or demand curve is a statement of the number of trips which wil l be 
made or "purchased" at different levels of overall trip price, where the perceived 
price of travel is the total payment in expense, time and effort that the traveler per­
ceives or thinks about in making a trip. The distinction between perceived payment 
and actual payment is essential; the former is appropriate in this instance since the 
demand curve (or demand relationships) is used to forecast travel, in which case the 
analysis must be made on the same basis as that which serves to motivate the traveler 
in making a decision to travel or not and in choosing among alternative modes, routes, 
destinations or times-of-day. 

Figure 1.1 illustrates a demand curve for tripmaking between, say, a given set of 
origin and destination points, and for a specific time of day or common set of trip 
purposes. Different people among those wanting to make trips between these points 
wil l value the trip differently simply because of differences in income and ability to pay 
for the trip, or because of differences in the urgency of the trip or in the value of get­
ting to their destination, and so forth; in general, the demand curve wil l be downward 

^°The demand curve holds for a given level of income, population, and land-use distribution, etc. 
The demand is not necessarily (and probably is not) linear but is shown in that form for simplicity. 



sloping. In other terms, as the price of travel or as congestion increases less trips 
wil l be made, everything else being equal, and if the price or congestion is reduced 
more trips wil l be made. 

Correspondingly, the demand schedule may be interpreted and used to indicate the 
willingness to pay for travel and thus to provide measures of the value or benefit as­
sociated with particular trips. However, some distinctions are necessary with regard 
to the latter point. For one, we must distinguish between what tripmakers actually do 
"pay" and their willingness to pay. By setting the price at level po (see Figure 1.1) 
and finding that Vp trips would be made, the value of the trip for the tripmaker at the 
"margin" can be (fetermined; that is, the last person to purchase the trip just broke 
even, paying exactly as much as the trip was worth to him. Obviously, this same 
value also serves as a measure of the amount each traveler does pay, as distinct from 
the total amount he would be willing to pay. No more than Vg trips would be made be­
cause the fixed price (pg) is higher to those not making the trip than its value to them; 
thus, for price pg those not making the trip would find that their position on the demand 
schedule is to the right of and below point C. 

At this point, it is important to distinguish more precisely between "benefit" (and 
"user cost") as practiced by the highway engineer and those definitions used in this 
text. These distinctions are key to a fu l l imderstanding of all that follows. 

First, the economist defines benefit as being equivalent to value and thus it is equal 
to the gross amount that travelers would be willing to pay for a trip. " Referring to 
Figure 1.1, if the price were at a level pg, travelers would be willing to pay amounts 
as indicated by the demand curve to the left of point C; or, to put i t another way, if 
the price were pg, then the total benefit or value accruing to the Vg tripmakers would 
be equal to area HOFC or the entire area under the demand curve and to the left of 
point C. If the price were lowered to p^, then the total benefit or value accruing to 
V A tripmakers would be equal to area HOGD. 

Second, the highway engineer's definition of benefit does not correspond to the econ­
omist's definition but is usually defined as the reduction in user cost that accompanies 
a price change (where price is construed broadly in terms of the time, effort and ex­
pense of travel). In this example. If the price were at a level of pg, then the cost to 
each user would be the same as the price he pays or pg. (Of course, all but the tr ip-
maker at the margin would be willing to pay more than that amount.) If the price were 
dropped to p^, then the user cost would drop accordingly. The difference in "user 
cost," or reduction from pg to p^, is what the engineer usually defines as "benefit." 
Thus, the total amount of user cost reduction or total amount of benefit associated with 
a price reduction from pg to Pŷ —as usually defined by the highway engineer—would be 
equal to the area BADC. 

However, throughout this text the economist's definition of benefit wil l be adopted. 
The highway engineer's definition and use of the term benefit wil l be discarded as it is 
appropriate only for determining what is really the change in net benefit between pairs 
of alternatives but not including the null or do nothing case;̂ * thus, the highway engi­
neer's restricted definition of benefit is only appropriate for answering the question. 
Which way is best? It does not lend itself to answering the question. Why do it at all? 

'••"•Traditionally, the independent and dependent variable axes are reversed for the demand curve; 
the dependent variable is shown on the x-axis and the independent variable on the /-axis. 

uniform single price has been assumed, and matters concerning heterogeneity and interpersonal 
comparisons are largely ignored. 

^^This is not to soy, however, that all of this gross benefit should be included in the totals used to 
justify public investments; this is, in part, a matter of judgment and wi l l be discussed later in the sec­
tion. 

^*That is, in cases where there is an existing faci l i ty , the engineer's definitions wi l l not permit 
examination of the overall feasibility of the existing faci l i ty (and thus of the possibility of abandoning 
the faci l i ty altogether). Nor does the engineer's definitions permit examination of the overall feasi­
bi l i ty of the lowest cost alternative where no faci l i ty is yet in existence. More w i l l be said about 
this topic in a later section. 



For all tripmakers other than the one at the margin, i t is reasonable to expect that 
some value or benefit over and above the price they must pay would be accrued. In 
the terms of the economist, all tripmakers or consumers except the traveler at the 
margin would accrue a surplus or "consumer surplus." 

The additional value or benefit (over and above the price paid), which is termed con­
sumer surplus by the economist, is not unique to public projects, but wi l l generally be 
manifested in any private or public situation and with the same result. An individual 
wi l l usually be willing to pay a little more than he was actually charged (or than his 
payments in time, effort and expense) and thus wil l receive a little extra value or net 
benefit. With a uniform, single-price policy, this surplus to the consumers would not 
be relevant to the economic analysis of a private f i r m since i t does not represent 
revenue or benefit to the f i r m or its owners, but accrues only to its customers. Im­
portantly, if consumer surplus is not considered and is not included in analyzii^ the 
economy of private investments, then to include i t in those for the public sector would 
mean that expenditures could more easily be justified in the public sector. 

In theory, consumer surplus is just as viable or not, beneficial or not, determinable 
or not, and thus includable or not in private as in public projects. Thus, we would 
argue that to compare the economic value of alternative uses of resources properly, a 
consistent practice should be followed in both private and public ventures. Further­
more, there is considerable doubt among economists as to the existence and measure­
ment of the upper regions of the demand curve; thus far consumer surplus (in total) has 
been difficult if not impossible to measure and as a consequence can be regarded as 
indeterminate." 

Because of the incomparability that would result between public and private sectors 
of the economy, the latter of which does not include consumer surplus in the assess­
ment of alternative investments, and because of the indeterminate nature of consumer 
surplus measurement, i t is our view that consumer surplus should not be included in 
any user tripmakii^ benefit calculations to be used in assessing the economy of public 
projects. 

Some economists would appear to take issue with this position. Mbhring, for ex­
ample, specifically deals with the definition and measurement of consumer surplus but 
does not directly confront the issue in his book, ̂  thus suggesting that consumer sur­
plus can be included in a public economy study; Kuhn while noting both sides of the is­
sue clearly feels that consumer surplus can be considered as net benefit allowable in 
the analysis. " Similarly, work conducted in England by Reynolds^® and by Foster and 
Beesley advocates the inclusion of all user benefits, measurable or not and paid or not; 
in particular, Foster and Beesley note: 

Road investment is beginning to be decided by calculation of consumers' 
rates of return by estimating the social benefits and costs incurred by 
building a new road. It seems sensible to treat urban rail investment 
similarly: v/hich is what we have done for a particular investment in 
this paper. 

^^An important reference on the subject of consumer surplus is: I . M . D. Little, A Critique of Wel­
fare Economics, Oxford Univ. Press, 1958. 

^^H. Mohring, op. c i t . . Chapter I and Appendix I , particularly. 
^•'Tillo Kuhn, op. c i t . . Chapter IV. 
^ D . J. Reynolds, The Assessment of Priority for Road Improvements, Road Research Technical Paper 

No. 48, Road Research Laboratory, London, 1960; see p. 20, for example. 
^^C. D. Foster and M . E. Beesley, Estimating the Social Benefit of Constructing an Underground 

Railway in London, The Journal of the Royal Statistical Society, V o l . 126, Part 1, 1963, p. 48. 0" 
our view, this "eye for an eye" argument is probably the weakest position one can take in defending 
the inclusion of consumer surplus. While permitting one mode of transport to follow one criterion and 
following a more rigid rule for another mode would certainly prejudice the latter with respect to the 
extent to which i t "flourished" and was "expanded," overconsumption in both modes and poor i n ­
vestment policy with regard to both modes would appear to be less advisable than in just one mode.) 
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Again, the principal reason for excluding consumer surplus can best be summarized 
by a quotation of Edward Renshaw made in reference to navigation project benefit meas­
urement:^" 

If the fu l l amount of the estimated (consumer) surplus were used to justify 
public expenditures in a one-to-one benefit-cost ratio ( ful f i l l ing the 
legal requirement imposed by law that benefits equal or exceed costs), 
there would exist no real social surplus associated with navigation i n ­
vestment. Use of the entire surplus to justify public investment in navi­
gation might, therefore, be denying real surpluses associated with the 
same funds invested in industries which are unable to collect surpluses. 

Therefore, if we exclude consumer surplus, the total measurable and allowable 
perceived user travel benefit is equal to the product of tripmaklng and perceived travel 
price; referring to Figure 1.1, if the perceived travel price is pni the volume of trips 
wil l be VQ and the total allowable user travel benefit wil l be (PQMVQ) or equal to the 
area BOFC. With a perceived travel price of p^, the total allowable perceived user 
benefit wil l be equal to the area AOGD. 

This definition of perceived user benefit corresponds to the perceived user travel 
benefit item shown in part B of Table 1.1, and i t is suggested that this benefit Item 
consists of both money and non-money portions to the extent that they are perceived by 
the traveler in his short-run tripmaklng calculus. 

Importantly, by defining the allowable perceived travel benefit so conservatively, 
we are not denying the existence of some real user travel benefit over and above that 
level which the traveler at the margin does experience. Rather, we are simply taking 
the position that the net social benefit ( i . e., consumer surplus) is no more appropriate 
in the justification of highway investment than in the justification of automobile plant 
investment, for example. 

I t is reasonably evident that travelers are willing to pay and do pay considerably 
more for the privilege of traveling than the amounts indicated by the short-run demand 
curve; that is, in the short run the traveler is willing to pay for (or endure) the loss of 
travel time, and to pay for discomfort and inconvenience and for certain out-of-pocket 
money expenses in order to make certain trips. The short-rtm willingness to pay 
serves to indicate his perceived user travel benefit. In the long run however, he is 
willing to pay for vehicle ownership, operation, maintenance and repair (including in­
terest, for vehicle accident Insurance premiums and for vehicle garaging, and so 
forth, al l of these to the extent that they are not already included in the short-run per­
ceived travel price. This latter group of user benefits are classified in part B of 
Table 1.1 as non-perceived user travel benefits. As before, we would note that the 
user does receive benefit or value at least to the extent of the price he does pay (for 
vehicle purchase plus interest, for accident insurance, etc.) and that any value he re­
ceives over and above the price he actually does pay we would recommend excluding 
from the allowable non-perceived user travel benefit. ^ 

In adding the non-perceived items to the perceived user benefit items, some care 
must be exercised to include only the remainder of the user money or non-money ex­
penses which are not already counted. As a rough guess, i t seems reasonable to ex­
pect that virtually all of the vehicle ownership payments (including interest if car 
bought for cash or service charges if car is purchased on installment plan) and prob­
ably most of the major equipment replacement payments (such as for tires) and 
maintenance-repair expenses should be added to the perceived user benefits measured 
by the demand schedule. However, operating expenses (such as gas and oil payments) 

^Edward F. Renshaw, The Measurement of the Benefits from Public Investment in Navigation 
Projects, Idyia Press, Chicago. 

^Most of these non-perceived benefits can be measured directly by examining the money pay­
ments actually made by travelers. 
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plus toll and user tax payments probably are considered by the user in his tripmaking 
calculus, and thus already are included in the user benefits measured by the demand 
curve. 

Whether specific items are included as perceived or non-perceived user benefits is 
not important; what is important is that all items be included in one category or the 
other, but not both. 

Clarification should be made of two points currently plaguing engineers who attempt 
to conduct meaningful economy studies. The f i r s t regards the inclusion and measure­
ment of benefits for new tripmakers usii^ the facility or system in question (that is, 
benefits for the induced or additional travelers attracted after a system improvement or 
price change; the additional travelers would be volume minus Vn in Figure 1.1), and 
the second regards the second-order benefits for those users remaming on other faci l i ­
ties from which users were diverted to the improved facility or system. 

With the f i rs t group, the new induced traffic, the net benefit ( i . e., trip value minus 
trip cost) of the tripmaking to the extra (V^ - V^) users would be the consumer surplus 
shown in Figure 1.1, or area CED; i t would not be the price before the price change 
minus the price after the change times the induced volume, or (pg - p^) (V^ - vJ) . 
Since each of the induced tripmakers would begin tripmaking only according to his po­
sition on the demand schedule, his personal profit or surplus would be his value (as 
represented by position on the demand curve) minus the price after the change. Of 
course, according to our definitions, the total allowable perceived user benefit for the 
induced volume would be equal to p^ times (V^ - Vg) and would not include their con­
sumer surplus. 

As for travelers who remain on one facility after improvement to a second facility, 
an improvement which diverts some of the f i r s t facility's users to the second, i t should 
be clear that a net benefit has resulted. These second-order effects should not be 
ignored (unless they can be considered external to the analysis by virtue of being out­
side the interest of those whose funds are being risked—usually not the case for public 
projects, of course), and often are not negligible. In fact, the very substantial effects 
noted on arterials following the construction of expressways in Los Angeles, for ex­
ample, suggest that much more attention should be given to this aspect." 

Obviously, these latter second-order effects cannot be measured without a thorou^ 
system analysis. However, i t should be emphasized that these second-order net bene­
fits should not necessarily be included as part of the economic analysis to justify im­
provements. Again, these second-order effects are manifested solely as increases in 
consumer surplus and thus can be included or not, depending on one's judgment. Re­
gardless of their exclusion or inclusion in the economic analysis, they should be con­
sidered and measured—at least to aid in selecting among alternative projects that 
might otherwise be equivalent. 

1. 3 DETERMINATION AND MEASUREMENT OF 
PERCEIVED USER PRICE AND BENEFIT 

In the previous section a distinction was made between perceived and non-perceived 
user tripmaking benefits, wherein perceived user travel benefits were derived from 
the demand schedule for a given price of travel. However, determination of actual 
tripmaking, of the perceived user benefit and of the actual costs incurred to provide 
transportation service depends on a joint consideration of supply and demand condi­
tions. On the one hand, i t is necessary to know how the unit price of travel wUl change 
as more and more tripmaking is made and as the system design and operation is 
changed, and on the other hand, i t is necessary to know what price different volumes 
of tripmakers wil l be willing to pay for the trip in question. The interplay between 
these two relationships wi l l permit determination of the actual use which a facility wi l l 
experience and of the benefit or value accruing to its users. 

^See: J. Meyer, J. Kain, and M . Wohl, The Urban TransportaHon Problem, Harvard Univ. Press, 
Cambridge, 1965, p. 74 f f . 



12 

Because of the interdependence of supply and demand relationships, i t is necessary 
that the supply or price-volume curve and demand curve have dependent and Independent 
variables which are stated on a commensurate scale; for example, the unit price which 
travelers wil l have to pay for using a particular facility (as shown on the supply curve) 
must be stated in the same overall units as the price which travelers wi l l be willing 
to pay (as shown on the demand curve). Of equal importance, the price scale for the 
demand curve—and thus for the supply curve as well—must be stated in perceived rather 
than real costs to the traveler, where the two differ. Again, those money payments 
which the traveler or user does pay over the longer run but which he does not consider 
in making short-run travel choices are not included in the price scale of the demand 
schedule. 
1. 3.1 Make-Up of Perceived User Price-Volume (or Supply) Relationships 

To understand fully the make-up of the price-volume curve, a detailed breakdown is 
provided in Figure 1.2. This relationship should include only those items which are 
perceived by the user; these probably include only short-run incremental user pay­
ments (in time, effort and expense). In constructing these curves i t was assumed that 
payments by users towards recovery of facility costs, construction, land acquisition, 
maintenance and administration costs are levied through the use of a uniform per 
vehicle-mile tax, regardless of the roadway cost or volume level (in contrast to tolls 
for a toll authority wherein the specific roadway costs might be recovered from, and 
thus the toll adjusted to, the actual volume making use of the facility). 

For a specific system (or facility) whose capacity can be considered as fixed, as 
the volume of trips increases the major effect on the price to users wil l be to increase 
the portion for congestion, travel time and discomfort (the latter simply reflects less 
freedom of movements, the necessity to pay more attention to driving, increased ten­
sion, etc.). Increases in time and discomfort cost may or may not be proportional to 

Curve applies to a particular type of trip and facility 
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Figure 1.2. Perceived user price-volume curve for public faci l i t i i 
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increases in travel time, though it can be argued that the user time and discomfort 
cost per minute increases faster than the travel time per minute rises. ^ 

One important distinction between the price-volume curves for public facilities and 
those for private facilities should be made at this point, ̂  Since with public facilities, 
the user charge to recover the facility construction and operating costs is almost uni­
form regardless of whether the facility cost was high or low and regardless of whether 
i t is heavily or lightly traveled, the price-volume curve for a particular facility wi l l 
continuously rise with increases in volume. Further, with public facilities the user 
charge to recover facility costs wi l l not be increased if the system is expanded (even if 
the marginal facility costs exceed the marginal user revenues); thus, system improve­
ments wil l always lower the price-volume curve, as indicated later in Figure 1.4. 
However, with private or toll facilities which adjust the toll charge (levied to recover 
the facility construction and operating costs) according to the volume using the facility 
and to the costs of that particular facility, the toll charge for any particular facility 
wil l usually decrease with increasing volume of usage, though the remainder of the 
perceived user payments wi l l be increasing (just as with the public facility case). 
Generally, the cost breakdowns for private facilities can be Illustrated much as in 
Figure 1.3 (a); if the proportions of these cost Items are in perspective, at fairly high 
volume levels little difference would exist between the unit price to users of private 
and public facilities. * Obviously, though, such a conclusion would rest heavily on the 
facility cost, on the cost of collecting tolls, and on the capacity of the facility, etc. 

Importantly, and in contrast to the situation for public facilities, with improvements 
to private projects the price-volume curve would not necessarily fal l below the previous 
one or result in price reductions to users, even with the travel time and service con­
siderations properly accounted for in the perceived user price. Just one situation is 
depicted in Figure 1.3 (b); the original system A has been improved and afterwards is 
called system B. As a result of improvement, facility cost and service characteristics 
tend to offset each other, but such that the unit overall user price after improvement 
would be higher if the volume was below Vi but lower if the volume was higher than Vi . 
This would appear to be the more usual case. 

1.3.2 Measurement of Perceived User Travel Benefit Allowable in 
Economic Analyses When Consumer Surplus Is Excluded 

For the public facility case, the supply or price-volume curve shown in Figure 1. 2 
and the demand curve shown in Figure 1.1 individually wi l l not permit inferences about 
the perceived user benefit which wil l result from transport systems or improvements. 

^ R . Zettel, op. c i t . , has argued the contrary, saying, "one would expect elasticity in the effective 
demand for time savings, that is, the value of each unit of time saved, would decrease as the number 
of units saved increased." Also, an interesting point arises with regard to the value of time, that is, 
to the cost of travel time to the user. One cannot use the actual travel time involved in tripmaklng 
as a measure of user's perceived time expense unless that is in fact the case. If the user, for example, 
is a poor estimator of travel time or uses other than an absolute actual time measure to gage his time 
expense, then so must the engineer. 

^The difference between private and public as intended in this discussion is that private facilities 
w i l l have tolls to recover the faci l i ty construction and operating costs and that the faci l i ty costs w i l l 
be spread over the volume using the faci l i ty (and thus the tolls w i l l vary—for a given faci l i ty-accord­
ing to the volume using i t ) ; public facilities wi l l have a uniform user charge which does not vary either 
with the faci l i ty cost or with the volume using i t , other than to an almost negligible degree. 

^ O f course, an implicit assumption has been made that the faci l i ty operating and maintenance 
costs (per vehicle trip) are either not increasing with increases in volume or that if they are increasing, 
their increases are less than the decreases due to wider distribution of the fixed costs. 

* Again, the unit price for both private and public includes all time, expense, and effort payments 
perceived by users, and not just tol l or other money payments. 

^ I n other cases, the total user price curve after improvement could at every point lie above the be­
fore improvement curve, or it could at every point lie below the before improvement. 
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Figure 1,3. (a) Perceived user price-volume curve for private facilities, and (b) change in perceived 
user price-volume curve with improvement to private fac i l i ty . 

Taken together, however, these relationships wi l l permit us to determine the actual 
volume usage or demand for travel on a system or facility, and, ultimately, the user 
benefit f rom such usage; this interplay and the resulting actual demand or volume usage 
together with the corresponding price of travel is shown in Figure 1.4. (Actually, this 
interplay probably should be determined on an hour by hour basis, etc. Only one such 
time period of analysis is shown in Figure 1.4.) 

With System A (Fig. 1.4) the resulting price would be p^ and the volume V^. As 
noted previously, the allowable perceived user travel benefit is indicated by the hori-
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Figure 1.4. Interaction of price-volume curves and demand curve showing allowable perceived user 
benefits. 

zontal shading, or AFOD. Similarly, with System B the allowable perceived benefit 
is shown by vertical shading, or BGOE. ^ 

Once the equilibrium point, or intersection between price-volume and demand 
curves, has been determined the total system costs (or costs to those whose resources 
are being risked) as listed in A of Table 1.1 can be computed. The volume which wil l 
actually use the facility wi l l have been determined, and the specific design, service, 
and operation details therefore wi l l be set; the system costs can be estimated directly 
from these inputs. To the extent that perceived monetary or non-monetary user price 
items illustrated in Figure 1.2 (and thus Figure 1.4) are identical to like items in 
listing A of Table 1.1, they wi l l also serve as adequate measures of these items of 
real system cost. However, where they are dissimilar, other measures of the appro­
priate real user cost items must be made and included. (For additional discussion of 
this point, see section 1.4.) 

The price-volume curves illustrated previously represented "average" conditions. 
Since these curves were used together with the demand curves to estimate final or 
actual demand the implicit assumption was made that travel conditions and prices 
among those making up the actual demand were uniform; in other words, if the volumes 
are scaled in vehicles per hour, then i t has been assumed that each vehicle in that hour 
of traffic flow is afforded approximately the same trip time, etc., and that each ve­
hicle and its occupants are homogeneous with respect to the value of time, etc., and 
thus with respect to price. 

1. 3. 3 Summary of Perceived User Travel Benefit Specifications for 
Varying Project Conditions 

The earlier discussion has dealt primarily with perceived user travel benefit, with 
the extent to which this user benefit might or might not be included in the economic 

Again, benefit only to the extent that the user does pay for is included; thus, consumer surplus 
is excluded. 
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analysis, and has noted how such user benefits can or may change with improvements 
to an existing system or with development of different system capacity levels. 

To capsulize this information for the public facility case, Table 1. 2 should be help­
ful ; furthermore, i t is constructed so that i t is equally applicable to an improvement in 
an existing system, to the construction of an entirely new system, or to comparison of 
the consequences of different system improvements (or levels of improvement). 

TABLE 1.2 
VARIOUS MEASURES OF PERCEIVED USER TRAVEL BENEFIT* 

(See Figure 1.4) 

Item 
I . Value of Item Indicated with 

Item System A System B 

1. Travel volume V A Vg 
2. Perceived user price PA PB 
3. Total allowable perceived user 

benefit (excluding consumer 
surplus) V < V (PB) (V 

4. Total perceived user value or 
benefit (including consumer 
surplus)** (p^) (V^) + AACD Ipg) (Vg) + A B C E 

5. Total perceived user net benefit 
( i . e., total value minus price) 
or consumer surplus AACD A B C E 

n. Change in Value When Comparing 
System B with System A 

6. Chaise in tripmaking volume (Vg - V^) 
7. Change in perceived user "price" ( P B - P A ) 
8. Change in total allowable perceived 

user benefit (excluding consumer 
surplus) (Pg) (Vg) - (p^) (v^) 

9. Change in total perceived user 
benefit (including consumer 
surplus) y . ( V g - v ^ ) ( P g + p ^ ) 

10. Change in total perceived user net 
benefit ( i . e., change in consumer 
surplus) t y.(PA - Pg) ( v ^ . Vg) 

*l t is important to note that only items No's. 3 and 8 are allowable for an economic anal­
ysis, according to our framework. The others are indeed measures of benefit, but excludable, 
nonetheless, for our definitions. Also, a one-price or uniform user charge is assumed. 

**The symbol A stands for triangle. 
tMost highway engineering economy studies define highway benefit as being equal to this 

expression. In contrast to the other measures of benefit in this table, the user travel costs have 
been deducted. Thus, this measure corresponds to change in user profit rather than benefit. 
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To be more specific, according to our definitions the allowable perceived user 
travel benefit ( i . e., without consumer surplus) for the cases would be as follows: 

Case 1: Construction of Entirely New System (call it " A " ) . Compute 
values as shown in item No. 3, of Table 1.2, for System A . 

Case 2: Incremental Improvement of an Existing System A to Level of 
System B. Compute incremental values as shown in item No. 8, 
of Table 1.2. 

Case 3: Construction of New Proposed System A and Incremental Im­
provement of Proposed System A to Level of System B. Com­
pute the incremental values as shown in No. 8, part II of 
Table 1.2; also, compute values of System A as shown in item 
No. 3. 

It is clear that our definition of the allowable portion of perceived user benefit is 
distinctly different from that often used by others. As noted earlier, user benefit as 
defined by highway engineers often has a connotation of "user cost reduction, " rather 
than that of user value as practiced herein; thus whereas others may define all user 
cost reduction as user benefit, we wUl not do so. ^ More importantly, according to 
our procedure all net user benefit ( i . e., consumer surplus) that he does not pay for is 
excluded from the benefit calculations. 

In essence, most traditional highway engineering economy studies justify highway 
improvements almost exclusively on the basis of increases in consumer surplus ac­
cruing to the users. Our procedure, by contrast, adopts a more conservative posture 
that closely parallels the economic justification analyses conmion to private industry. 

Definitionally, our procedure contrasts with that followed by others, such as 
Mohring, Kuhn, and Zettel, °̂ but appears to be consistent with the treatment of Maass, 
Hirshleifer, and of Beckmann, and that of most economists. We feel, though, that our 
definitions and structure as presented herein wil l be more useful in the long run. 

However, should one prefer to include consumer surplus in the benefit totals to be 
used for economic analysis, the appropriate measures to be used in the analysis would 
be as follows: 

Case 1: Construction of Entirely New System (call i t " A " ) . Compute 
values as shown in item No. 4, of Table 1.2, for System A. 

Cose 2: Incremental Improvement of An Existing System A to Level of 
System B. Compute Incremental values as shown in item 
No. 9, of Table 1.2. 

^^One may envision circumstances where our procedure would appear nonsensical and inconsistent; 
usually, though, these circumstances arise only because one fails to consider both the cost and benefit 
aspects. For example, imagine that the demand schedule is vertical, and that a system improvement 
lowers the supply or user price curve; in this case, and for our definitions, clearly the user benefit w i l l 
be reduced after improvement—even though one "knows" that the user is certainly "better off ." While 
the allowable user benefit has been reduced, by our definitions, i t must be emphasized that the user 
cost (both unit and in total) has also been reduced. Also, while i t is evident that in this situation 
users would be better off, the question is whether or not this net social benefit should be included in 
the allowable benefit totals used to justify improvements. 

3 ° O p . c i t . 
^ ^ M . Beckmann, C. B. McGuire, and C. B. Winsten, Studies in the Economics of Transportation, 

Yale University Press, 1956, Chap. 2; Arthur Maass, et a l . Design of Water-Resource Systems, Harvard 
University Press, Cambridge, 1962; J. Hirshleifer, et a l . Water Supply, University of Chicago Press, 
1960. 
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Case 3: Construction of New Proposed System A and Incremental Im­
provement of Proposed System A to Level of System B. Com­
pute the incremental values as shown in item No. 9 of Table 1.2; 
also, compute values of System A as shown in item No. 4. 

1.3.4 Procedures for Measurement of Perceived User Travel Benefit and 
Net Perceived Benefit for Diverted, Induced, and Growth Traffic, 
and Their Critique 

Earlier, the demand function was characterized as dependent on a number of im­
portant system and environmental variables and factors; also, i t was noted that the de­
mand curve wil l tend to shift upwards and to the right with general growth in population 
and Income, somewhat as shown in Figure 1. 5. These demand curve shifts result in 
the so-called "diverted, induced, and growth" traffic which wil l use the new or im­
proved facility. Figure 1. 5 illustrates the user price-volume curve before and after 
system improvement and includes demand curves for five successive years. 

Using Figure 1. 5, one can determine how much traffic wil l use the road during each 
year if the system remains unchanged (System A) or if the system is improved (Sys­
tem B).*^ The curves indicate that in earlier years the annual volume increases wil l 
be larger than those for succeeding years since each year the prospective traffic con­
gestion wil l be higher than that for the preceding year ( i . e., the unit price wi l l increase 
each year), and so forth. For System A, without improvement, the increase in traffic 
volume from V^^ Q to V^^ j and from V;̂ ^ j to V^^ 2 ^ (so-called) "normal traffic 
growth" for the f i rs t and second years. For System B, the improved system, the traffic 
growth from Vg Q to Vg ^ and from Vg ^ to Vg ^ forth, can also be regarded 
as normal traffic growth. Further, where System B represents a replacement of or 
improvement of System A, the base traffic which would have continued to use System A 
if i t had not been improved (or, Q) but instead is using System B during its f i rs t 
ful l year is the "diverted traffic"; therefore, the remaining traffic on the improved 
System B during the f i rs t fu l l year of its operation, or Vg ^ minus Q, includes the 
"induced" and normal traffic growth portions. The induced traffic portion is equal to 
Vg Q minus V ^ Q and the normal traffic growth portion is equal to Vg minus Vg ^ 

Our definition of allowable user benefit excludes consumer surplus and the price to 
the traveler is assumed to be his perceived price (since the demand curve is used for 
traffic prediction purposes). Thus, there is no necessity to distinguish between user 
benefit for diverted trips and that for induced trips; i t is only necessary to know the 
unit price of travel and the total amount of traffic which uses or would have used the 
system at that price. 

In other words, for the method as outlined, the total allowable perceived user bene­
f i t for System B during the f i rs t fu l l year (year 1) of operation is V_ , times p_ , 
(and then placed on an annual basis), and that for the second year would be V^ , times 

a, i 
Pg 2) etc. For System A without Improvement, the total allowable perceived user bene­
f i t would be V ^ Q times p^ Q during year " 0 " , and would be V ^ times p^ ^ during 
year " 1 " , etc. ' 

^^ I t is assumed in this example that System A was in existence during year 0 (i.e., the present 
year), while the improvement w i l l not be in existence until the end of year 0. 

^^The benefit streams for A and B w i l l differ slightly since System A w i l l accrue user benefit in 
year 0 since i t was already in existence, whereas i t w i l l take some time (say a year) as well as a 
commitment of capital to improve the faci l i ty before user benefits can begin on System B; a one year 
lag has been assumed here, with improvement (or construction) taking place during year 0. 
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Figure 1.5. Supply and demand curves for system with or without improvement. 

Notationally, the total allowable perceived user benefit to be measured in the x th 
year for System y would be simply 

Total allowable perceived user benefit = (V ) (p ) 
y, X y, X 

1.1 

in X th year for System y. 
Also, if one desires to compare the benefits and costs of various alternatives, i t is 

important that the time scale be handled properly. In other words, i t makes little 
sense to compare directly the benefits and costs of System A in the year 0 with those 
of System B in year 1, etc. 

These aspects of benefit measurement and economic analysis have been handled in 
different ways in various texts. Oglesby and Hewes point out that " i f an analysis indi­
cates that traffic on a proposed project wil l increase with time, this increase should 
be recognized in the economy study. However, in their detailed example, in which 
the benefits and costs of an improved facility are compared with those of the existing 
roadway, they note: "The present average annual daily traffic as determined by counts 
is 800 passenger cars, 100 pickups, 60 single-tmit trucks, and 30 combination vehicles. 
This volume is assumed to remain constant for the study period." Obviously, this 
constant annual traffic assumption is hardly typical; relative to the more common ex­
ample illustrated in Figure 1.5, i t appears that Oglesby and Hewes have assumed that 
only one demand curve exists over time and that demand can simply be represented by 

3*C. H. Oglesby and L. 
1963 (2nd Ed.), p. 84-85. 

=^lbid., p. 

I . Hewes, Highway Engineering, John Wiley and Sons, Inc., New York, 

90. 
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the DQ demand curve. Also, they have assumed that existir^ and improved roadways 
wil l have the same volume of travel. In essence, they have assumed that the demand 
curve is vertical (or, in the jargon of the economist, that demand is perfectly inelastic 
with respect to the price of travel) and thus that no matter how much you improve the 
road no more people wUl use i t or no more frequent use wil l be made of i t . 

The Oglesby and Hewes example differs from our procedure in another important 
respect. Oglesby and Hewes include two categories of cost in their economic analyses: 
(a) road user costs (but not including vehicle time depreciation costs, or those for 
parking, etc.); and (b) highway costs (both capital and continuing costs). However, in 
their example, benefit is defined as the difference between road user costs for the al­
ternative of lower f i rs t cost and those for the alternative of higher f i r s t cost. Thus, 
their definition of benefit is different from that outlined in earlier sections and is equiv­
alent to defining benefit as equal to the change in consumer surplus accruing to users. 

Average Unit 
User Price 
of Travel 

Demand ^ ^ 
Function 

Price - Volume Curves 

System A 
System B 

andv. 

Average Unit 
User Price 
of Travel 

(Implied) 
OGLESBY-HEWES 
RELATIONSHIPS 

(Q) 

•Volume of Trips 

Demand 
Function. 

Note: System Ax Existing Facility 
Before Improvement 

System B: Existing Facility 
After Improvements 

System A 
System B 

WOHL-MARTIN 
RELATIONSHIPS 

(b) 

^Volume of Trips 

Figure 1.6. Perceived user cost and benefit relationships for different procedures. 
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The implications of these differences can best be shown by re fe r r i i^ to the relation­
ships in Figure 1.6. As noted earlier, the Oglesby and Hewes example assumes that 
the improved facility or System B in Figure 1. 6(a) wil l attract no more traffic volume 
than System A (the existing facility before improvement); however, i t would appear that 
such an assumption is unrealistic and that a demand curve with somewhat less than an 
infinitely large slope would be more appropriate. Thus, the demand curve and rela­
tionships in Figure 1. 6(b) appear to have more validity. Using the supply (user price-
volume) and demand relationships of Figure 1. 6(b) and using Oglesby and Hewes defini­
tion of benefit ( i . e., road user costs for System A minus road user costs for System B ) , 
the benefits from improvement of System A to the level of System B would be 

Improvement benefits = (p^) (V^) - (pg) (Vg) 

= (area ADOF) - (area BEOG) ( l . 2. a) 
It should be clear that the benefits when defined and computed as Oglesby and Hewes 
suggest wil l not necessarily be positive, but at times can be negative, depending on the 
shape of the demand curve ( i .e . , dependii^ on the demand elasticities) and on the re­
duction of the user price-volume relationship. Thus in those instances where traffic 
volume increases are taken into account we would assume that Oglesby would calculate 
highway benefits as follows (see Fig. 1.6. b): 

Improvement benefits = % (p^ - p^) (V^ + Vg) 

= area ABED (l.2.b) 
Again, this formulation of highway improvement benefit is equivalent to computing the 
change in consumer surplus accruing to highway users. (See Item No. 10 in Table 1.2.) 

The AASHO ("Red Book") procedure realistically accounts for increases in traffic 
flow which usually result from roadway improvements, ̂  but appears to handle the 
computation of user benefits improperly. 

In describing the traffic flow data which should be considered in economic analyses, 
and in detailing how to use the data, the AASHO method notes that:*' 

. . . Road user costs include all traffic directly involved or affected by 
the improvement. One alternative may include road user costs for ve-
hicles operating on a new or improved route and also those continuing 
to operate on one or more parallel or connecting routes on which the 
traffic flow is affected by the improvement. 

* * * 

Three steps are necessary to determine the value of. . . [the annual 
average daily traffic volume over the analysis time period] for each 
section of highway in an analysis: 

1. Estimate the annual average daily traffic that wi l l use the sec­
tion upon its completion; 

2. Determine the number of years for which the analysis is to be 
made, and the expansion factor for traffic on the section during 
this period; and 

3. Calculate an expanded annual average daily traffic volume that 
is a representative or average value for the period of analysis. 

^ ^ I t is d i f f icul t to imagine situations where this did not happen for public facilities since the price 
is always decreased because of the peculiarities of the pricing mechanism. 

° 'Road User Benefit Analyses for Highway Improvements, American Association of State Highway 
Officials , 1960, Washington, D.C., p. 14 and 15. 
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Figure 1.7. Perceived user cost and benefit relationships for AASHO procedure. 

The annual average daily traffic volume that is estimated to use the facility upon 
its completion (part 1 above) wi l l include the total diverted and induced traffic using 
the new facility during the f i rs t fu l l year; referring to Figure 1.7, this f i r s t fu l l year 
volume is determined from the intersection of and the supply curve for System B 
and is equal to Vg i. (ignore for the time being the conversion of the hourly traffic 
flow V to an annuil daily traffic volume figure.) Then, following steps 2 and 3 above, 
let us assume that is the demand curve which is representative of the demand con­
ditions over the period of analysis, and thus represents the average volume-demand 
conditions over the n-year period of analysis; with such an assumption, the flow Vg -
wil l represent the System B average annual daily traffic volume to be used for the ' 
AASHO benefit-cost analysis. 

The volume Vg g is used in all the examples of the AASHO procedure to determine 
the user cost savings and thus user benefits but, most importantly, is applied to the 
unit user cost data for both existing (before improvement) and proposed (after improve­
ment) alternatives. ̂  In other words, the AASHO procedure multiplies the unit user 
cost for the existing facility (before improvement) times the future representative 
volume, Vg j j , and then subtracts the product of the unit user cost for the proposed 
facility (af&r improvement) times the representative volume Vg g; this is equivalent 
of course to multiplying the representative future volume Vg fimes the difference 
between the user cost of the existing and the proposed facility. 

Referring to Figure 1. 7 and reviewing the analysis according to the intended AASHO 
definitions, which presumably was to include as user benefit all net value gained by the 
user (that is, to include all positive gains that he accrues from the improvement, in-
cluding consumer surplus), i t is clear that AASHO should have measured area JKMN, 

Mbid., p. 30, for example. 
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or all consumer surplus added as a result of the improvement. * However, if we fo l ­
low the AASHO procedure and determine the net benefit by multiplying the representative 
volume on the improved facility times the difference between the unit user cost of the 
existing facility (before improvement) and that of the proposed facility (after improve­
ment), the following would be obtained: 

Net user benefit (or user cost reduction from improvement) = 
areaJKMP = ( V g , ) ( p ^ , - P g , ) (1.3) 

In other words, the AASHO procedure would incorrectly include more user benefit than 
is justified even under a fu l l area consumer surplus criterion. Briefly, only those 
users who would have used the existing facility (System A) during the ii th year and in 
turn who wil l be diverted to the proposed facility (System B), or volume V . -, wi l l 
gain the fu l l cost reduction from p . - to p., -; the other users (or V„ - minus V . -) 
" A,n D,n B, n A, n 
wil l accrue surplus only to the extent of the difference between their position on the 
demand curve (the price at which they would start traveling) and the price p„ =• ^ 

Df n 
brief, the shaded area NPM is improperly included by the AASHO procedure. 

Another important point to be noted and taken account of is that regarding the con­
ditions under which the specific unit user costs are estimated. The AASHO Red Book 
is not too specific or clear on the matter, but does refer to the combined user costs 
" . . . for the type of highway and operating conditions thereon. "*" From their examples 
It can be assumed that they intended using them as we have noted in the above formula­
tion and in Figure 1.7. In short, the relevant user costs to be used are not the present-
day user costs, but the unit user costs which would occur during the n-year period of 
analysis and which, on the average, would result from the nth year volume. Many 
studies quite improperly use the present-day unit user costs in computing the user 
benefits over the life of the facility; that is, tiiey use the difference between p^ Q 

Pg Q or perhaps that between p^ j and Pg ^ for computing the unit user benefit rather 
than the difference between p • - and p„ _. 

Ayn Dyn 
Summarizing, the AASHO procedure is concerned with the measurement of the user 

cost reductions or so-called user benefit during a representative nth year after open­
ing of the proposed facility; for those road user benefit analyses in which i t is desired 
to include consumer surplus ( i . e., the fu l l area concept), the resultant user benefit 
for the n th year should be 

(AASHO) Net user benefit (including consumer surplus) = 

(^B, n) <PA, n ' ^B, n̂  " ^"^B, n " ^A, ^PA, n " ^B, n̂  = 4> 

^/^<VA,n-VB,n>(PA.n-PB,n> ^ ' - '^ 
However, the road user benefit for the AASHO procedure for the n th year in the case 
where consumer surplus for the new tripmaking is not included would be 

(AASHO) Net user benefit (w/o consumer surplus for new trips) = 

*^Here to correspond with the AASHO analysis, Dn is assumed to be representative of or an average 
for conditions over n years. 

*°AASHO, op. c i t . , p. 15. 
^^As noted earlier, the analysis and computation of user benefits, as defined either by our method 

or by AASHO, should be made year by year and accumulated (after proper discounting of future bene­
fits) over the l i fe of the fac i l i ty , rather than being placed on a representative year basis. However, 
this short-cut approximation w i l l be regarded as adequate for the time being. 
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For the procedure which we prefer to follow, wherein benefit is defined as t r i p -
making value to the extent that travelers actually pay for i t and thus does not include 
consumer surplus, the total perceived and allowable user benefit in the x th year would 
be 

User benefit of System A in x th year = ( V ^ ^ (p^ ^ (1.7) 

User benefit of System B in x t h year = (Vg ^) (pg ^) (1 . 8) 

The change in benefits resulting f r o m improvement can be computed directly as the 
difference between these two Eqs. 1. 7 and 1. 8. Furthermore, and in contrast to most 
other procedures, i t is suggested that the user benefits f o r each system or alternative 
being analyzed be computed separately f o r each year over the period of analysis rather 
than being placed on some "average" or representative year basis. The reason f o r 
suggesting this w i l l become more apparent as the arithmetic fo r capital budgeting and 
decision-making is discussed in the next chapter. Also, i t should be repeated that 
changes in user costs and benefits resulting f r o m system improvement usually are 
generally reflected in both the cost and benefit sides of the accounting ledger. 

1.4 SUMMARY AND CONCLUDING REMARKS 

In this chapter we have attempted to provide a framework f o r defining benefits and 
costs in a manner which is consistent with the body of knowledge and the principles 
common to the economist. While the adoption of these definitions requires a consid­
erable departure f r o m those usually presented in the highway engineering l i terature, 
such a change w i l l permit analysis of more general engineering design situations and 
w i l l avoid the diff icult ies which arise f r o m having one 'language" fo r engineers and 
another fo r economists, the latter being those upon whom engineers must rely for the 
economic theory to be used in engineering design. 

Another principal difference between the recommendations outlined in this chapter 
and those often followed in highway economy studies is that we have advised against 
the inclusion of consumer surplus in the benefit totals allowable fo r the economic 
justification of public investments. However, in making this conservative recom­
mendation, we not only detail the pr imary reasons f o r so doing (see section 1. 2. 3) but 
also emphasize that the matter of including or excluding consumer surplus is at least 
part ial ly a judgmental issue and thus cannot be argued s t r ic t ly on economic grounds. 

Finally, we would note that following a procedure such as we have suggested w i l l 
f u l l y permit the engineer to answer both important engineering design questions—Why 
do i t at a l l ? and Why do i t this way?—while the more traditional procedures often per­
mi t analysis of only the latter question. 



CHAPTER TWO 

The Evaluation of Alternative Engineering Designs: 
Methods of Analysis 

2.1 INTRODUCTION 

Once the system costs and benefits, however defined, have been determined f o r the 
alternative designs or systems, economic comparisons can be made to ascertain the 
most attractive capital investment alternative; i t is important to note that the costs 
and benefits must be placed on a proper time scale (that is, according to the year of 
their occurrence) and that the alternatives include among them the null or "do nothing" 
possibility. 

The most common capital rationing or capital budgeting techniques, and the ones 
with which we deal, are (a) annual cost method, (b) benefit-cost rat io method, (c) rate-
of - re turn method, and (d) net present value (or, net present worth) method. 

2.2 INTEREST OR THE TIME VALUE OF MONEY, CAPITAL RECOVERY, 
AND RELATED PROBLEMS 

Economic evaluations should recognize the importance of the time scale, and the 
abili ty of money to earn income over time, i . e., the "time value of money." Quite 
simply, a $1000.00 g i f t today is worth considerably more than a $1000.00 g i f t f ive 
years f r o m today, since the fo rmer can be invested in the in ter im and thus 5 years 
f r o m now the $ 1000 w i l l be enhanced by the total earnings over the 5-year period. Or, 
to put the matter another way, should you lend a $ 100.00 to an associate f o r f ive years, 
at the end of that period you probably would require repayment of not only the $100.00 
principal but also the accumulated interest (foregone), since you forfei ted the op­
portunity to earn interest or income during the 5-year period.*' Furthermore, as a 
lender you could have asked that your borrower repay the note or loan in one of a num­
ber of ways, a l l of which are in every way equivalent, i f , of course, the interest or 
discount rate i s constant over the period of the loan and i f your other investment op­
portunities have an equal return and r i sk . For example, you could have asked f o r a 
single payment at the end of the 5 years, or f o r equal payments at the end of each year, 
or for annual payment of interest on the principal amount of the loan plus the principal 
at the end of the 5-year period. 

The three methods of payment and the formulas used in computing the payments are 
shown in Table 2 . 1 ; the example assumes a present-day cash loan of $100 (net), f u l l 

number of excellent references on this subject are available, to include: E. L. Grant and 
W. G . jreson. Principles of Engineering Economy, The Ronald Press Co., New York, 1960; Joel Dean, 
Capital Budgeting, Columbia University Press, New York, 1951; Ezra Solomon, "The Arithmetic of 
Capital-Budgeting Decisions," and James H. Lorie and L. J . Savage, "Three Problems in Rationing 
Capital," both articles in The Management of Corporate Capital, edited by Ezra Solomon, The Free 
Press of Glencoe, New York, 1964; H. Bienman and S. Smidt, The Capital Budgeting Decision, The 
Macmillan Company, New York, 1966; Jack Hirshleifer, J . DeHoven and J . Milliman, Water Supply 
Economics, Technology, and Policy, University of Chicago Press, Chicago, 1960. 

*^Notice the equivalence that was implied between interest or income foregone and so-called 
opportunity cost (that is, the cost of a lost opportunity). 
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repayment within 5 years, and an interest (or discount) rate of 6 percent. To demon­
strate that the three methods of repayment are indeed equal over the 5-year period we 
have computed the present value of the repayments, that is , the sum of the repayments 
made over n years with each payment discounted to its present value. 

Again, i t should be noted that these three repayment methods are equivalent only fo r 
the assumed interest or discount rate, and only so long as the return to be gained f r o m 
other investments is the same as the discount rate used in these formulas. 

In simple terms, over the n-year period each of the three methods has provided the 
lender with an interest or income of i percent per annum on his capital loan and has 
recovered his capital of amount P. The only difference is when the payments of interest 
and capital recovery are made. I t may be helpful to note that the second method (or. 
Method n) is that which most people commonly experience with home mortgages or with 
installment loans of one sort or another. 

Intuitively, most of us have a feeling fo r the extent to which future costs or benefits 
are "devalued" or discounted relative to present-day values. Given the choice between 
receiving something desirable today or receiving i t tomorrow, most of us w i l l prefer 
r ece iv i i ^ i t today; or, given the choice of doing something unpleasant either today or 
tomorrow, most of us w i l l prefer delaying i t unti l tomorrow. Present worth or present 
value data are part icularly useful in noting more precisely the extent to which future 
costs or benefits are devalued when compared with present-day costs or benefits; fo r 
this purpose, the present value or present worth formula (pwf . ^ was used to con­
struct the i l lustrat ion shown in Figure 2.1 fo r three interest rates—3, 6, and 8 percent 

S/.00 -

0.80 
Present 

Value 
of$l 060 

(pwf'J 

0.40 

0.20 

Interest Present Value of 500 
Rate Is Equivalent to $1 in: 
3% 23 years 
6% 12 years 
8% 9years 

Interest Present Value of f l 
Rate in 20years is: 
3% $0.55 
6% $0.31 
8% $0.21 

(i+tr 

40 60 
Yeart 

Figure 2.1. Present value of $1 spent or earned in year t for different interest rates i 

100 
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TABLE 2.2 per annum; the numerical values fo r the 
PRESENT WORTH OR VALUE J ^ 'v t " ' rate are given in Table 

TTAPTOR AT viTAw t TTOR 2. 2. I t Can be shown that the present 
RVvWrvwr TOwns-^T* of money spent or earned in future 
6 PERCENT INTEREST ^^^^^ ^ . ^ ^ decreases with i n ­

creases in time t, that the present value of 
money at any time t decreases exponen­
t ial ly with the interest rate, that the per­
centage decrease in present value (for a 
given interest rate) remains constant with 
increases in time t, and that at any point 
in time the percentage decrease in present 
value occurring with an increase in the 
interest rate is l inearly related to time t, 
and inversely and linearly related to the 
interest rate. 

Several important things arise f r o m our 
consideration of the time value of money. 
For any reasonably typical interest rate, 
say 6 percent, money in the fa r future has 
l i t t le value at present; in Table 2. 2, f o r 
example, a $1.00 in 10 years is worth 
only $0. 56 today and $1.00 in 20 years 
is worth only $0.31 today. In 40 years, 
$1.00 is not even equivalent to $0.10 to­
day. Visualize this aspect in two ways: 
(a) a to l l road operator, fo r example, w i l l 
have l i t t l e interest in the to l l revenues he 
is to obtain 40 years hence, and by the 

same token a public highway department should regard l ightly any benefits (tangible or 
not) to be anticipated far into the future; and (b) neither a to l l road operator nor a state 
highway department should be particularly concerned about expenditures (for roadway 
improvement or replacement) which w i l l be made in 40 to 50 years since these costs 
(just as the benefits) are not highly valued relative to those taking place in the present 
or near future. 

Capital recovery, in simplest terms, pertains to the recovery of the capital invested 
in any project—over and above the interest on the capital. The purpose of recovering 
capital is fundamental and is to insure that the continuance of "income" or benefit 
(whatever its form) w i l l be assured after the end of the project l i f e . In other words, 
presumably at the end of the service l i f e , the in i t ia l project w i l l no longer continue to 
produce income on the capital unless the capital is replaced; thus i f the in i t ia l capital 
has been entirely dissipated (and no capital has been recovered), then no further income 
or benefit w i l l be forthcoming. Conversely, i f the project has an indefinitely long l i f e , 
obviously the replacement or recovery of capital is of l i t t l e importance. 

In a l l three of the repayment schedules in Table 2 . 1 , capital as wel l as interest was 
recovered by repayments, though in two methods a l l capital was recovered at the end 
of the service l i fe (or loan period f o r that analysis) and in the th i rd method the capital 
was recovered gradually. 

Year p w f ' i ^ t 

1 0.9434 
2 0. 8900 
3 0. 8396 
4 0. 7921 
5 0. 7473 

10 0. 5584 
15 0. 4173 
20 0.3118 
25 0. 2330 
30 0.1741 
40 0.0972 
50 0.0543 
60 0.0303 
70 0.0169 
80 0.0095 
90 0.0053 

100 0.0029 

•Grant, op. cit,. Table E-13. 

2.2 .1 Appropriate Interest Rates f o r Public Investments 

I t is part icularly appropriate to discuss the aspect of setting "reasonable" interest 
rates fo r the analysis of public investments. In this regard, the principles as stated 
in the Green Book fo r water resources are equally appropriate f o r highway or transport 
investments and can be summarized by two of its paragraphs:** 

**Proposed Practices for Economic Anal/sis of River Basin Projects, Report to the Inter-Agency 
Committee on Water Resources, Washington, D.C. , May 1958, p. 22 and 24. 
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Prevailing inferest 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 a l ­
lowance for private undertakings involving 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 a l ­
ternative 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 deflationary 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 dis­
count rate applied to deferred effects. 

The AASHO Red Book does not confront the subject as directly, but does imply a 
cr i ter ion f o r choosing interest rates in its examples; for instance, in one case i t is 
noted that " . . . the prevailing local interest rate is 5 percent," a percentage figure that 
subsequently was used in the accompanying annual cost computations. *^ ( in other nu­
merical examples, the interest rates varied between 3. 5 and 6 percent.) Also, other 
comments in the AASHO Red Book are appropriate:^ 

Reports of authoritative groups. . .support the inclusion of interest, 
even on invested copital which is not borrowed money. It seems con-
clusive 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. 

Hirshleifer et al recommend that the public and private sectors should use the same 
discount rate and argue that:^'' 

. . .The existence of a different (and lower) discount rate in the 
sphere of public as compared with private investment decisions is 
inefficient. . . . If a lower rate is used, public projects will be 
adopted where the capital could alternatively be used for purposes 
of private investment or consumption that are valued more highly 
by consumers. 

Further, they suggest that 4 to 5 percent would be an appropriate riskless discoiuit rate 
fo r government investments in this country, but that 10 percent would be more appro-

*^AASHO Red Book, op. cit., p. 31. 
*«lbid., p. 55. 

Jack Hirshleifer, James de Haven, and Jerome Milliman, Water Supply Economics, Technology, 
and Policy, University of Chicago Press, 1960, Chaps. 6 and 7. 
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priate fo r public water resources' investments i f the discount rate Is to reflect the r isks 
of incorrectly estimating the project benefits and costs. *^ 

A point of view s imilar to that of Hirshleifer et a l has long been expressed by Grant 
and Winfrey, among others; in one wr i t ing . Grant noted:* 

. . .In general, the minimum attractive rate of return should never be less 
than the cost of money. Often, however, the minimum attractive rate of 
return should be considerably higher than the cost of money because of 
considerations related to the investment opportunities foregone. In the 
language of the professional economist, the concept of "opportunity cost" 
is applicable to the selection of the interest rate to be used in economy 
studies. 

Also, on commenting about the specific interest rates which seem most appropriate 
(at the present time) fo r making economy studies. Grant says:"** 

. . .To be specific, I suggest the use of a 7 percent figure; as already 
mentioned, this is the figure currently used in many economy studies 
for the regulated public utilities throughout the United States. 

Winfrey makes the same point, but emphasizes the r i sk aspects more in stating:''^ 

There is no foundation for the conclusion that public enterprise con 
justify a lesser return than investment in private enterprise, the risks 
being comparable. There is no justification for the conclusion that a 
public enterprise of comparable risk should earn only 3 percent, 
whereas in industry it would be permitted to earn a 10 percent return. 
Lower interest rates and returns in public works as compared to pri­
vate industry are used because of the lesser risk. 

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 re­
garding 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 comparisons 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 as a whole. 
Here the decision involves the drawing of resources from all other pos-

*8|bid. 
* ^ E . L. Grant, Interest and the Rate of Return on Investments, HRB Special Report 56, p. 82-83. 
^°lbid., p. 86. 
^^R. Winfrey, Concepts and Applications of Engineering Economy in the Highway Field, HRB 

Special Report 56, p. 22. 
^^Richord 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. 
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sible public and private uses. The funds so taken might have been in­
vested in other productive endeavours 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 recognized. 

Suffice i t to say that we are in agreement with the above wr i t e r s ' views and feel that 
an interest rate must be used in a proper economy study and that i t should be a realistic 
value. The fact that important public decisions are often made with very low interest 
rates (and sometimes with a zero interest rate) can only be a matter of concern for 
both engineers and economists. 

2.3 PROBLEMS INVOLVING RISK AND UNCERTAINTY 

With most investment or design situations, and where improvements require the 
expenditure of capital or operating funds, the designer or decision-maker usually 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 es t i ­
mate or guess what the costs and benefits w i l l be on an uncertain basis—either because 
of lack of information or because of certain unpredictable aspects; fo r example, bene­
f i t s f r o m highway construction may be dependent upon population growth, meteorological 
conditions, or other such variables whose future values cannot be predicted with com­
plete accuracy or certainty. Thus the designer (or decision-maker) is forced to r i sk 
resource commitments against uncertain future gains. (Similarly, in not undertaking 
a project, some risks are taken by the designer or decision-maker.) 

Problems involvmg "doubt" or "unpredictability" f a l l into two classes, definitionally, 
and generally are categorized as ones of either " r i sk" or "uncertainty, " The distinc­
tion between the two terms is as follows: 

1. Problems of r i sk are those whereby the future outcomes or consequences have 
a known probability of occurrence; thus while the chances of a particular outcome may 
be known, no assurance can be given of which particular outcome w i l l take place. 

2. Problems of uncertainty are those whereby even the probabilities of the future 
outcomes or consequences are unknown and whereby the probabilities can be determined 
only subjectively. 

These distinctions are of vi ta l importance in the matter of determining the specific 
probabilities of the various outcomes and consequences associated with different ac­
tions, ^ and thus in the matter of determining the level and character of benefits or 
costs to be anticipated in any particular year for any specific project. However, the 
matter of es t imat i i^ these probabilities or a probability density (or mass) function, 
whether on some objective or on a subjective basis, w i l l not be treated herein but w i l l 
be l e f t to the reader. ^ Further, in the following discussions of r i sk and uncertainty, 
no particular distinction wUl be made between the two terms, and the probabilities as­
sociated with various events** w i l l be stated without regard f o r their determination; 
in so doing, no violence is done to the generality of the economic analysis techniques 
and to the methods and procedures f o r analyzing consequences, once the probabilities 
of their occurrence are known. 

•"̂ Âmong a number of excellent references, see: Herman Chernoff and Lincoln Moses, Elementary 
Decision Theory, John Wiley and Sons, New York, 1959; Robert Schlaifer, Probability and Statistics 
for Business Decisions, McGraw-Hill Book Company, New York, 1959; and Duncan R. Luce and 
Howard Raiffa, Games and Decisions, John Wiley and Sons, New York, 1957. 

^*An action is simply an alternative design available to and subject to the control of the designer, 
while an event is a possible occurrence which can take place and which is beyond the control of the 
designer and is independent of the set of actions. 

^^See the previous references, for example. 
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TABLE 2 3 
PROBABMTIES FOR EVENT x IN YEAR t 

Event* X 
Occurring in Year t, 

Where t Is 4 

Probability of Occurrence of 
Event X in Year t, 

Where t Is 4 
P < \ t ' 

1 
^ 4 

0 17 

2 ^2,4 0 39 

3 \ 4 0 28 

4 \ 4 0 16 

1 00 

*These events could be regarded as, say, different levels of car 
ownership (and thus travel) m year t, providing of course that car 
ownership and travel are independent of the possible actions, which, 
say, are altemotive roadway designs 

TABLE 2.4 
PAYOFF TABLE 

(VP^ „ X Value of Payoff* of Action (A ,) in 
*» y» ^ /"» V 

Year t, Given the Occurrence of Event (E^ J , 
X, z Where t Is 4 

Event 
Action 

Event 
^ 4 \ 4 \ 4 *3,4 4,4 

^ 4 0 $5 84 $6 60 $6 50 $5 70 

^2,4 0 7 15 6 80 6 65 6 40 

^ 4 0 7 40 7.45 7 80 7 65 

\ 4 0 9 00 8 30 8. 75 9 15 

*For purposes of the example, assume these payoff 
values to be net revenues, in S millions, also, action A, 
refers to "no action," or the null alternative '0,4 

To illustrate the general principles consider the example shown in Tables 2 .3 and 
2.4, wherein the payoff or net revenue (gross annual revenues minus gross annual 
costs) to be derived f r o m alternative tol l-road projects (or, no project at all) in year t 
af ter i ts opening is determined; i n determining the net revenue, we wish to account f o r 
the rather uncertain nature of the economy as i t affects income, car ownership, and 
in turn travel and to l l revenues. 

Table 2.3 includes the probabilities of occurrence of each event which affects the 
outcome or consequences f o r the actions being analyzed; these probabilities can in turn 
be applied to the values included in the payoff table. Table 2 .4 , to determine the ex­
pected value of each of the set of proposed actions to be analyzed. (A payoff table 
merely shows the values which each action can be expected to "pay o f f , " given a par­
ticular event; Schlaifer describes i t as a table which shows the conditional values, or 
values of each and every action given each and every event. ) ^ 

These probabilities and prospective net revenues or payoffs can be integrated to 
provide an estimate of the most probable or expected net revenue of action y in year t . 
This last step is carried out in Table 2. 5, wherein p(E J , the probability of event x 

x, r 
occurring in year t, is multiplied times VP . (the payoff of action A ., action y 

y> ' y> 
at year t, given the occurrence of event E .) and summed over a l l n possible events 
fo r action y. ^ ' ^ 
Thus: 

where 

Expected value of action y in year t = ^ p(E J (VP J (2.1) 
3j = i ^>'' X, y, r 

P(E. 
VP 

'x,t) 

x , y , t 

probability of event x occurring in year t, and 

value of payoff of action A„ . in year t, given the occurrence of event 

I t is important to c la r i fy the meaning and usefulness of these expected value figures, 
fo r there is considerable latitude in their application. In a situation where the sole 
cr i ter ion fo r measuring value, efficiency, and "goodness" is maximization of the ex­
pected or most probable payoff value of actions and events, i t is clear that fo r our 

s^Schlaifer, op, cit., p. 25. 
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TABLE 2.5 

EXPECTED VALUE OF ACTIONS* 

Action y in Year t 
(where t is 4) 

Expected Value** of Action y in Year t 
(where t is 4, $ millions) 

\ 4 $0,000 

\ 4 7.295 

^ 2 , 4 7.188 

•^3,4 7.282 

4,4 7.071 

*Based on data in Tables 2.3 and 2.4; also, expected value is used 
herein in the sense of "weighted average" value. 

**Expected value of action y in year t = E p(E ) ^^P ) 
X — i "ft x,y,r 

example of f ive actions or alternatives, the A j ^ action would be preferable i f these 

were the only data available. However, inasmuch as the expected values in Table 2. 5 
are only fo r a single year (year 4), as the capital costs are not necessarily accoimted 
fo r , and as no discounting of the future expected values has been accomplished, no f i r m | 
conclusion or finding can be made regarding the best or preferred action, even in the 
instance where the sole cr i ter ion was maximization of the expected payoff value. In 
short, a complete analysis must include expected value data f o r a l l other years in the 
analysis period, in addition to the in i t ia l capital costs, a l l of which must be discounted 
properly. 

Even with a l l payoff value and cost items included in our totals and even with proper 
discounting, the action or alternative with highest expected payoff value may not neces­
sari ly be regarded as the best or preferred action. For example, i t would be entirely 
proper fo r those risking the investment funds to select other c r i te r ia as more appro­
priate fo r their purposes. For example, the best action alternative might be selected 
on the basis of comparing the lowest possible payoff of each of the actions and choosing 
that action having a minimum payoff which is larger than the minimums of the other 
actions (the so-called MAXIMIN solution). Another decision-rule might cal l f o r se­
lecting that action or alternative offering the largest possible payoff (or so-called 
MAXIMAX solution). 

From Table 2.4, the action to be selected with a MAXIMIN decision-rule would be 
Ag 4 and that to be selected with a MAXIMAX decision-rule would be A ^ ^. For these 

data, both of these decisions would be different f r o m the action selected by the maxi ­
mum expected payoff rule. 

Finally, in this brief introduction to the subject of uncertainty (and even more 
superficially that of decision-making), i t should be emphasized that our intention was 
not to cover the subject appropriately but merely to indicate the nature of the subject 
and to note how i t might be applied to help reflect uncertain or unpredictable events. 

2. 4 METHODS OF ECONOMIC ANALYSIS 

Each of the four principal techniques fo r analyzing highway and transport invest­
ments (annual cost, benefit-cost ratio, rate-of-return, and net present value) w i l l be 
described both qualitatively and analytically, and wUl be compared and evaluated in 
terms of their validity, strengths, and weaknesses. 

For these purposes, we f i r s t define a set of symbols which pertain to the total (a l ­
lowable) costs and benefits associated with any particular system or project. (See 
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Table 1.1 and related sections in Chapter 1.) The items of cost associated with a 
project or alternative are as follows: 

CFC . = capital costs (for project y in year t) f o r fac i l i ty 
^ ' (roadway) construction, land acquisition, social 

dislocation, and the like; 
CFO . = continuing costs f o r f ac i l i ty operation and main-

^ ' tenance costs (for project y in year t) ; 
CVC . = capital costs fo r vehicles and their terminal f a c i l i -

ties (for project y in year t); 
CUT . = continuing travel t ime, discomfort, and inconven-

^ ' ience costs fo r users (for project y in year t); and 
CVO . = continuing costs fo r user vehicles and terminal 

^ ' fac i l i ty maintenance and operation (for project y 
in year t ) . 

Similar ly, the items of benefit associated with a project or alternative are the following: 

BUN . = non-perceived user travel value or benefit received 
'» by users f r o m tripmaking (for project y in year t) ; 

BUM . = perceived user travel benefit received by users 
y» f r o m tripmaking (for project y in year t); and 

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

A t the outset i t must be stressed that each of these methods of economic analysis 
in one way or another has associated with I t an interest rate and a period of analys is ." 

2 .4 .1 Annual Cost Method 

With the annual cost method, the capital costs generally are placed on an equivalent 
annual basis (to include principal and interest)'^ and then added to the continuing fac i l i ty 
and user operating and travel costs, after the travel volume has been placed on an 
equivalent annual basis. (This latter aspect is handled in Chapter 3). 

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

Anal3rtically, the annual cost method may be expressed as follows: 

TAC^ - r l = (erf. „ ) (CFC„ ) + CFO„ j y , t J i j U j , y ,o y , t 

+ (erf. „ ) (CVC„ ) + CVO„ J + CUT,, -r /» , i 

where 

TAC t l . 
y» i j i 

Equivalent annual costs for project y during the t t h year, using an 
Interest rate of 1; 
service l i f e of fac i l i ty (or period of analysis); 

^•'Other terms for interest rate are discount rate, and opportunity cost of capital. 
58This would be done in much the same fashion as a bonk handling a home mortgage; obviously, it 

is necessary to specify an interest rate (or set of interest rates). 
s^This formulation, one common to highway engineering literature, assumes implicitly that the 

capital costs are initially committed in year 0 (i.e., at the present) and are replaced periodicially at 
the end of their service lives. 
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t = 

n „ = 

e r f . 

representative year during the service l i f e n or that year having "equiva­
lent annual" costs; 
service (or replacement) l i f e fo r fac i l i ty capital items; 
service l i f e fo r vehicle capital items; and 
capital recovery factor at an interest rate of i and f o r a l i f e of n ; com­
puted as shown in Table 2.6. ^ 

In applying this method, both the fac i l i ty and vehicle capital costs should be treated 
separately, by item, in those cases where the service lives vary (such as fo r r ight -of -
way and structures). Also, this formulation at least suggests that automobile owner­
ship costs should be treated as any other capital cost, rather than handled as a variable 
or per vehicle-mile cost. 

I t should be noted that benefits are not considered in the annual cost method. Since 
any investment accrues benefits which are of concern to the investor, a decision made 
without consideration of the benefits invariably assumes that the benefits f r o m each 
alternative investment project are the same. In other words, so long as the benefits 
to be achieved f r o m the various projects are identical, the cheapest project w i l l be best. 
However, in the more usual or typical case where volume wUl increase as the t r a f f i c 
service improves (particularly so long as the present-day user gas and excise tax 
policies continue), neither the volumes nor benefits f o r alternative projects w i l l 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 r e ­
sults would appear to be remote, this method is ruled out as a general economic anal­
ysis tool. 

2.4.2 Benefit-Cost Ratio Method 

The benefit-cost ratio method (which sometimes is called the cost-benefit method, 
as by Charlesworth of the English Road Research Laboratory) has been defined in 
various ways, and thus has been confused in practice. When comparing two projects, 
the associated benefit-cost ratio could appropriately be defined as the ratio of the addi­
tional benefits achieved by the more costly project to the additional capital and con­
tinuing costs incurred fo r the more costly project, a l l costs and benefits being placed 

TABLE 2.6 

CAPITAL RECOVERY FACTORS FOR CERTAIN SERVICE LIVES AND INTEREST 
(OR DISCOUNT) RATES* 

Service Percent 
Life 

(years) 0 2 3 4 5 6 8 10 

5 0.20000 0.21216 0.21835 0.22463 0.23097 0.23740 0.25046 0. 26380 
10 0.10000 0.11133 0.11723 0.12329 0.12950 0.13587 0.14903 0. 16275 
15 0.06666 0.07783 0.08377 0.08994 0.09634 0.10296 0.11683 0. 13147 
20 0.05000 0.06116 0.06722 0.07358 0.08024 0.08718 0.10185 0. 11746 
25 0.04000 0.05122 0.05743 0.06401 0.07095 0.07823 0.09368 0. 11017 
30 0.03333 0.04465 0.05102 0.05783 0.06505 0.07265 0.08883 0. 10608 
35 0.02857 0.04000 0.04654 0. 05358 0.06107 0.06897 0.08580 0. 10369 
40 0.02500 0.03656 0.04326 0.05052 0.05828 0.06646 0.08386 0. 10226 
45 0.22222 0.03391 0.04079 0.04826 0.05626 0.06470 0.08259 0. 10139 
50 0.02000 0.03182 0.03887 0.04655 0.05478 0.06344 0.08174 0. 10086 
60 0.01666 0.02877 0.03613 0.04420 0.05283 0.06188 0.08080 0. 10033 
80 0.01250 0.02516 0.03311 0.04181 0.05103 0.06057 0.08017 0. 10005 

100 0.01000 0.02320 0.03165 0.04081 0.05038 0.06018 0.08004 0. 10001 

*Coniputecl from: erf. = ' i d + i ) " 1 
i,n ( l + i ) " - i j 
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on an equivalent annual basis. ^ (As in the annual cost method, i t is necessary to speci­
f y the discount rate or rates.) Generally, the interest rate is defined as the opportunity 
cost of capital or minimum attractive return on capital, and thus no expense or incre­
ment of expense w i l l be made which has a benefit-cost ratio of less than one (1.0). 

Analytically, the highway engineer's definition of the benefit-cost ratio may be ex­
pressed as: 

(BUN. J ^ B U M . J ^ BOM, j ) - (BUN^^j^^ B U M ^ ^ ^ BOU^j)^ 

^ ^ ^ ^ j k . t ] , (2.3) 

where 

TAB { 

then 

benefit-cost rat io of project j as compared to project k, u s i i « 
equivalent annual costs and benefits f o r the t th year and an i n ­
terest rate of i . 

For simplici ty, let 

= equivalent annual benefits f o r project y fo r the t t h year at a d is ­
count rate of i . 

^ ^ « j , t 

This formulation of the benefit-cost ratio is different f r o m that sometimes appear­
ing in the highway engineering li terature; specifically, many highway engineers include 
only reductions in user costs as benefits in the numerator, and res t r ic t the denomina­
tor to differences between highway costs (capital and operating). 

The highway engineer's definition of the benefit-cost rat io differs f r o m that of the 
economist i n some important respects. According to the economist, benefit-cost ratios 
are f i r s t computed fo r each overall project. Second, incremental benefit-cost ratios 
are computed fo r the incremental effects of increasingly h ^ e r cost projects. Thi rd , 
the economist usually computes these ratios on the basis of discounted rather than 
equivalent annual costs and benefits; however, i t should be noted that these ratios w i l l 
be identical regardless of whether one uses discounted or equivalent annual costs and 
benefits. 

Using equivalent annual costs and benefits, the benefit-cost ratio f o r a single project 
(say, the j th project) would be: 

BCR ^ 
(BUNj^-H BUM. T 

ill. 
+ BOM. 

TAC ^" 
(2.4) 

The ratio shown in Eq. 2.4 w i l l permit evaluation of overall projects, and that shown in 
Eq. 2.3 w i l l permit evaluation of incremental effects. 

To determine the economic feasibUity of projects, the benefit-cost ratio should f i r s t 
be computed using Eq. 2.4 fo r the lowest cost project and then f o r each alternative of 

s°This definition is common to highway engineering practice; e.g., see AASHO Red Book and 
Oglesby and Hewes textbook. However, the inclusion of differences in continuing costs in the de­
nominator is in contrast to the procedure outlined by Maass, op, cit., p. 33 ff. 
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increasingly h i ^ e r cost. A l l projects which demonstrate a benefit-cost ratio equal to 
or greater than one can be regarded as suitable, economically, and w i l l provide eco­
nomic 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 fo r increasingly higher cost 
projects which satisfied the f i r s t test; Eq. 2.3 can be used f o r computing these incre­
mental benefit-cost ratios. Once the benefit-cost ratios f o r both the entire expenditure 
and increments of expenditure have been computed, that project of highest cost whose 
overall and incremental benefit-cost ratios are both equal to or greater than one w i l l be 
selected as the most desirable or economic. 

2 . 4 . 3 Rate of Return Method 

I n recent years the ra te-of- re turn method has received much attention i n the high­
way engineering economy li terature 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 earn­
ings on that project. "°^ Placing this in a general benefit and cost context, the rate-cf-
return would be that discount or interest rate at which the present value of both present 
and future benefits is just equal to the present value of both present and future costs. 

An engineer, by contrast, might define rate-of-return differently, and state that 
"the ra te-of-return method involves finding the interest rate at which two alternative 
solutions to an economy problem have equal annual costs or present worths. The f i r s t 
step is to f ind 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 proposals having 
successively higher f i r s t costs. 

There are important differences between the rate-of-return method as applied by the 
economist and that applied by the engineer; these w i l l be explained in detail later in 
this section. Furthermore, the techniques as outlined by the engineer are not s u f f i ­
ciently generalized to apply to a l l cases, but appear to apply only because of specialized 
assumptions used in the examples to demonstrate the method. 

There are tvro ways of computing r , the rate-of-return. 

1. Equivalent annual benefit and cost procedure: the rate-of-return, r , f o r project 
y is that discount rate which w i l l satisfy the following equali ty:" 

T A C y f = T A B y j (2.5) 

or 
(erf ) (CFC^ ) + CFO^ j + (crf^ ^ ) (CVC ) + CVO j 

1̂ 1 Hp y ,o y , t T,ny y ,o y , t 

+ CUT T = BUN r + BUM„ j + BOM„ -r (2.6) 
y> y> t y, I y, I 

Lorie and Savage, op. cit., p. 63. E. L. Grant uses a similar definition. 
^^Solomon, op. cit,, p. 74. 
^^Ciarkson Oglesby and L. Hewes, Highway Engineering, John Wiley & Sons, New York, 2nd Edi­

tion, 1963, p. 86. However, we would interpret "capital outlay" and "investment" more broadly 
and would include ail cash expenditures over the analysis period. 

^*Eq. 2.6 applies, as written, only for the case when the initial capital costs C F C ^ ^ and C V C ^ ^ 

ore mode during year 0 (i.e., when t = 0) and assumes periodic replacement. Eq. 2.7, however, is 
valid in all cases. 
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2. Discounted benefit and cost procedure: the rate-of-return, r , f o r project y is 
that discount rate at which the present value of a l l expected costs just equals the present 
value of a l l expected benefits, and is the Interest rate which satisfies the following equa­
tion: 

(Pwf ' r , t) <CFCy^, . CFOy^ ̂  . CVC^^ ^ . CVO^^ ^ . CUT^^ ^ = 

E (pwf' J (BUN,, , + BUM„ , + BOM„ ,) (2.7) 

where p w f ^ is the present worth factor as defined earl ier , and n is the period of 

analysis. (Sometimes n is assumed to be equal to the least conmion multiple of the 
service l ives of the projects being compared, o r to be equal to the longest service l i f e 
of any capital i tem of a l l projects being analyzed.) 

While either of these two procedures fo r de termini i^ the rate-of-return is correct, 
the latter seems more useful and simpler in actually carrying out the analysis. In any 
further discussion, the discounted benefit-cost procedure w i l l be considered to be 
common practice, as i t usually is among economists. 

In choosing among alternatives, each alternative having a rate-of-return at least 
equal to the minimum attractive return or (opportunity) cost of capital can be regarded 
as acceptable. However, those "alternatives which require greater investment (than 
the smallest investment alternative which is acceptably profitable) are preferable to 
this (smaller) one only i f the added Investment over this (smaller) amount produces 
enough added earnings to yield a satisfactory rate-of-return. 

Perhaps a clearer explanation of the decision-making c r i te r ia fo r the rate-of-return 
method is given by Lor ie and Savage:*® 

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 
exceeds the firms' cost of capital (or other cutoff rate), tentatively ac­
cept that investment. Next compute the rate of return on the incremental 
outlay needed for the investment requiring the second lowest outlay. If 
that rote exceeds the firm's cutoff rate, accept the investment requiring 
the greater outlay in preference to that requiring the lesser. Proceed by 
such paired comparisons (based on rates of return on incremental outlay) 
to eliminate all but one investment. 
3. 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 rote of return for the proposal requiring the next least 
outlay. If that rate exceeds the firm's cutoff rate, that investment pro­
posal becomes the bench mark for the first paired comparison. If that 
rate does not exceed the firm's cutoff rate, drop that proposal from 
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. 

Joel Dean, Measuring the Productivity of Capital, in The Management of Corporate Capitol, 
ed. by Ezra Solomon, Free Press of Glencoe, 1959, p. 28. 

Lorie and Savage, op. cit., p. 65-66. 
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This Interpretation of the rate-of-return method di f fers f r o m that often used by 
the engineer (and as described in the th i rd paragraph of this section). More specif i ­
cally, the engineer often notes that " , . . the f i r s t step is to f ind 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. This latter usage di f fers markedly f r o m that 
of the economist and i f s t r ic t ly adhered to would not require analysis of the rate-of-
return fo r the lowest cost alternative (whether i t be an existing fac i l i ty or the lowest 
cost entirely new project). Obviously, this implies that neither the existing fac i l i ty 
nor the lowest cost new project (if there is no existing faci l i ty) can be abandoned and 
i t implies that the lowest cost alternative is always economically feasible. Clearly, 
these assumptions are not always valid and, therefore, the engineer's interpretation 
must be rejected in favor of that of the economist. 

2.4.4 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 computec^ the appropriate opportunity cost of capital or minimum attractive 
return is used to set the interest rate f o r discounting the future cost and benefit 
streams. 

Net present value = sum of discounted benefits minus 
sum of discounted costs 

- S^ (pwf ' i , t ) (CFCy^^ . CFOy^^ . CVCy ^ 

+ CVO„ , + CUT ,) (2.8) 

where n is the period of analysis. 
No project having a net present value less than zero is acceptable with this analysis 

method, and that project of highest net present value w i l l be most desirable when 
choosing among mutually exclusive alternatives. 

Perhaps i t is useful to note that when analyzing only the incremental effects of 
changing one design detail or the other (such as the pavement design) and when the 
benefits w i l l remain unchanged use of the net present value method w i l l be exactly 
equivalent to the annual cost method in choosing the best design. However, fo r the 
task of answering the question "Why do i t at a l l ? " both the benefit and cost data are 
required. 

2. 5 SALVAGE VALUE AND TERMINAL DATE OR 
SERVICE LIFE PROBLEMS 

Two other special characteristics of economic analysis methods deserve particular 
attention; namely, the treatment of salvage value and treatment of the analysis period.' 

Alternative investments can only be properly compared by examining the c i rcum­
stances of cost and benefit over the same time period or time span. Br i e f ly , i f short 
and long l i f e investments are being compared, the economic analysis is not complete 
unless i t also considers the investment and income possibilities once the shorter l i f e 
project is terminated (since the longer l i f e project s t i l l continues and therefore may 
continue to produce income).® This problem of di f fer ing terminal dates or service 
lives may be handled in a number of ways. 

^'Oglesby and Hewes, op. cit., p. 86. 
^^An excellent reference is Solomon, op. cit., p. 74 ff. Also, see Grant and Ireson, op. cit., 

Ch, 16, 
°^AIso, it is necessary to consider the reinvestment possibilities for earnings generated during the 

various investment periods; this aspect will be covered in a later example. 
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F i rs t , i t may be assumed that the projects w i l l be perpetual and thus that the fac i l i ty 
w i l l be renewed and replaced periodically (according to the assumed service l ives). 
While this assumption may be a convenient one, i t hardly appears to be entirely valid. 
In any case, i f this assumption is made, i t should be so stated explici t ly. 

Second, the analysis may also be handled by analyzing the costs and benefits over a 
time period equal to the ' least common multiple" of the lives of the projects being 
analyzed. ^ During the time period a l l items of capital with service l ives shorter than 
the time period are renewed according to their respective service lives. The advan­
tage of this method of handling the problem is simply that i t eliminates the necessity 
of dealing with salvage values; that i s , the end of the analysis o r terminal date cor­
responds to a date where the capital of a l l projects is f u l l y depreciated and (presumably) 
has no salvage value. 

Third , one may select as the time period of analysis (or service l i f e or terminal 
date) the service l i f e of the project of longest l i f e and may use this time period fo r 
analyzing a l l projects. However, in this case i t may be necessary to account f o r the 
salvage value of some capital items and i t w i l l be necessary to take account of the i n ­
vestment possibilities f o r capital recovered f r o m non-renewable projects of shorter 
l i f e than the terminal date. 

A f ina l possibility is simply that any arbi t rary time period of analysis may be se­
lected and that a l l cost and income circumstances (including salvage and reinvestment 
of earnings) are properly accounted f o r a l l projects during that period. 

Salvage values can be incorporated into any of the techniques. For the methods 
which use discoimted costs and benefits (either net present value method or the rate-of-
return method), an additional negative te rm must be added to the cost side of the equa­
tion as follows: 

m 
Discounted salvage value = y\ (pwf ' . ) (S ) (2.9) 

x = i 

where 

S = salvage value of the x th capital i tem of project y at the terminal date 
y* ^ (n years) and interest i ; and 

m = number of capital items of project y having a salvage value in the n th year. 

For those methods using equivalent annual costs and benefits, the negative cost 
t e rm wUl be: 

m 
Salvage value = 2 „) (S„ ) (2.10) 

X = 1 ' 
where 

sff. = sinking fund f a c t o r " at interest i and at n th year 
1, n 

(1 + i ) ° - l 
(2.11) 

2.6 CRITIQUE OF ECONOMIC ANALYSIS METHODS 

We would remind the reader that our concern is with the problem of choosing among 
mutually exclusive alternative projects, and thus with choosing just one project f r o m 
a number of alternative ways of accomplishing the same general task. (Note further 
that one possible alternative is always to continue using the existing alternative, no 

•'°Grant and Ireson note this (p. 100), but restrict definition of the least common multiple of the 
lives to the two alternatives being compared; in general, all those mutually exclusive projects being 
considered and compared should be included in figuring the least common multiple. 

'^See Grant and Ireson, op. cit., p. 45. 
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matter how bad or inconvenient i t may be; in other words, the null or do nothing al ter­
native must always be Included among the set of alternatives being analyzed. ''^ 

The four principal economic analysis methods f o r choosing among alternatives were 
described in the previous section; we shall endeavor to compare and evaluate these 
techniques, noting both the diff icul t ies with regard to economic principles and compu­
tation. 

The annual cost method is a l l but neglected in this presentation as an appropriate 
economic analysis method since i t fa i l s to apply when the benefits of the alternatives 
being analyzed and compared are not identical; this almost always w i l l occur when the 
user volumes f o r alternatives are not equal. Since any two alternatives being com­
pared almost always w i l l have both cost and benefit streams that d i f fe r , the annual 
cost method can hardly be judged a practical or suitable analysis technique. These 
discrepancies w i l l be highlighted in the example problem in Chapter 3. 

The benefit-cost rat io method of analyzing proposals is less than desirable fo r 
three major reasons:''^ 

1. I t is not used on any widespread basis nor is i t wel l understood by other than 
water resources and highway engineering personnel—thus, when presenting the eco­
nomic analysis results to decision-makers or policy-makers, who more often than not 
w i l l be unfamiliar with benefit-cost ratio techniques and their meaning, some consid­
erable lack of understanding may occur; 

2. The benefit-cost rat io, by i tself , has l i t t l e significance and its relative value 
therefore is d i f f icu l t to understand and interpret—in other words, the difference be­
tween two proposals having ratios of 1.05 and 1.10 is d i f f icu l t to grasp, and can hardly 
be understood as readily as differences between alternatives can be judged when using 
discount rates or rates-of-return; 

3. The benefit-cost ratio is a rb i t ra ry with respect to whether cost reductions or 
savings should be called benefits or negative costs, and with respect to whether high­
way maintenance cost reductions should be included in the denominator or numerator, 
and so fo r th . 

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

The differences between the net present value and rate-of-return methods of eco­
nomic analysis, in terms of suitability and unambiguity, are subtle and not wel l i m -
derstood; they relate mainly to aspects which usually have been explored and understooj 
only by the economist and which are not usually reported in engineering l i terature. ^ 

Fi rs t , in a comparison between the net present value and rate-of-return methods, 
i t can be said that the net present value method w i l l always give correct economic 
decision-making answers or results while in some situations the rate-of-return methoc| 
can give ambiguous answers ." 

''^Where no system or facility is in existence, the null still exists in the sense that no capital out­
lays are required and no earnings will be forthcoming ().e., the net present value will be zero over n 
years). Thus if the estimated net present value for all proposed alternatives is less than zero (or 
negative), then the best alternative would be the null; that is, do nothing. 

'^For a full discussion of the technical difficulties associated with this method and its many appli­
cations, see: Roland McKean, Efficiency in Government Through System Analysis, John Wiley and 
Sons, New York, 1958, Ch. 7. 

''^Particularly appropriate are the aforementioned articles by Solomon, op. cit., and Lorie and 
Savage, op. cit., and the text by Bierman and Smidt, op. cit. 

'^One problem arises, for example, in situations when increases in the discount rate do not produce! 
steadily decreasing present values for certain proposals; while these situations would not appear to be [ 
typical or even relatively frequently occurring on highway projects, Lorie and Savage at least point 
out that this situation can occur and as a consequence con provide multiple rates-of-return and hence | 
ambiguous results. 
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An additional advantage of the net present value method is that a l l costs and benefits 
are stated in present-day terms and thus are uninflated by interest costs to be accrued 
in the future . For example, consider the present value (that is , real money require­
ments measured in present-day dollars) of a system which w i l l require $ 100 mi l l ion to 
be spent i n equal amounts, year by year over the next ten years;" i n such a case, the 
present value and more realistic present-day cost to be considered would be $73. 6 
mi l l ion , assuming a 6 percent discoimt rate. I t would be $61.44 mi l l ion with a 10 per­
cent interest rate. In short, balanced against present-day values and comparative 
costs, the $100 mi l l ion cash flow costs would appear inflated to the decision-maker." 

However, the rate-of-return does have the distinct advantage of being easier to un­
derstand and of being more widely understood, at least by the business world since i t is 
equivalent to fami l i a r business terms and concepts such as "effective yield" and " i n ­
ternal rate of p r o f i t . " 

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 i n ­
specting the net present value of the investments themselves. I f 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 and thus 
must be acceptable. Consequently, no added computations are necessary beyond the 
calculation of net present values f o r the alternatives. However, with the rate-of-
return method, one cannot be sure that the rate-of-return to be obtained f r o m incre­
ments of investment w i l l be equal to or greater than the cost of capital without actually 
carrying out the additional computations, or without examining the net present value 
data. Thus, greater computational diff icult ies w i l l be encountered in using the rate-
of - re turn method as compared to the net present value method. 

More importantly, though, the rate-of-return w i l l not necessarily provide correct 
results and answers (as w i l l the net present value method) f o r choosing amo i^ mutually 
exclusive projects which have different lives or terminal dates unless the rates-of-
return fo r a l l alternatives are calculated on the equivalent yield over the same time 
period of analysis applied to a l l alternatives, and unless the re-investment of earnings 
generated during the period of analysis is properly accounted for . ™ The importance 
of these points cannot be overstated. 

The ambiguity w i l l depend on the assumptions regarding reinvestment of funds which 
are recovered pr ior to the end of the time period of analysis. The problem arises be­
cause reinvestment aspects are generally handled impl ic i t ly and because the two 
analysis techniques treat reinvestment in different ways in the absence of explicit 
recognition being made about reinvestment. Indeed, Solomon has noted t h a t , " I f a 
common assimiption is adopted [about the reinvestment rate fo r funds f reed pr ior to 
the end of the time period of analysis], both approaches w i l l always rank projects 
identical ly." 

The problem involves the use of earnings which are released p r io r to 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 than thatof the in i t i a l 
project? I f no explicit mention is made of the reinvestment rate, the adoption of the 
rate-of-return or net present value cr i te r ia would imply that the following assumptions 
were made with respect to the reinvestment rate: 

1. Rate-of-Return. To use the rate-of-return cr i te r ion is to assume in certain 
cases that the reinvestment rate fo r a l l earnings or funds f reed pr ior to the terminal 

'^For 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, 

•"Certainly the discounted rate-of-return procedure (outlined in Section 2.4.3) also deals with 
uninflated costs and benefits, though the analyst seldom presents the discounted figures to the 
decision-maker. 

Grant and Ireson make the former point in Example 8-6, op. cit., but a more lengthy discussion 
of both points can be found in Solomon, op. cit., p. 75-77, and in Bierman and Smidt, op. cit., Ch. 3. 

'^Solomon, op. cit., p. 76. 
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date of the longer-lived project w i l l be higher than the cost of capital. For example, 
f o r a project having a higher rate-of-return but a lower net present value than the 
next best one, use of the rate-of-return cr i ter ion is to assume that the reinvestment 
rate w i l l 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 explici t statement to this effect, there would be every reason 
to regard the above assumption as invalid. Furthermore, the computation of the rate-
of- re turn f o r a project of l i f e L impl ic i t ly assumes that the reinvestment of earnings 
produced p r io r to the end of that l i f e are reinvested at a rate equal to that same rate-
of- re turn f o r the remainder of time during the l i te L . For example, fo r a project 
having a 10-year l i f e and ra te-of-re turn of 12 percent, this method impl ic i t ly assumes 
that earnings produced at the end of year 4 (say) would be reinvested at the rate of 12 
percent per annum f o r the r ema in i i ^ 6 years. Clearly, there is no particular reason 
to suspect that the project ra te-of-return and the reinvestment earnings rate should be 
equal. 

2. Net Present Value. "The [net] present-value approach, as usually defined, as-
siunes that the funds obtained f r o m either project can be reinvested at a rate equal to 
the company's present cost of capital 

In summary, the correct use of the net present value and rate-of-return methods 
has been stated by Solomon as follows:"^ 

Our conclusion is that correct and consistent ranking of the investment 
worth of competing proposals can be obtained only if the following factors 
are taken into account: 

1. The valid comparison is not simply between two projects but between 
two alternative courses of action. The ultimate criterion is the total wealth 
that the investor can expect from each alternative by the terminal date 
of the longer-lived project. In order to make a fair comparison, an explicit 
ond common assumption must be made regarding the rate at which funds 
released by either project can be reinvested up to the terminal date. 

2. If the rate of return is to be used as an index of relative profitability, 
then the relevant rote is the per annum yield promised by each alternative 
course of action from its inception to a common terminal date in the future 
(usually the temiinal date of the longer-lived project). 

3. If the [net] present value is to be used as on index of relative pro­
fitability, the expected reinvestment rate or set of rates should be used as 
the discounting factor. These rates will be equal to the company's present 
cost of capital only by coincidence. [Emphasis added.] 

That the two analysis methods can give conflicting results can be illustrated by 
examining two numerical examples given in Tables 2.7 and 2.8. In Table 2.7, assume 
that the analyst is choosing among two (mutually exclusive) alternative projects, one 
having a 10-year l i fe and capital outlay of $400,000, and the second having a 30-year 
l i f e and a capital outlay of $1 mi l l ion; also, the discount rate or (opportunity) cost of 
capital is assumed to be 6 percent, both at present and in the foreseeable future. In 
Table 2.8, two projects of equal capital outlay but wi th different service l ives or ter ­
minal dates are compared. 

In the comparison of projects A and B (Table 2. 7), project B would be judged as 
the best alternative of the two according to both the rate-of-return and net present 
value methods. WhUe the 7 percent rate-of-return fo r project A is higher than the 6. 5 
percent rate-of-return fo r project B, we must recal l that both projects have a return 

^"Solomon, op. cit., p. 76. 
Solomon, op. cit., p. 77. 



T A B L E 2.7 

COMPARISON O F ( M U T U A L L Y E X C L U S I V E ) P R O J E C T A L T E R N A T I V E S 
HAVING D I F F E R E N T S E R V I C E L I V E S AND C A P I T A L O U T L A Y S 

Project Alternatives* 
Item 

A B 

Project service life (or 
terminal date of projecO 10 years 30 years 

Capital outlays at year 0 $400,000 $1,000,000 

(Opportunity) cost of 
capital 6 percent per 

annum 
6 percent per 

annum 

Annual project earnings at 
end of each year ti l l 
project terminal date** $56,951 (per 

year for 10 
years) 

$76,577 (per 
year for 30 
years) 

Net present value t (at cost 
of capital) during project 
life $19,159 (for 10-yr 

costs and earnings) 
$54,082 (for 30 

yr costs and 
earnings) 

Rate -of -returnt t 7.0 percent over 10 
years 

6. 5 percent ove 
30 years 

*l t should be evident that the net present value of the additional capital outlay 
required by project B (over project A) is greater than zero, since the net present value 
for B is higher than that for A . And, the return on this additional outlay must be 
greater than the cost of capital, for the same reason. 

**For project A, terminal dote is 10 years hence, for B, i t is 30 years. 
tDiscounted earnings minus discounted costs over service l i fe , salvage value at end 

of service life assumed to be zero. 
+tSometimes called the "intemal rate-of-retum" or "discounted rate-of-retum." 

Also, the rate-of-retum figure shown, and as nomially calculated, assumes that the earn 
ings are reinvested at an equal rate during the remainder of the project l i fe . 

T A B L E 2.8 

COMPARISON O F ( M U T U A L L Y E X C L U S I V E ) P R O J E C T 
A L T E R N A T I V E S HAVING D I F F E R E N T S E R V I C E L I V E S 

B U T E Q U A L C A P I T A L O U T L A Y S 

Project Alternatives 
Item 

B C 

Project service life (or 
terminal date of project) 30 years 10 years 

Capital outlays at year 0 $1,000,000 $1,000,000 

(Opportunity) cost of 
capital 6 percent per 

annum 
6 percent per 

annum 

Annual project earnings at 
end of each year t i l l 
project terminal date* $76, 577 (per 

year for 30 
years) 

$142,377 (per 
year for 10 
years) 

Net present value** (at 
cost of capital) during 
project life $54,082 (for 30-yr 

costs and earnings) 
$47,895 (for 10-

yr costs and 
earnings) 

Rate-of-returnt 6. 5 percent over 30 
years 

7.0 percent over 
10 years 

*For project B, temiinal date is 30 years hence, for C, it is 10 years. 
'^Discounted eomings minus discounted costs over service l ife; salvage value at end 

of service life assumed to be zero. 
tThe rate-of-retum figure shown, and as normally computed, assumes that the earn­

ings ore reinvested at an equal rate during the remainder of the project l i fe . 
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that is at least as high as the cost of capital and that the additional capital or invest­
ment 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 i ts higher capital outlay must 
be judged the superior investment (accordi i^ to the c r i t e r ia outlined ear l ier) . 

Even though both Qie rate-of-return and net present value c r i t e r ia indicated that 
alternative B was the best of the two projects, i t must be emphasized that the set of 
underlying reinvestment assumptions was conflicting. To be specific, let us examine 
the circumstances f o r project A . For this project, the net present value method i m ­
plies that the annual earnings when reinvested earn 6 percent, not only during the r e ­
maining years of the 10-year project l i f e but thereafter as wel l ; thus, the net present 
value at the end of either 10 or 30 years w i l l be $19,159. However, f o r the rate-of-
return method, i t is implied that the annual earnings which are accrued p r io r to the 
end of the 10-year project l i f e are reinvested at a reinvestment rate of 7 percent unt i l 
the end of the project l i f e , an assumption which clearly conflicts with the 6 percent r e ­
investment rate used f o r computing the net present value f o r the 10-year project . Ob­
viously, the same reinvestment assumption should be used for computing botii sets of 
values; thus, either the net present value should be increased to ref lect an assumed 7 
percent rate of reinvestment or the rate-of-return should be decreased to account fo r 
the fact that the reinvestment rate was only 6 percent. Analysts seldom make the 
necessary calculations to account f o r these reinvestment differentials, thus permitting 
situations to develop whereby the reinvestment assumptions are inconsistent and where­
by misleading conclusions can be drawn i f one uses the rate-of-return cr i ter ion. (For 
this example, the additional calculations w i l l not be made as they are f a i r l y tedious; 
however, a th i rd example i n section 2.7 w i l l deal wi th 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 (Table 2.8). The rate-of-return method, as i t 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 f o r the earnings of project C unti l the 30th year 
would be higher than 6 percent and would be large enough to increase the net present 
value f r o m $47,895 to $54,082. (The reinvestment rate would have to be higher than 
6 percent, or the cost of capital, i f the net present value is to be increased.) 

In this case, the inconsistency can be avoided in one of two ways. F i r s t , i f the 6 
percent cost of capital is deemed to be an appropriate f igure fo r the entire 30-year 
period, i t must be assumed that the reinvestment rate fo r funds released pr ior to the 
30-year terminal date w i l l also be 6 percent. Following, i f the rate-of-return f o r 
project C is computed over the entire 30-year period, rather than the f i r s t 10 years, 
i t would result In an overal l 30-year rate-of-return of less than 6. 5 percent. Thus the 
c r i te r ia of both the rate-of-return and net present value methods would indicate the 
preferabil i ty of project B . 

Or, second, i f i t seemed reasonable to expect a reinvestment rate or set of dates 
different f r o m the 6 percent cost of capital, the cost of capital f igures to be used f o r 
discountii^ and computing the net present value should be changed accordingly and the 
net present value totals re-computed. 

Of course, either procedure w i l l result in the same project selection so long as the 
same assumptions are used with respect to reinvestment. However, since identical 
reinvestment assumptions are seldom (if ever) made by the analyst, engineers are 
strongly urged to adopt the net present value method in preference to the rate-of-return 
method. 

2.7 CONCLUDING REMARKS 

Several important issues pertaining to economic analysis methods have been dis­
cussed in this and the preceding chapter. By way of summarizing some of these p r i n ­
ciples, another example is included and discussed in detail. 

Assume that two alternative projects w i l l each require ini t ial outlays of $ 100 (at 
year 0) and w i l l each last two years (before renewal, replacement or abandonment); 
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T A B L E 2.9 
PROJECT ANALYSIS CALCDLATTONS FOR 

PROJECTS X AND Y 

Item 
Project Alternatives 

Initial capital outlay 
(at year 0) -$100.00 -$100.00 

Annual earnings or benefits: 
Accruing at end of year 1 
Accruing at end of year 2 

20.00 
120.00 

100.00 
31.25 

Discounted rate-of-retum 
for 2-yr period 20!( 2Si 

Net present values for 
2-yr period $27.89 $23.58 

Cost of capital 5^ 5f 

f o r convenience, assume that we have no 
information or analysis which permits 
knowledge of the circumstances following 
the end of the second year. The annual 
earnings during the f i r s t and second years 
of the two projects (which f o r convenience 
we w i l l assume accrues at the end of the 
year i n question) w i l l be as given in Table 
2.9. Also, the discounted rate-of-return 
and net present value figures f o r 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 percent over the 2-
year period. Thus, other investment or 
reinvestment opportunities i n the present 
and over the two-year period under anal­
ysis are assumed to provide earnings of 
5 percent per annum. 

Using the rate-of-return cr i ter ion, project Y would appear to be the best or most 
profitable but project X would be best i f 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 i f no other statements or assumptions are made with respect to the r e in ­
vestment rate f o r future earnings, alternative X is clearly superior. To understand 
this, let us determine the amoimt of capital we would have on hand at the end of the 
second year. A t year 0, assume that we have $100 in a bank (or reserve ftmd) which 
we withdraw in order to invest in alternative X or Y; also, assume that our cost of 
capital is 5 percent ( i . e., assume that other types of investments which are available 
to us w i l l pay interest of 5 percent—no more, no less). Also, given no other informa­
tion, we can only assume that in future years other investments w i l l provide earnings 
of only 5 percent. 

In this instance, f o r X , we wUl 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 at 5 percent, 
thus providing $21 plus the $120 earned at the end of tlie second year). For Y, we 
w i l l 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 at 5 percent, thus providing $105 plus the $31.25 earned at 
the end of year 2). Consequently, i f we had adopted the rate-of-return cr i ter ion as 
our decision-making rule, we would have ended up at the end of year 2 with less capital 
than otherwise would have been possible. Or, to put the matter another way, to use 
the rate-of-return cr i te r ion and adopt Y over X would imply that the reinvestment 
earnings rate was higher than 5 percent (e .g . , in this instance, the reinvestment rate 
would have had to be almost 11 percent f o r alternative Y to be more preferable). But 
i n the absence of information other than the cost of capital, there is no reason to be­
lieve that the reinvestment rate is different f r o m the cost of capital. Furthermore, i f 
the reinvestment rate were different f r o m 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 accordi i^ ly . 

As noted earl ier , the ra te -of - re tum as normally calculated impl ic i t iy assumes that 
the reinvestment rate (over the project l i fe ) i s equal to the calculated rate-of-return. 
In essence, then, to adopt the rate-of-return cr i te r ion would be to assume that the r e ­
investment rate fo r project X would be 20 percent and that f o r project Y would be 25 
percent, ( i t would appear i l logical to anticipate different reinvestment earning rates 

^^This example was first brought to our attention by Professor Julius Margolis of Stanford University 
and later was found to be covered in the Bierman and Smidt text. The Capital Budgeting Decision. 
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f o r mutually exclusive projects; thus on these grounds alone, the rate-of-return c r i ­
terion has shortcomings.) Given these reinvestment rates, the total accumulated earn-
i i ^ s at the end of year 2 would be $144 f o r project X and $156.25 f o r project Y. D i s ­
counting these total earnii^s figures at the cost of capital (or 5 percent), and subtract­
ing out the in i t ia l capital outlay, the net present value totals would be $30.61 fo r 
project X and $41.72 f o r project Y. In this case, since the same reinvestment as­
sumptions have been made f o r both alternatives, both c r i t e r ia would select project Y 
as best. 

However, i t would seem more appropriate to re-calculate the rate-of-return while 
assumii^ that the reinvestment rate f o r both projects was equal and that i t was equal 
to the cost of capital; that i s , a "corrected" ra te -of - re tum should be calculated while 
assuming that the reinvestment rate f o r both projects was 5 percent. In this instance, 
i t would be necessary to determine the discount rate f o r which the total accumulated 
earnings (after reinvestment) when discounted would just equal the discoimted capital 
outlays. Ear l ie r we computed the total accumulated earnings (at the end of 2 years) 
f o r a reinvestment rate of 5 percent; they were $141.00 f o r project X and $136.25 f o r 
project Y. For this case, the corrected rate-of-return would be 18.74 percent f o r 
project X and 16.73 percent fo r project Y; the net present value figures would be as 
given in Table 2.9. Again, since the same reinvestment assumption was made f o r both 
cr i ter ia , an unambiguous result would be forthcoming and project X would be selected 
as the best. 

. ^ a i n , and in conclusion, since the engineer seldom i f ever makes the necessary 
additional calculations to insure that s imi lar reinvestment rates are used, i t would 
seem apparent that the simplest and most reliable manner to avoid ambiguous and of­
ten 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; reinvestment is handled in an explicit and simple fashion; and t r i a l and e r ro r 
calculations are avoided. More importantly, an improper and ambiguous answer can­
not occur. 



CHAPTER THREE 

Application of Economic Analysis Methods: 
A Practical Example 

3.1 INTRODUCTION 

The four principal analytical methods used f o r transport capital budgeting can be ex­
plained more definitively by considering some explicit examples. For this purpose, 
assume that three mutually exclusive, non-toll project alternatives are considered: 

1. yo, continued operation of an existing 4-lane divided roadway without any i m ­
provement or expenditures other than those f o r periodic replacement, maintenance, 
and administration; 

2. y i , improvement and grade separation of the existing 4-lane roadway to e l i m i ­
nate grade crossings, rotaries, signals, etc.; and 

3. y2, construction of an additional 4-lane, f u l l y controlled access, grade-separated 
roadway on entirely new rights-of-way and continued operation of existing roadway. 

For simplici ty, a l l in i t ia l capital expenditures f o r r ight-of-way wiU be assumed to have 
an indefinite l i f e , " and a l l other (capital) construction items (pavement, bridges, etc.) 
w i l l need replacement in 40 years. Also, i t is assumed that these faci l i t ies have 
equal roadway lengths between common terminal points. While this particular example 
is relevant mainly to a reasonably dense, through t ra f f i c corr idor , the principles 
would be much the same f o r other plausible examples as wel l . 

3. 2 STATEMENT OF BASIC ASSUMPTIONS AND INPUT DATA 

3 .2 .1 Volume Data and User "Price"-Volume (or Supply) Functions 

The resultant t ra f f ic volume f o r three projects is assumed to be as shown in F ig ­
ure 3 .1 ; f o r a l l three alternatives, i t has been assumed that the annual volume wiU 
level off about 20 years f r o m the present. While this latter assumption was made 
mainly f o r the sake of simplici ty, i t should be noted that i n many cases i t hardly is an 
imreasonable one. 

Also, whereas most highway engineering economy studies usually assume that the 
volume using a l l alternatives w i l l be the same (that is , that no additional volume wlU 
be induced by improvements), in this example a more realistic situation has been 
presumed to exist; that i s , with each additional improvement more volume usage w i l l 
occur. Further, the expected volume f o r project ^2 been spli t between the new 
fac i l i ty and the existing roadway. 

These ( e j ec ted ) t r a f f i c volume curves, represent the interaction between supply 
and demand (while accountii^ f o r peak and off-peak variations), rather than any ex­
pression of demand apart f r o m the circumstances of supply or capacity relationships. 

^^A fourth alternative—complete abandonment of the existing facility—is implied in all of these 
analyses. Obviously, for that case both the benefits and costs would be equal to zero. 

^*Or, to look at it another way, the right-of-way will always have a salvage value equal to its 
initial cost. 
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Figure 3.1. Annual traffic volumes by year and project. 
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In short, the curves or volume data in Figure 3 .1 represent that demand f o r a fac i l i ty , 
given its capacity, its performance, and the price f o r using i t , as wel l as peaking 
characteristics. 

The expected annual t r a f f i c volume patterns w i l l be expressed as follows: 

1. Project y : 

AV„ 13.5 + 0.30t (3.1) 

^^Importantly, we have assumed continuance of the usual highway user tax pricing and we have 
assumed a uniform price or tax structure. 
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A V j = 16. 5 + 0.48751 (3.2) 

2. Project y j i 

3. Project y^. 

AVg = 18.75 + 0.63751 (3.3) 

For these expressions, AVy is the annual corr idor t r a f f i c volume (in mil l ions of trips) 
f o r the y th project and t is me number of jrears f r o m year zero (but no more than 20). 
Also, for project ^2' 

AV„ = 9.0 + 0. 26251 (3.4) 

where A V ^ is the portion of the total project y^ corr idor volume that is using the 
2 

existing roadway; thus AVg minus A V g wiU use the new fac i l i ty . 
2 

In these analyses, i t w i l l be assumed that t r a f f i c flow (and thus travel costs and 
benefits) w i l l be affected only between common sets of points a l o i ^ the faci l i t ies b e i i ^ 
compared and analyzed. Thus, we w i l l analyze only the effects on the existing, i m ­
proved, or new fac i l i ty , and w i l l ignore any second-order travel costs or benefits oc­
curr ing on other faci l i t ies that may be affected by the conditions on the faci l i t ies in 
question. Furthermore, the t r a f f i c volume data (Fig. 3.1) can be viewed as resulting 
f r o m the intersection of supply (price-volume) and peak and off-peak demand curves. 

In other words, i t is implied that the volume data in Figure 3.1 were determined 
f r o m intersections of demand functions (plotted by year) and supply (or price-volume) 
relationships; this can be i l lustrated by Figure 3.2. The supply or price-volume 
curves fo r yo (the existing unimproved roadway) and fo r yj (the existing roadway i m ­
proved by grade separation) are shown along with the peak- and off-peak period demand 
functions f o r the f i r s t and twentieth years hence. (The demand functions have been 
strat i f ied by peak and off-peak periods to ref lect important differences during certain 
hours of the day and the peaking and congestion that result therefrom.) The pr ice-
volume curve f o r the new fac i l i ty ( y ^ is included merely f o r i l lustrative purposes and 

cannot be related to the demand curves shown since the demand f o r project y2 must be 
spli t between the new fac i l i ty (or y^ ) and the existing roadway (or y ^ ) . 

The price-volume or supply functions which were used i n determining the t r i p price 
to users (per mUe of journey) were varied according to the fac i l i ty capacity and de­
sign; these expressions were chosen so as to include a l l costs, whether money or non-
money, which were perceived by users in their t r i p m a k i i ^ . Further, fo r convenience 
i t was assumed that users in making their t r i p choices and in deciding whether or not to 
make a t r i p accounted f o r total vehicle ownership and operat i i^ costs, as well as con­
gestion, t ime, and discomfort costs;" these user price-volume (or supply) functions 
were assumed to be of the following f o r m : 

1. Existing unimproved roadway (in cents per t r i p mUe): 

8sWe do not argue the "typicality" or reasonableness of this assumption, but make it strictly for 
convenience. 
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Figure 3.2. User price-volume relationships by project. 

where 

q^ = hourly volume per lane during x t h hour or demand period (but less than 
^ 2380), and 

p = p = total price (or cost to users) of t r i p on existing roadway per mile 
' 0 ^E (including aU taxes). 

2. Improved existing roadway ( in cents per t r i p mile): 

350 
\ = ^ • ° + 66-0.021q^ (3.6) 
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where 

p = total price (or cost to users) of t r ip on improved roadway per mUe (including 
^1 aU taxes). 

3. New fac i l i ty ( in cents per t r ip mile): 

% = 6-0-70-0 .017q^ 

where 

p = total price (or cost to users) of t r ip on new fac i l i ty per mUe (including a l l 
taxes). 

These user price functions are intended to include and accotmt f o r a l l changes in operat­
ing and maintenance costs that occur with changes in coi^estion and speed as either 
volume levels or fac i l i ty capacities change. 

More generally, these price-volume relationships can be viewed as: 

P = b + ^ = b + | § (3.8) 

or 

P = b . ^ (3.9) 

where p is the average travel price per mile f o r a composite vehicle*'' to move over a 
distance of one mile while traveling at a speed v (in miles per hour) and at a flow or 
volume rate q (in hourly vehicles per lane); a, b, and f are parameters whose values 
depend on the fac i l i ty design, capacity, and operation and on the vehicle type and per­
formance characteristics; YQ is the average travel speed on a given fac i l i ty under very 
l ^ h t flow or volume conditions, and t is the travel time (in minutes) to move one mi le . 

By using a speed-distance-time relationship, the user price, p, can be stated as a 
function of b, f , and t, where t is the travel time f o r an average vehicle to move over 
a distance of one mile at a f low q and at speed v . Then, by taking the derivative of p 
with respect to t, the increment in unit user price per minute of travel time and con­
gestion w i l l be found to be equal to f divided by 60; this incremental unit cost applies, 
of course, to the vehicle's occupants as a group and is not the additional cost per 
minute per person. In short, these particular price-volume relationships imply that 
the occupants of the average vehicle pay about 5.8 cents f o r each additional minute of 
travel t ime, congestion, discomfort, and inconvenience; and i f the average vehicle has, 
say, almost two occupants (probably not unreasonable f o r the corr idor situation as­
sumed here), the additional price of each minute of t ime, congestion, discomfort, and 
inconvenience to each passenger is about 3 cents. 

The incremental unit time and congestion price is noted merely to indicate what our 
formulation implies rather than to attest to i ts validity (which is not the subject of our 
attention fo r this example). 

A crucial aspect to the analysis is the determination of hourly volume per lane (q,^) 
that is traveling in the x th hour or demand period. This determination requires cer­
tain assumptions about peaking variations, a l l of which complicate the analysis (though 

^''Heovy and light vehicles have been placed on a composite basis by use of factors indicating the 
truck requirements relative to those of light vehicles. 

Please note that we refer to the price of time and congestion Iji.e., discomfort and inconvenience, 
etc.) rather than narrowly to the price of time. Also, by saying that there is a user price per minute 
of time and congestion which amounts to 3 cents per passenger implies that travelers would in fact 
pay that amount in monetary terms to avoid the time and discomfort involved (while still making the 
trip, of course). Also, and as indicated in Eqs. 3.5, 3.6, and 3.7, these unit price figures assume that 
f is equal to 350. 
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TABLE 3.1 

PEAK-PERIOD TRAVEL AS A PERCENTAGE 
OF TOTAL DAILY VOLUME 

Highway Facility or Area 
Percentage of Total Daily 
Volvune Traveling During 

4 Peak Hours 
(1960-1962) 

Chicago Area 32 
Detroit Ford-Lodge Expressway 28 
Chicago Congress St. Expressway 30 
Washington Memorial Bridge 44 
Boston Route 128 29 

are entirely necessary i f we are to properly accoimt fo r peak and off-peak hour d i f ­
ferences i n t ravel speed and congestion). F i r s t , i t i s assumed that a l l hourly volumes 
during the peak period w i l l be equal and that a l l hourly volumes during the off-peak 
period w i l l be equal; thus, i t is only necessary to determine qp, the average hourly 
volume per lane during the peak period, and qg, the average hourly volume per lane 
during the off-peak period. 

In addition, i t is assumed that peak periods w i l l occur f o r only 4 hours on each 
weekday (of which there are roughly 255), thus c a l l i i ^ f o r a total of 1,020 hours of 
peak period t r a f f i c during the year. The remaining hours of t r a f f i c are regarded as 
the total amount of off-peak t r a f f i c . I t was also assumed that the hourly volume dur­
ing an average peak-period hour would be 10 percent of the average annual daily t r a f f i c 
during year 0 and would decrease to 6.667 percent of AADT during the twentieth year 
(that is , the percentage would decrease by Ve percent per year f r o m the in i t ia l 10 per­
cent). In other words, the percentage of the total annual volume o c c u r r i i ^ during the 
daily 4-hour peak-period would range f r o m 40 percent i n the beginning down to slightly 
over 26 percent in the twentieth year. 

Obviously, within the 4-hour peak-period (say, 2 hours in the morning and 2 in the 
afternoon) the volumes as a percentage of AADT could range between the usual 10 to 
15 percent so famUlar to t r a f f i c and highway engineers, though this variation is hidden 
by our averaging process. In gross, however, the percentages fa l l ing within the peak-
period (that is , 4 peak hours during the day), ra id ing f r o m 40 down to 26 percent over 
a 20-year period, appear reasonable; a rough check is privlded by Table 3 . 1 . 

Shown in equation f o r m , the hourly volumes per lane during the peak and off-peak 
periods (of the t t h year after year 0) are as follows: 

% = (25,000 - 416. 5t) (3.10) 

Because of the extremely low volumes which are typically experienced during late p.m. and 
early a.m. houns, weekdays have been assumed to have only 18 hours of traffic flow so that we will 
have off-peak period traffic during 14 hours of the day and the peak-period volume during 4 hours of 
the day (f.e., we have assumed that 6 hours of the average day will have 0 volume, and thus that the 
average hourly off-peak period volume will be higher than in actuality); however, because of the 
flatness of the price-volume curves in the low volume region and the relatively high volumes during 
daytime off-peak hours, this assumption will tend to provide more realistic overall results than would 
be possible if we used a 24-hour period for computing volumes (i.e., without it, the average off-peak 
hourly volume would have reduced the user prices below their proper level and resulted in their un­
derstatement, at least in gross). 
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AV - 0.00408qp 
% = 070222 

where qp is the hourly volume per lane during the peak-period, q^ is the hourly v o l ­
ume per lane during the off-peak period, t is the number of years f r o m year 0 (or the 
present), and AV is the annual t r a f f i c volume during the t t h year after year 0 (in m i l ­
lions). Also, i t should be recalled that these functions are based on conditions fo r 4-
lane faci l i t ies of the character noted earl ier . 

One f ina l assumption had to be made regarding the t r a f f i c volumes; this pertained to 
the split of the corr idor volumes between the e x i s t i i ^ and new faci l i t ies fo r project y2 
when a new fac i l i ty was added to the roadway already in existence. This was accom­
plished on an arbi t rary basis, with 48 percent of the total corr idor t ra f f ic assumed to 
be using the existing fac i l i ty i n year 0 and decreasing to only 44. 25 percent in the 
twentieth year (and remaining at that level thereafter). 

A l l in a l l , these assumptions appear to be internally consistent and to provide a 
realistic basis f o r explaining and demonstrating an adequate economic analysis ex­
ample. 

3. 2. 2 Facili ty Costs 

The next i tem of input data of importance regards fac i l i ty costs, both f o r in i t ia l 
capital outlays and continuing expenses. These data, i t must be emphasized, were not 
chosen f o r their typicality but rather as example figures merely to be used in this i l ­
lustrative economic analysis. (Admittedly, though, we attempted to select a range of 
cost data which would place us in the "ball park" f o r relatively high density, intercity 
corr idor highways in the United States.) 

Rather than l i m i t our attention to projects having only one set of in i t ia l capital out­
lays, we choose to carry out the complete analysis fo r two sets of in i t ia l capital out­
lays, one fo r so-called high cost systems and the other for so-called low cost sys­
tems. The purpose of varying this parameter was simply to illustrate the shif t in 
project choice which can result f r o m projects of varying capital investment at different 
interest rates. 

The in i t ia l capital outlays and annual maintenance and administration expenditures 
f o r the different faci l i t ies and projects, and f o r both high and low cost conditions are 
given in Table 3.2. 

3. 2.3 User Tax Payments 

Finally, i t was necessary to estimate the level and amount of user tax contributions 
attributable to travel on the various types of faci l i t ies being analyzed. A three-step 
process was used f o r this purpose. F i r s t , i t was necessary to compute the user con­
tributions which are presently being made at local, state, and federal levels, in total. 
Second, i t was necessary to separate these user taxes into that portion that is f ixed or 
invariant with speed changes and that which is variable with speed or gasoline con­
sumption. Thi rd , i t was necessary to estimate the expected average vehicular speeds 
and gasoline consumption rates which travelers w i l l experience on the particular f a c i l i ­
ties and projects being analyzed. 

User tax contributions (local, state, and federal, in total) i n the United States f o r 
calendar year 1962 were used as the basis of these il lustrative calculations and were 
as given in Table 3. 3 along with the appropriate vehicle-miles of travel and gallons of 
gasoline consumed. (Ml federal, state, and local excises were excluded.) I f we sepa­
rate this tax into the component which varies with respect to speed and gasoline con­
sumption and that which is f ixed, these taxes can be restated as follows: 

1. Fixed component of user tax (in cents per vehicle-mile): 

UFM = 0.2859 (3.12) 

where UFM is the f ixed component of user tax per vehicle-mUe; basically, i t includes 
the registration fees, motor vehicle use and lubricating o i l taxes. 
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TABLE 3.2 
DUTIAL CAPITAL OUTLAYS AND CONTINUING COSTS 

FOR PROJECTS AND FAdLITIES* 

Project Facility 
Initial Capital Outlays** Annual Maintenance Project Facility 

Construction Right-of-way and Operating Costs 

(a) Low Cost Systems 

yo Existing road 
unimproved 

None None $44,700 

yi Existing road 
improved 

$600,000 None $31,600 

y> Existing road 
unimproved 

None None $27,300 

New facility $876,000 $394,000 36, 200 
ya total $876,000 $394,000 $63, 500 

(b) H i ^ Cost Systems 

yo Existing road 
unimproved 

None None $44,700 

yi Existing road 
improved 

$1,100,000 $354,000 $31,600 

ya Existing road 
unimproved 

None None $27,300 

New facility $2,752,000 $788,000 36, 200 

ya total $2,752, 000 $788,000 $63,500 
*Per mile of roadway. 

**lnit'!al capital outlays ore assumed to take place at year 0; it will be assumed that right-of-
way has indefinite life (and is entirely salvageable at any date) and that construction items 
must be replaced at 40 years. 

TABLE 3.3 
MOTOR VEHICLE USER TAXES (1962)* 

User Tax Items: Total Vehicle User Tax: 
State registration tax $2. 060 billion 
State gasoline tax 3. 762 
Federal motor fuel tax 2.356 
Federal lub. oil tax 0. 046 
Federal motor vehicle use tax 0.089 

Total** $8. 313 billion 
Vehicle-miles of travelt 767. 774 billion 
Gasoline consumed by motor 

vehicles tt 61. 696 billion 
Automobile Facts and Figures, 1964 Ed., Automobile Manufacturers 
Association, p. 50 and 58. 

**Excludes about $2,491 billions in Federal excises on vehicles and 
automotive products, as well as other city, county, and state fees. 

tOp. cit., p. 46. 
t t lbid. , p. 59. 
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2. Variable component of user tax (in cents per gallon of gas): 

UVM = 9.915 (3.13) 

where UVM is the variable component of user tax per gallon and is based on the gaso­
line consumed and thus on speed of travel; it includes the federal motor fuel taxes and 
the state gasoline taxes. 

The application of these user tax components requires determination of the gasoline 
consumption requirements for the various facilities in question; since gasoline con­
sumption is a function of travel speed, it first is necessary to determine the expected 
travel speeds on the facilities. As pointed out earlier, or at least as can be surmised 
from Eq. 3.9, the speeds on the various facilities vary with the facility design and 
capacity and with the volume using the facility; expressed functionally, 

v = V Q - aq (3.14) 

where v (in miles per hour) is the travel speed of an average vehicle in a flow of vol­
ume q (in vehicles per hour per lane), V Q is the average travel speed on a given facility 
under very light flow or volume conditions, and a is a parameter whose value depends 
on the facility design, capacity, and operation. Consequently, by determining the 
volumes during peak and off-peak hours (or, qg and qp) and substituting these volumes 
of q values into Eq. 3.14, the appropriate expected average speeds on the various fa­
cilities can be determined for each year over the 40-year period of analysis.'" 

All the above calculations were carried out for each of the facilities and projects and 
are included in the appendix to Chapter 3. Appendix 3.1 includes the yearly annual 
volumes on each facility for each project as determined from Eqs. 3.1 through 3.4. 
These data (Appendix 3.1) were used, in turn, to determine the average hourly peak-
period volume (qp) and the average hourly off-peak period volume (qg) on the various 
facilities; these volumes were determined by year (Appendix 3.2). Then, using Eq. 
3.14 together with the hourly volume data in Appendix 3.2, the average speeds of trav­
el during the peak and off-peak hours on the various facilities were computed; the re­
sults are shown in Appendix 3.3 

Finally, the speeds as computed above (Appendix 3.3) were applied to gasoline 
consumption-speed relationships similar to those illustrated in the AASHO Red Book 
or in Oglesby and Hewes textbook. However, since the difference between the peak 
and off-peak speeds for each facility was reasonably small (at least when related to the 
somewhat indefinite gasoline consumption-speed relationships) and since the speeds 
for each facility did not increase substantially over the 20-year period of annual volume 
increases, we chose to calculate one weighted average speed for each facility (to cover 
both peak and off-peak speeds, and the trend over the 20-year period) and to apply 
this single figure to the gasoline consumption relationships; the figures chosen are 
given in Table 3.4(a) in addition to the corresponding gasoline consumption rate. 

The gasoline consumption rates for the facilities can now be applied to the variable 
component of the user tax as given in Eq. 3.13; the resultant user tax per vehicle-mUe, 
to include both fixed and variable components, is summarized in Table 3.4(b). These 
unit user taxes when applied to the annual volume data in Appendix 3.1 will, of course, 
provide estimates of the annual user tax payments which are made for travel on the 
various facilities. 

3.2.4 Summary of Costs and Benefits To Be Included in Analysis 
At this point, it will be useful to recapitulate some aspects regarding measurement 

and inclusion of user travel costs and benefits. First, to look at the benefit side of 
the analysis, in these analyses user travel benefits or value will be included only to 

^°The values for the parameter a and for V Q are shown in Eqs. 3.5 through 3.7 for the different 
facilities. 
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TABLE 3 4 

(a) WEIOITED AVERAGE i PEEDS AND GASOLINE CONSUMPTION RATES 

Project Facility 
Weighted Average 

Speed 
(mph) 

Gas Consumption 
(gal/veh-mi) 

yo 
yi 
ya 

Existing unimproved 
Existing unproved 
Existing unimproved, 

y»E 

New facility, yt^ 

21 3 
45.0 
23 9 

58 8 

0 057 
0 068 
0 056 

0 105 

Cb) USER TAX PAYMENTS PER VEHICLE-MILE 

Project Facility 
User Taxes per Vehicle-Mile (^/veh-mi) 

Variable Component Fuced Component Total User Tax 

yo Existing 
ummproved 0 565 0 286 0.851 

yi Existing 
improved 0 674 0. 286 0 960 

yt Existing 
ummproved, 

y»E 
0 555 0. 286 0 841 

New 
facility, 

y*N 
1 041 0 286 1. 327 

the extent of actual money and non-money payments which users actually make or think 
they make (whether perceived in the tripmakii^ choice or not)®^ thus consumer sur­
plus (that is, value received by the traveler over and above his payment) will be ex­
cluded. Also, it is assumed that the user tripmaking price (that is, the cost to the 
user and thus his price paid or perceived) as calculated by Eqs. 3. 5 through 3 .7 wiU 
constitute the entirety of the user price and payments (both money and non-money). 
Consequently, use of Eqs. 3. 5 through 3 .7 , together with the peak and off-peak hourly 
volume data in Appendix 3. 2, will provide estimates of the user travel benefits, by 
year;"̂  these benefit data are included in Appendix 3. 4, first broken down by peak and 
off-peak period travel for each facility and then combined to provide total aimual travel 
benefits for each project, by year. Finally, since external non-travel benefits were 
excluded from these analyses, and since we shall assume that there are no non-user 
revenues, these figures represent the total allowable benefit to be considered in the 
economic analyses. 

Second, to look at the cost side of the analysis, there are only three types of costs 
which we shall include: (a) facility construction and land acquisition costs; (b) facility 

^^In other words, we ore assuming for example that the user price equations include oil vehicle 
ownership and operating costs which are actually paid by travelers (at one time or another and in one 
way or another), and we are assuming that he therefore explicit ly accounts for them in his tripmaking 
decision-making calculus. We do not argue necessarily that this is a good assumption, but make it 
merely for convenience. 

Actually these estimates have to be computed in a two-step process. First, by using the hourly 
volume data in Appendix 3.2 and Eqs. 3.5 through 3.7, we can obtain estimates of the tripmaking price 
to each user or vehicle (that is, price per vehicle tnp); these unit user prices are shown in Appendix 
3.5. Second, these unit prices (or price per vehicle trip) must be multiplied first by the volume data 
in Appendix 3.2, and then the peak hour prices must be multiplied by the number of yearly peak-period 
hours (or 1,020) and the off-peak hour prices must be multiplied by the number of yearly off-peak 
period hours (or 5,550). 
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operating, maintenance, and administration costs; and (c) user travel costs. (Thus 
certain social dislocation costs have been excluded from our attention, again for con­
venience.) The first two cost items are straightforward and treated as outlined in 
Table 3. 2. The third item, or user travel costs, deserves particular attention in one 
respect. That is, user taxes must be excluded from those costs which are experienced 
by and paid for (in money or non-money terms)" by travelers or users. In short, for 
these analyses, the user travel costs which will be included as part of the system costs 
will be measured simply by taking the difference between the user travel benefits less 
the user taxes that are paid in the course of travel on the particular facility;^* thus the 
appropriate user travel costs to be included herein can be determined simply by de­
ducting the appropriate user taxes from the total user benefits recorded in Appendix 
3. 4(b). (As outlined earlier, the total user taxes can be determined by multiplying 
the unit user taxes in Table 3. 4(b) times the annual volumes in Appendix 3.1 and sum­
ming over the 40-year analysis period.) 

An alternative view of this procedure is to say that the highway engineer must deter­
mine the relationship between the demand for his highways and the cost of providing 
these facilities in order to assess the desirability of such investments. In this regard, 
his role is much the same as that of any entrepreneur in the private economy who must 
decide whether it is economically worthwhile to produce; i . e., to introduce a product, 
whether it is a machine to be used by other businessmen or a household durable to be 
sold directly to consumers. Indeed, it was a desire for rough parity between private 
and public investment decisions that mainly underlaid the exclusion of consumer surplus 
from the highway benefit calculations. In essence, the above procedures boil down to 
assertii^ that the highway engineer, like the private entrepreneur, must base his de­
cisions whether to build or not on an estimate of the price at which the services pro­
duced might be sold, that is the market cleared. The calculation of user cost savings 
recommended here is really an indirect method of attempting to estimate the demand 
curve for the transport services under analysis and thus the prices at which these 
services might be sold. In the above analysis, moreover, an extremely conservative 
estimate of possible "sales revenues" for the highway has been use± namely, those 
revenues associated with the price and volume on the demand curve at the point relating 
to the existing structure of user taxes. It seems entirely possible, indeed probable, 
that for really superior facilities in the circumstances outlined, a considerable number 
of consumers might be willing to pay far more than this "user tax price"; therefore, 
considerably more revenue m ^ t be obtained from the facility if needed to justify or 
cover costs. 

The level of user tax collections may be a particularly misleading and conservative 
estimate of potential benefits in cases where these taxes are exceptionally high or low. 
This will be especially true if a tradition of low user taxes has developed. Even if the 
opposite occurs (i. e., user taxes are very high), the benefit estimate may still be 
conservative because if the user tax is high enough it may inhibit traffic development 
and use. In economists' jargon one policy (too low taxes) places one below the unit 
elastic (maximum revenue) point on the demand curve and the other policy above it. 
In short, the central question is always the same: does the demand curve as defined 
by consumer's willingness to pay for the transport facility provide sufficient scope for 
some legitimate and accepted pricing policy to produce sufficient revenues to pay for 
the faculty? 

3.3 ANALYSES TO BE CONDUCTED 
Four principal analytical techniques or procedures commonly applied to transport 

costs and benefits are (a) net present value method, (b) discounted rate-of-return 
^^So long as the traveler wi l l be wil l ing to pay equivalent monetary amounts to avoid the non-

money consequences. 
3*This assumption is tantamount to saying that user payments for parking just equal the costs for 

providing those facilities (interest included) and that user insurance premium payments just equal the 
total accident costs for society, etc. Again, this assumption is made in order to simplify the analyses. 
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method, (c) annual cost method (using equivalent annual costs), and (d) benefit-cost 
ratio method (using equivalent annual costs and benefits). This order of the analyses 
minimizes the calculations; in short, if net present value figures are available, the 
necessity of computing the rate-of-return on incremental system costs is obviated (a 
major saving in computations in most cases and certainly in this one). 

In order to apply all but the rate-of-return method it is necessary to stipulate an 
interest or discount rate (in economic jargon, the cost of capital). For this purpose, 
and in order to explore the implications of varying the interest rate, we shall vary the 
discount rate, selecting 4, 6, and 8 percent for analysis. 

An explicit interest rate is not necessary in order to compute the rate-of-return, 
but it is necessary nevertheless to state explicitly the appropriate cost of capital— 
sometimes called the minimum attractive rate-of-return; oftentimes this rate is called 
the "cutoff rate," or rate of interest at which additional investment or cost commit­
ment is cut off or stopped should the calculated rate-of-return not be at least as high. 
Consequently, and contrary to the arguments of some proponents of the rate-of-return 
method, it is necessary to state explicitly the cost of capital if proper decisions are 
to be made. 

Again, the project alternatives shall be analyzed on the basis of a terminal date or 
analysis period of 40 years. 
3.3.1 Net Present Value (or Net Present Worth) Calculations 

Computationally, this procedure is by far the simplest of the methods when the costs 
or benefits vary other than linearly over the analysis period. Since in these examples, 
the user tripmaking benefits vary non-linearly from year to year because of the non­
linear changes in speed and coi^estion conditions (and thus user travel costs and bene­
fits also vary accordingly), net present value is by far the most desirable method of 
analysis, even aside from the fact that it virtually always gives the proper decision­
making result." 

Essentially, the net present value method calls for reducing all future and present 
costs or benefits to the same basis, and normally to present-day or year 0 values. 
This is accomplished in the simplest sense by applying the discount factor (or so-called 
single payment present value factor) to the cost or benefit occurring in year t, as fol­
lows: 

Discount factor = pwf'. . = —r (3.15) 
(1 + i)* 

and 
Discounted cost or benefit = (pwf'. .) (cost or benefit in year t) 

i> t 
cost (or benefit) item In year t 

( i + D* 
In the case where cost or benefit items over the years vary and are not uniform, such 
as with user travel benefits and user travel costs, the cost or benefit item for each 
year must be discounted separately and the total accumulated. The discount factor in 
Eq. 3.15 was separately applied to the annual travel benefits of each year for each 
facility (Appendix 3.4); the resultant discounted benefits (or, present value of user 

^^As we shall see, with any other method which deals wTth costs or benefits that vary other than 
linearly over the analysis period, i t w i l l be necessary to first reduce the costs or benefits to a present 
value basis and then to transform them into a rate-of-return or benefit-cost ratio or info equivalent 
annual costs or benefits. Thus, one computational step is always saved. 
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benefits) are tabulated by year in Appendix 3.6 for each discount rate and for each 
facility, along with the cumulative user benefits over the 40-year period." 

Since the travel volumes and annual user benefits for each facility remained con­
stant for the twenty-first through fortieth years (and were equal to that occurring in 
the twentieth year), the discounted benefits or present value of benefits for those 20 
years in total can be computed more simply by using a so-called "imiform series 
present value factor." This factor, or pwf̂  ^, quite simply is equal to the sum of the 
series of single-payment present value factors for years 1 through t, each factor of 
which in turn is to be multiplied by the same annual user benefits; it is 

pwf. ^ = pwf'. 1 + pwf'. 2 + . . . + pwf'.^^ 

This summation is a geometric progression, and reduces to 

x = i i d + i) ' ' 
Further, it can be shown that the uniform series factor applying to a uniform or con­
stant annual series of end-of-year payments starting with year n + 1 and continuing 
through year t is: 

P ^ i , t - n = P^i , t - P^i,n (3.17) 

Multiplying the annual benefits time the appropriate uniform series present value factor 
(or difference between factors) will provide the sum of the discounted benefits over the 
appropriate period and not the annual discounted benefits. For example, if we multiply 
the annual benefits for years 21 through 40 for project yg (which were $4650 thousands 
a year) times the difference between the appropriate uniform series present value fac­
tors for a 4 percent interest rate (which is 19.793 minus 13. 590), we arrive at a figure 
of $28,844 thousands, which is the total discounted user benefits for years 21 throû ĥ 
40 for project yg at a 4 percent interest rate." 

The annual h^way maintenance and administration costs were assumed to be con­
stant over the 40-year period, and thus their discounted values can easily be deter­
mined by use of the uniform series present value factors; the discounted values for the 
annual maintenance and administration costs are tabulated in Appendix 3. 7, in total 
and broken down for the first 20 and the last 20 years of the 40-year analysis period. 
Looking just at the total figure, the total 40-year discounted highway maintenance and 
administration costs for project y j at a 4 percent interest rate were computed by mul­
tiplying the annual cost (from Table 3. 2) of $31,600 times the uniform series present 
value factor*^ of 19.793, resulting in total 40-year discounted costs of $624,000. 

s^The discounted benefits for the tenth year with project y^, for example, were as follows for a 4 

percent interest rate: Discounted benefits = (, ^ Q Q^) OJ3,787,000) = (0.6756) ($3,787,000) = 

$2,558,000. 
s'Both single-payment and uniform series present value factor figures can be found tabulated in 

many economic texts, or mathematical handbooks; Grant and Ireson's tables are particularly useful. 
The pwf, ^ = 0 +0.04)* ' -1 ^ 19.793, from Eq. 3.16. 

^ ' ^ 0.04 (1 + 0.04)* 
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The initial capital outlays for construction and right-of-way were incurred at year 0, 
according to our assumptions, and thus are already in present value form. However, 
the salvage value of the right-of-way in year 40 must be discounted to its present value 
in year 0 by applying a single-payment present value factor. Thus, using a discount 
rate of 4 percent, the present value of the right-of-way salvage value of high-cost 
project Yi is found to be $74,000 by multiplying the single-payment factor of 0.2083 
times the initial right-of-way capital outlay of $354,000 (from Table 3.2). Thus, the 
net present value of right-of-way costs is equal to the initial outlays of $354,000 less 
the $74,000 salvage value for a net figure of $280,000. The present values for con­
struction, right-of-way, and net right-of-way costs are provided in Appendix 3.8, by 
project, by high or low cost systems, and by interest rates. 

The final cost item to be calculated is that of user costs, which as defined earlier 
are equal to user travel benefits less user taxes (for the case in which consumer sur­
plus is excluded). Since the discounted user travel benefits are given in Appendix 3.6, 
the discounted user costs can be computed by subtracting out the discounted user taxes. 
From the earlier description and the tabulation of unit user taxes in Table 3. 4(b), it 
is apparent that user taxes are proportional to tripmakii^ volume (per mile) and thus 
can be determined simply by multiplying the annual facility volumes of Appendix 3.1 
times the unit user taxes of Table 3.4(b). Diagrammetrically, this product of user 
volume and unit taxes, by year, would be as shown in Figure 3.3; briefly, the annual 
taxes would increase from an initial annual tax total of A T ^ in year 1 to AT^Q in year 
10, and would then remain at that constant level thereafter, at least for this example. 
To place this t-year stream of annual user taxes on either a present value or equivalent 
annual basis requires: (a) eitiier discounting the annual taxes for each year separately, 
year by year, and then summing these amounts; or (b) discounting the uniform incre­
ments in annual taxes (from year 1 to year 10 in this case), and discounting the initial 
annual tax over t years, and, finally, discounting the extra annual taxes over the initial 
level once they reach a constant annual tax level (at year 10) over the t - 10 years. 

The first of these two ways of discounting is the simplest conceptually, but the most 
tedious computationally. Analytically, the total discounted user taxes over t years or 
(TAT), would be: 

AT, AT, AT„ AT, 
TAT = T=—i, + ^ + ^ + . . . + ^ (3.18) 

^^•"^ ( l + i)2 (1 + i)^ (1 + i)* 
which could be restated as: 

ATj (ATj + g) (ATj + 2g) [ A T J + (n - l)g 

( l + i) ' ' (1 + 1)3 ••• (1 + i ) " 

ATj + (n - Dgl [ A T J + (n - l)g' 
z~n + . . . + 1 J 

(1 + i ) " ^ ^ '•* (1 + i ) ' 
(3.19) 

where g is the uniform annual increase in annual user tax which continues through the 
nth year, AT^ is the annual user tax in year t, and AT^ is the initial annual user tax 
or that in year 1; also, i is the discount or interest rate. 

For the second method, Eq. 3.19 would be restated as follows (see Fig. 3.3): 

TAT = A.T £ T ^ + g Z T ^ - ^ r + r A T +(n-l)gl E 
S = l 1 + i) ' ' x=l 1 + i ^ ^ L 1 -'x = n+l(l + i)^ 

(3.20) 

33 From Eq. 3.15, pwf ' ^ = • = 0.2083. 
^ ' ^ (1 + 0.04f 
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Figure 3.3. Annual user tax flow by year (it is assumed that the user taxes accrue at end of year t ) . 

TAT = AT 
t 

^ x ? i (1+i) 
X - 1 n 

^ ^ ^ x ? i ( l + i)^ 
+ (n- l)g 

t 
E 

1 
x = n + l ( l + i ) ' 

(3, 21) 

Eq. 3.21 calls for separating the discounting of user taxes into three distinct parts 
as indicated in the equation and in Figure 3.3. The summation for the first and last 
terms or parts of Eq. 3.21 corresponds to the uniform series present value factors 
which were ouUined earlier in Eqs. 3.16 and 3.17, and thus can be represented by 
(pwf̂  j) and (pwfJ ^ - pwfj ^ , respectively. An appropriate expression for the summa­
tion for the middle or second term of Eq. 3. 21 can be shown to be as follows: 

gpwf X - 1 
i,n 

n 
x ? i ( l + i) . \ X 

(1 + i) ' ' -1 
1̂ (1 + i )" i d + i ) " 

(3.22) 

Values for Eq. 3. 22, or so-called gradient present value factors, can be found 
tabulated in certain economic or math texts (such as Appendix Table E-24 in Grant 
and Ireson). 

Including all the above "shorthand" notation, Eq. 3. 21 becomes 

TAT = AT^ (pwf j) + (g) ( g p w f + - fe) (pwf̂ ^ ^ - p w f ^ (3.23) 

Applying these equations and factors to the data for project yQ, for example, from 
Eq. 3.1 we can determine both the initial traffic volume and gradient or annual in­
crease (the former of which is 13. 8 million trips in year 1, and which increases 0.30 
million trips a year up through the twentieth year and then remains constant thereafter). 
Corresponding to the symbols of Eqs. 3.19 through 3. 23, the value of AT]̂  is $117,452 
(or 13.8 million times the unit user tax of 0. 851 cents per vehicle-mUe); the value of g, 
the gradient or annual increase in tax, is $2553; n is 20 years, and t is 40 years. For 
an interest rate of 4 percent, the value for the first term of Eq. 3.23 becomes 
$2,325,000 (or $117,452 times 19. 793), that for the second term becomes $285,000 
(or $2553 times 111. 56), and for the third term becomes $301,000 (or 19 times $2553 
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times the difference of 19.793 and 13. 590); the total discounted user taxes or present 
value of the total user taxes is about $2,910,000 for project yo at a 4 percent interest 
rate. This figure compares with that included in Appendix 3.9, which gives the dis­
counted user taxes for all projects and interest rates. 

These discounted user taxes when deducted from the discounted user tripmaking 
benefit totals (Appendix 3.6) will provide estimates of the user travel costs for each 
project and interest rate; these user travel cost figures are shown in part I of Appendix 
3.10, in present value terms, of course. 

All of the enumerated data are necessary to the computation of the net present value 
for each project and interest rate; they have been combined for that purpose in Appen­
dix 3.10, and the project of highest net present value for each interest rate condition 
has been circled. These net present value data are also illustrated in Figures 3.4 and 
3. 5, the first of these pertainii^ to low-cost conditions and the second to high-cost 
conditions. 

Using the criterion of maximum net present value in order to accept or reject proj­
ects (economically) and to select the best project (of those which are not rejected) 
would result in choices being made for the various systems being analyzed as shown in 
Table 3. 5. 
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Figure 3.4. Project net present value for low cost conditions at various interest rates 

i6 ta 



3000 

2500 

65 

2000 

1500 

1000 

\ 
I 
i ̂

 500 

-50? 

-1000 

High ^cosfconc Vf/o/is 

—©— Phojecfj^ 

Projecfjr 

Phojecfj^ 

Projecfjr 

14 16 4 6 8 10 12 
Interest Rate - percent 

Figure 3.5. Project net present value for high cost conditions at various interest rates. 
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TABLE 3.5 
NET PRESENT VALUE OF PROJECTS ANALYZED* 

(in $1000's) 

Interest Rate Net Present Value (in $ 1, OOO's) 
for Computing 
Net Present Low Cost Projects High Cost Projects 

Value {i) yo yi ya yo yi ya 

4 
6 
8 

2,026 
1,491 
1,146 

3,078 
2,104 
1,475 

3,405 
2,121 
1,295 

2,026 
1,491 
1,146 

2,298 1,217 
1,284 (-110) 

637 (-957) 

*Best project (or that of highest positive net present value) for each interest 
rate and within each high or low cost grouping is underlined. 
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For low cost conditions, project y2 would be most desirable at interest rates of 6 
percent or below whUe project y j would be the best alternative for interest rates within 
the general range of 6 to 14 percent; above 14 percent, the existing situation or null 
alternative (project yg) would appear most attractive. 

For high cost conditions, however, the high initial capital outlays of project y2 all 
but rule it out as a possibility, at least so long as the relevant interest rate or cost of 
capital is 4 percent or above. While project y^ does appear to be the best alternative 
at the 4 percent level, its capital outlays cause it to lose attractiveness quickly as the 
interest rate increases; as a result, at interest rates of about 5 percent or above the 
existing facility or project yp will be the best project. 

The effect of increasing the unit capital costs for construction and land acquisition 
can be noted by observii^ the downward shifts of the project y j and y2 curves in moving 
from the low cost to high cost situations (see Figs. 3. 4 and 3. 5) while the project yg 
curve maintains a more constant position. Further, in these particular cases, as the 
capital costs rise the effects of increases in the interest rate are more pronounced. 
3.3.2. Discounted Rate -of -Return Calculations 

To repeat, the rate-of-return is that rate of interest or discount rate at which the 
discounted project costs just equal the discounted project benefits. In virtually all 
economic analyses, the rate-of-return can only be determined by trial-and-error-type 
calculations, usually using Newton's approximation; that is, the appropriate interest 
will be estimated and the discounted costs and benefits applying to that interest rate 
will be computed. If the discounted costs just equal the benefits, the estimated interest 
rate will be the rate-of-return; if not, another trial interest rate must be selected, 
and another set of calculations undertaken—and so forth, until the proper rate is de­
termined. 

To determine the discounted rate-of-return for each of the projects wUl first re­
quire a set of calculations identical to those just undertaken for the present value 
method. Furthermore, since the analyst seldom will be fortunate enough to have cho­
sen the correct interest rate during the first trial, more than one set of calculations 
must be endured and thus the computations, time, and effort required for this analysis 
method will virtually always exceed that of the net present value method. 

Once the analyst has determined the rate-of-return for each project as a whole 
(that is, he has determined that interest rate for which the discounted costs for the 
project just balance the discounted benefits for the project), he has only answered the 
question of "whether to accept or reject the project as a whole" or of "whether to do it 
at all. " He has not determined, however, which way is best or a ranking of the ac­
ceptable projects. 

The latter question can be answered only by examining the rate-of-return on the 
incremental costs and benefits associated with successively higher cost projects. That 
is, any additional cost over that of the lowest cost acceptable project can be justified 
only if the rate-of-return on the additional cost is at least as high as the cost of capital 
(or minimum attractive return). 

Computationally, the analyst must examine the next most costly project and must 
determine that rate of interest at which the discounted additional costs (over the next 
lowest cost and acceptable alternative) just equal the discounted additional benefits. 
S the incremental rate-of-return is acceptable (that is, if the incremental rate-of-
return is at least as high as the cost of capital), then the net present value of the higher 
cost alternative will be at least as high as that of the lower cost alternative to which 
it is being compared. Or, conversely, if the net present value (as computed at the cost 
of capital) of the higher cost alternative is at least as high as that of the lower cost 
alternative then necessarily the rate-of-return on the additional costs must be at least 
as high as the cost of capital, and therefore the more costly alternative is better than 
the less costly one. 

In other words, by merely examining the net present value calculations we can de­
termine whether or not the return on the incremental costs is satisfactory. The net 
present value can increase only if the benefits exceed the costs and thus only if the 
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TABLE 3.6 rate-of-return is greater than the cost of 
NET PRESENT VALUE FOR Capital; and by the same token, a decrease 

THE HIGH COST VERSION OF PROJECT y» in net present value with an increase in 

Interest Rate Net Present Value ($) 

4 1,217,000 
5% 
6 

105,000 5% 
6 (-110,000) 

costs means that the rate-of-return on the 
additional cost is less than the cost of 
capital. 

These points can be demonstrated by 
examining the data for the high cost ver­
sion of project y2, relative to the other 
alternatives. The first step is to deter­
mine the rate-of-return for project yo 

and to compare it with the cost of capital. From the net present value figures in Ap­
pendix 3.10 or Figure 3. 5, it can be seen that at an interest rate of 4 percent the dis­
counted benefits are larger than the discounted costs, while at 6 percent the discounted 
costs outweigh the discounted benefits. Consequently, we know that the rate-of-return 
is between 4 and 6 percent. Further, if we compute the discounted benefits and 
costs at an interest rate of 5/4 percent, we find that the net present value is positive, 
but quite low. Three sets of results for project Y2 ^^re as given in Table 3.6. H 
one interpolates between the sets of numbers, the rate-of-return for the high cost 
version of project J2 '^^^ ^ estimated as 5.8 percent. 

High cost project y2 will be acceptable, though not necessarily the best alternative 
of the group, so long as the cost of capital or minimum attractive rate-of-return is 
equal to or less than 5.8 percent. (For the cases we examined, this project would be 
unacceptable and thus rejected at interest rates of 6 and 8 percent.) Next, the addi­
tional costs and benefits can be discounted at various interest rates to determine the 
rate-of-return on the incremental costs. Rather than carry out these computations, 
it is only necessary to examine the changes in net present value between acceptable 
projects of lower and hi^er cost at the cost of capital. For example, assume that the 
cost of capital is 4 percent; in that case, project y^ is the least costly of the three, 
project yo is that of next higher cost, and project y2 is the most costly. Since at 4 per­
cent all projects are acceptable (that is, all projects have a rate-of-return greater 
than 4 percent), we must first compare project JQ to project y^ (i. e., we are examin­
ing the first increment of costs and benefits). The net present value falls, as the costs 
increase in moving from project y j to yo, and therefore the rate-of-return on the in­
cremental costs is less than the cost of capital; consequently, project y2 is then 
compared to ŷ ,̂ the next less costly alternative which is acceptable. However, since 
the net present value decreases as we move from a lower to a higher cost alternative, 
the incremental rate-of-return must necessarily be less than the cost of capital. 
Therefore, project y2 must be rejected. 

The rate-of-return on the three projects and for high and low cost conditions are 
shown in part I I of Appendix 3.10; also, we have noted whether or not the rates-of-
return on the incremental costs of successively higher cost alternatives are at least 
as high as the cost of capital for rates of 4, 6, and 8 percent. 

3.3.3. Annual Cost Calculations 
This method calls for determining the annual facility and user costs for an equiva­

lent annual or representative year, and for selecting that alternative of lowest annual 
cost. Importantly, the method Is entirely valid only when alternatives of identical 
benefit are being compared; that is, the method will generally prove valid only when 
alternatives being compared will have the same future volumes and travel speed or 
service conditions. Since alternative projects seldom can be expected to experience 
identical volumes and total user benefits, the method will seldom be helpful. 

^°°As pointed out earlier, i t is possible for multiple rates-of-retum to result. However, we shall 
assume that only one rate-of-return is possible in this case. Where multiple rates exist, outside i n ­
formation must be used to select the correct solution from those available. 
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Since both the volumes and travel conditions (and benefits) on the projects being 
compared in this example are not equal, the annual cost method will give improper 
results, as will be shown. Furthermore, inasmuch as this example would appear 
to be a typical one and more realistic than the usual economic analysis example which 
indicates and assumes equal and constant annual volumes on all alternatives, it must 
be concluded that the annual cost method generally should not be used for engineering 
economy studies. 

The major problem in determining annual costs is the reduction of the cost data to 
an "equivalent annual" basis or to an "equivalent uniform annual series of payments." 
In simplest terms, the equivalent uniform annual series of payments for any cost item 
may be determined by: 

1. Determining the present value of the cost item at the cost of capital; and 
2. Multiplying the present value of the cost item (i . e., the discounted cost) times 

the so-called "capital recovery factor" or sinking fund factor plus the interest rate. 
Analytically, the equivalent annual cost for any cost item or group of cost items can 
be expressed as follows: 

= PVC.^n(crf.^„) (3.24) 

= PVC 
[(i + i ) " - i 

(3.25) 

P V ^ n K , n - ^ i ) (3.26) 

= PVC 
(1 + i ) " - / ' 

(3. 27) 

where EAC^ ^ is the equivalent uniform annual cost, computed for interest rate of i 
(percent ove'r 100) and a terminal date of n years; PVC, „ is the total present value of 
all costs occurring over the n-year period and discounted to the present at an interest 
rate of i ; also, erf. is the capital recovery factor and sff. is the sinkii^ fund factor. 

Since all of the cost items of our example (to include facility construction, right-of-
way, maintenance and administration, and user costs) have already been discounted to 
their present value for interest rates of 4, 6, and 8 percent, the equivalent annual cost 
for each project and interest rate can be determined simply by multiplying the total 
discounted costs times the appropriate capital recovery factor (in this case, that for 
a 40-year period and either 4, 6, or 8 percent interest. For example, the total dis­
counted costs for project yg (either the low or high cost version) at a 4 percent interest 
rate was $77. 544 million (as shown in part I of Appendix 3.10); this figure times the 
capital recovery factor of 0.05052 (for 4 percent and 40 years) results in an equivalent 
annual cost of $3.917 million, as shown in part m of Appendix 3.10. 

Crucially, though, if the results of the equivalent annual cost method (whereby the 
alternative of lowest equivalent annual cost is selected as the best project) are com­
pared with either the present value or rate-of-return results in parts I and n of Ap­
pendix 3.10, it will be clear that the annual cost project selections differ in some cases 
with those of the other two methods. As shown more simply in Table 3. 7, the annual 
cost method would result in an improper project selection in four out of the six cases 
examined. 

^°^This is not a general statement, but applies for this particular analysis and for these data (or 
for other similar situations). 
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TABLE 3.7 
BEST ACCEPTABLE PROJECT FOR COST CONDITION, 

INTEREST RATE AND ANALYSIS METHOD 

Best Project According to: 

Interest Rate (^ Present Rate of Annual Benefit-Interest Rate (^ 
Value Return Cost Cost Ratio 

Method Method Method Method 

Low cost 
conditions: 

4 ya ya y i ya 
6 ya ya y i ya 
8 y i y i y i y i 

High cost 
conditions: 

4 y i y i y i y i 
6 yo yo y i yo 
8 yo yo y i yo 

3.3.4. Benefit-Cost Ratio Calculations 
The benefit-cost ratio calculations must be carried out in two steps, much like the 

rate-of-return method. First, ratios must be computed for the overall project, and, 
second, ratios must be computed on the incremental benefits and costs of increasingly 
higher cost projects. 

The so-called benefit-cost ratio is an arbitrary ratio of the benefits to the costs, 
the latter two items being placed either on a discounted (or present value) basis or on 
an equivalent uniform annual basis, according to one's preference. (Mathematically, 
of course, the ratios computed either way would be equal.) More importantly, the 
convention is arbitrary with respect to the classification or specification of what items 
are to be called benefits; for example, usually engineers do not make the same distinc­
tion between costs and benefits as do the economists, but will regard reductions in user 
costs as benefits and will therefore place these reductions or negative costs (if any) in 
the numerator. Also, reductions in highway maintenance costs will sometimes be 
called benefits, and placed in the numerator, though more often they are retained as 
costs and kept in the denominator. 

One should recognize that the usual way of treating benefits and costs in the highway 
engineering literature ordinarily is not a good policy. First, with Improvement of a 
roadway or in a corridor, it is reasonable to expect reductions in the unit user cost 
or user cost per mile of travel but it is also reasonable to expect increases in the vol­
ume of usage because of the reductions in unit travel costs. This volume increase 
may well result in the total user costs being increased with improvements, just as we 
experienced with the example problem. For example, the unit travel cost for project 
y2 was less than that for project YQ, but the overall or total discounted user costs for 
project yo were higher than those for project yg at the three levels of interest we an­
alyzed, fii other words, if differences in volume of usage which will or may result 
from travel improvements are recognized, then the usual definition of highway benefits 
may result in a negative amount of benefit, unless one always restricts his attention 
to equal amounts of volume usage, and thus less congestion and travel cost than it is 
realistic to consider. 

It is important to note that none of these problems arise when a definitional frame­
work of the sort proposed herein is followed. 

Computationally, the benefit-cost ratio for a project or the ratio applying to an in­
crement of cost between two projects applies only for a specified terminal date and 
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TABLE 3.8 
EQUIVALENT ANNUAL COSTS AND 

BENEFITS, AND BENEFIT-COST RATIOS 
FOR LOW-COST PROJECTS 

Low-Cost 
Project 

Equivalent Annual 

Benefits Costs 
(in $ millions) 

Benefit-Cost 
Ratio for 
Overall 
Project 

Benefit-Cost Ratio 
for Increment of 
Cost and Benefit 
Over Next Less 
Costly Project 

yo 4. 020 3.918 1. 03 0. 951 (for yo to 
yi) 

yi 2. 985 2.829 1. 05 — 
y2 4. 356 4. 184 1. 04 1. 012 (for y2 to 

yi) 

interest rate, just as with the present value and annual cost methods. As an example, 
consider the circumstances for the low-cost projects at 4 percent over 40 years; just 
as with the annual cost method, the equivalent annual costs or benefits can be computed 
by multiplying the discounted costs or benefits (given in part I of Appendix 3.10) times 
the appropriate capital recovery factor (or, erf ̂  in this case) of 0.05052. For the 
low-cost projects at 4 percent, the resultant equivalent annual costs and benefits are 
given in Table 3. 8, along with the benefit-cost ratios for overall projects and their 
increments. For project yg, for example, the overall ratio is $4,020 million divided 
by $3.918 million or a ratio of 1.03, and so forth. Once each ratio is computed, all 
projects having a ratio of at least 1.0 are regarded as acceptable projects; then, the 
ratio must be computed for increments of cost over the next less costly acceptable 
project. In this case, project y^ is the lowest cost project that is acceptable and must 
be used for examining the benefit-cost ratio for the incremental costs for the next most 
costly project, which in this case is yQ. The ratio for the increment between yi and yg 
is simply the difference between the overall benefits of the two (or $4.020 million minus 
$2.985 million) divided by the difference between the overall costs (or $3.918 million 
minus $2.829 million); thus the ratio is 1.035/1.089 or 0.951. Since the ratio for the 
increment of cost is less ttian one, the additional cost is not justified and the project 
is rejected. Once project yg is eliminated, the next most costly project relative to 
project yi is project y2, of course. Computing the ratio for its increment of cost, it 
would be the difference in benefits (or $1.371 million) divided by the difference in costs 
(or $1.355 million), or a ratio of 1.012. Since the ratio for this increment is greater 
than one, the increment of cost is justifiable and the more costly project (y2) is the 
best alternative. 

3.4 IMPLICATIONS OF PRECEDING ANALYSES 
For this particular example problem, the net present value, rate-of-return and 

benefit-cost ratio methods of analysis all indicated the same results in selecting the 
best acceptable project (Table 3.7). The annual cost method, however, produced in­
consistent results because the method does not take into account benefits or differences 
in benefits (from project to project); thus, in situations of this sort the annual cost 
method should not be used. 

Even though the net present value and rate-of-return methods selected the same set 
of projects as best for this example, it is important to emphasize that such a result 
occurred only by accident! Had the cost and benefit streams over the 40-year period 
of analysis been somewhat different, the results could easily have been conflicting; 
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again, this possibility stems from the fact that the net present values are computed 
while assuming that the reinvestment rate (for the annual earnings or benefits) is equal 
to the cost of capital or discount rate, while the rate-of-return figures are computed 
while assumii^ that the reinvestment rate is equal to the computed rate-of-return. 
Thus, we must re-emphasize the caution that must be exercised with regard to use of 
the rate-of-return method; it can easily give misleading results for economic feasibility 
decisions. 

Finally, it should be noted that even though for the special set of assumptions made 
for this particular example problem our analysis could have been shortened and sim­
plified considerably (by simply analyzing the various levels of discounted user taxes 
and facility costs), the full-scale ar^ysis was carried out. This was done principally 
because in the general case it will not be possible to ignore certain interactions between 
the facility design and vehicle operating costs, etc., and it was felt useful to include 
the entire procedure to be followed in more general circumstances. In short, the pro­
cedure as it was followed herein can be used to analyze the effects of any type of design 
problem—whether consumer surplus is included or not, and whether tripmaking bene­
fits are affected by design changes or not; thus the analysis method is not restricted 
to special case situations which is so often the case in the engineering economy litera­
ture. 

3. 5 CHANGES TO PREVIOUS ANALYSES IF 
CONSUMER SURPLUS IS INCLUDED 

The benefit totals included in this chapter and the accompanying appendices (and the 
measures of economy resulting therefrom) did not include consumer surplus, and thus 
do not include any portion of the benefit which travelers do receive but did not actually 
pay for. The practical result was that any facility expenditures which either did not 
reduce other resource costs by a corresponding amount or did not increase the allow­
able benefit (not including consumer surplus) as much will result in economic in-
feasibility. 

Should one have judged it appropriate to Include consumer surplus in the benefit 
totals, the preceding economic analyses would have been changed in only one respect. 
And that is, the benefit totals indicated in Appendices 3.4, 3.6 and 3.10 would have 
been increased by the amount of the consumer surplus. As pointed out in Section 1.3.3 
and the accompanying Table 1.2, the benefit totals would have to be increased to in­
clude the area above and to the left of the user price and underneath the demand curve. 
Referring to Figure 3.2, and to the situation for project y j during off-peak hours in 
year 1, the benefit totals in our analyses include only the area to the left of and below 
the price indicated at point A; the consumer surplus is the area to the left of and 
above point A and underneath the demand curve (only part of which is sketched in Fig­
ure 3.2). Consequently, if one does include consumer surplus in the benefit totals, it 
is necessary to have full knowledge of the demand curve over its entire range, (in our 
case, it was only necessary to have knowledge in the region of actual tripmaking.) 

Some analysts would argue that it is not necessary to have full knowledge of the de­
mand curve over its full range but only for the interval between alternatives; that is, 
they would argue that our interest is only in the change in consumer surplus (or what 
we previously termed change in net benefit) between alternatives. More specifically, 
they would note that our interest is confined to the chaise in consumer surplus between 
alternatives, say, yg and y^; thus for off-peak hours and year 1, they would argue that 
it is only necessary to determine the change in net benefit (that is, change in consumer 

'•°^lt is important to emphasize, though, that the benefit totals are directly related to the user tax 
price—as noted inSection 3.2.4. Thus, i t is possible for a project to be indicated as economically 
infeasible at, say, existing user tax levels but to be feasible at another either higher or lower level; 
this could certainly be the case when the user tax level used in the analysis was not at the unit elastic 
point. In short, the engineer should as a practical matter consider the user tax level to be an i n ­
dependent variable subject to change (just as any other design variable). 
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surplus) within the shaded area associated with points A and B (see Figure 3.2). How­
ever, as emphasized repeatedly, i f the economic analysis is restricted to these incre­
ments of consumer surplus (and the increments of expenditure associated with them), 
the engineer w i l l succeed in answering only the question of "Which way is best" and 
w i l l not answer the equally important question of "Whether to do i t at a l l . " That is , the 
possibility always exists of abandoning project YQ altogether (and thus of having no bene­
f i t s and no costs); and i f project YQ in total has a negative net present value or less 
than attractive rate-of-return, then clearly to do nothing is economically preferable to 
operating the existing fac i l i ty . 

In conclusion, i f one does include consumer surplus in the benefit totals, he is l e f t 
with the dubious possibility of having to determine the demand curve over its f u l l range 
or with that of having to carry out an incomplete economic analysis. 

3.6 ANALYSES FOR CERTAIN TYPES OF DESIGN CHANGES WHICH DO NOT 
AFFECT TRIPMAKING OR BENEFITS 

Ear l ie r i t was noted that additional fac i l i ty expenditures can be just if ied not only on 
the basis of increased user tripmaking or benefit but also can be just if ied by bringing 
about reductions in other resource costs. For example, improvements in roadway 
design may reduce t i re wear or gasoline consumption or accidents but may not affect 
the demand and perceived user price-volume relationships (and thus the level of user 
tripmaking or benefits). In other words, the actual user travel costs w i l l be reduced 
but travelers wUl not perceive these savings in their tripmaking calculus. In instances 
such as these, the analyst should make a distinction between the perceived user travel 
prices and the actual user travel costs, i tem by i tem. 

For these sorts of situations, the analysis is s implif ied considerably—in that the 
benefit side of the economic analysis can be ignored f o r the purpose of determining the 
best among several types or levels of physical fac i l i ty designs; again, though, this 
type of analysis w i l l not be concerned with the acceptability of the possible physical 
designs, or whether to imdertake the project at a l l , a question that must s t i l l be an­
swered by the analyst at some stage in the overall decision-making analysis. 

For making these kinds of analyses, i t wUl be necessary to examine the increments 
of fac i l i ty expenditure or cost over the lowest cost possibility (for a particular project) 
and to determine what changes in non-perceived user travel cost (or other public costs) 
are associated with the specific design changes. As noted before in Table 1.1, the 
particular cost items of interest are the following: 

1. Facil i ty construction and land acquisition costs; 
2. Dislocation and other social costs; 
3. Facil i ty operation, maintenance and administration costs; 
4. User travel costs, to include: (a) vehicle ownership costs (excluding a l l fees 

and taxes, (b) vehicle operating and maintenance costs (excluding a l l fees and taxes), 
(c) time costs, (d) discomfort costs, and (e) inconvenience costs; 

5. Accident costs; and 
6. Terminal (parking and garaging) costs. 

To the extent that changes in any of these costs do not affect the perceived user price, 
and thus the amount of tripmaking and benefit, we can examine the economic conse­
quences of changing the fac i l i ty design and thus reducing these costs without consider­
ing the t r i p m a k i i ^ benefits. 

'•°^ln such an insf-ance, the overall economy of the next higher cost alternative would have to be 
examined to determine if it is preferable to complete abandonment. Once an overall project has been 
found to be economically attractive, then it is necessary to examine only increments of investment for 
successively higher cost alternatives. 

^°*ln essence, this becomes a problem of determining the most efficient technology for performing 
a certain production function. In other words, what is the most efficient combination of pavement, 
grades, alignment, etc., for handling a specified level of volume at a given level of (perceived) serv­
ice. 
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To be more specific, by changing the type of roadway surface or its alignment, etc. , 
changes in the fac i l i ty costs (either construction, land acquisition or continuing) can be 
anticipated on the one hand and (hopefully) reductions in certain vehicle operating or 
accident costs on the other—the latter of which w i l l not be perceived by the traveler. 
Only the increments of cost, properly signed (positive or negative), need be included 
in the incremental economic analysis. Thus, one may view this sort of analysis as one 
consisting of an examination of the increments of annual cost or increments of net 
present value (wherein the benefits for the alternative designs are equal and thus net 
out to zero); consequently, a l l design changes which result in a negative increment in 
annual cost or net present value wUl represent better designs and should be substituted 
f o r the next lowest cost (and acceptable) design. 

Finally, i t should be pointed out that a l l other details of this incremental cost analy­
sis would be s imilar to the procedures outlined in previous sections, that is , the par­
ticular costs should be computed by year for both peak and off-peak periods (where they 
d i f fe r as vehicle speeds change) and should employ a l l of the appropriate discounting 
techniques outlined. 

Appendix 

APPENDIX 3.1 

AV-ANNUAL VOLUMES ON 
FACIUTIES SHOWN* 

AV-Annual Volumes 
Year 

yo y i y^N y '̂E 

0 13. 5 16. 5 9.75 9. 000 
1 13.8 16. 987 10. 125 9. 2625 
2 14. 1 17. 475 10. 5 9. 525 
3 14. 4 17. 962 10. 875 9. 7875 
4 14 7 18. 45 11. 25 10. 05 
5 15. 0 18. 937 11. 625 10. 3125 
6 15. 3 19. 425 12. 0 10. 575 
7 15. 6 19. 913 12. 375 10. 8375 
8 15. 9 20. 4 12. 75 11. 1 
9 16. 2 20. 887 13. 125 11. 3625 

10 16. 5 21. 375 13. 5 11. 625 
11 16. 8 21.862 13. 875 11.8875 
12 17. 1 22. 350 14. 25 12. 15 
13 17. 4 22. 837 14. 62 12. 4125 
14 17. 7 23. 325 15. 0 12. 675 
15 18. 0 23. 812 15. 375 12. 9375 
16 18. 3 24. 30 15.75 13. 2 
17 18. 6 24. 787 16. 125 13. 4625 
18 18.9 25. 275 16. 5 13. 725 
19 19. 2 25. 762 16. 875 13. 9875 
20** 19. 5 26. 25 17. 25 14. 25 

*ln millions of vehicle trips, based on Eqs. 3.1 
through 3.4. 

**20 and over. 



74 

A P P E N D S 3.2 

HOURLY LANE VOLUMES ON FACILITIES* 

Existing EaciUty (yo) Improved EaciUty ( y j New EacUity (y,jj) Existing Roadway (y.^,) 

Peak Hour OEf-Peak Peak Hour Off-Peak Peak Hour Off-Peak Peak Hour Off-Peak 
(qp) HourCqo) (qp) Hour (qo) (qp) Hour (qo) (qp) Hour (qo) 

1 936 450 1152 553 687 330 628 301 
2 946 461 1173 571 705 343 639 312 
3 957 473 1193 590 723 357 650 322 
4 966 484 1213 608 740 371 661 331 
5 976 497 1232 627 756 385 671 341 
6 985 508 1250 645 773 398 681 351 
7 994 520 1268 664 788 412 690 361 
8 1002 532 1285 683 803 426 699 372 
9 1010 544 1302 702 818 441 708 382 

10 1017 556 1317 721 832 455 717 392 
11 1024 569 1333 740 846 470 725 402 
12 1031 580 1347 759 859 484 732 412 
13 1037 593 1361 779 871 499 740 423 
14 1043 605 1374 798 884 513 747 434 
15 1048 617 1386 818 895 527 753 444 
16 1053 630 1398 838 906 542 759 455 
17 1057 644 1409 857 917 557 765 465 
18 1062 656 1420 878 927 573 771 476 
19 1065 669 1429 897 936 588 776 487 
20** 1068 682 1438 918 945 603 780 499 

*Based on data in Appendix 3.1 and Eqs. 3.10 and 3.11. 
**20 and over. 

APPENDIX 3.3 

AVERAGE PEAK AND O F F - P E A K SPEEDS* 

Existing Facility (yo) Improved Facility (yi) New Facility (yt^) Existing Roadway (ya^) 

Year 
Peak Hour Off-Peak 

Hour Peak Hour Off-Peak 
Hour Peak Hour Off-Peak 

Hour Peak Hour Off-Peak 
Hour 

1 18.8 25. 2 41.8 55.4 58.3 64.4 22.8 27.1 
2 18.7 25.0 41.4 54.0 58.0 64.2 22.7 26.9 
3 18 6 24.9 40.9 53.6 57.7 63.9 22.6 26.8 
4 18.4 24.7 40.5 53. 2 57.4 63.7 22.4 26.7 
5 18.3 24.5 40.1 52.8 57.1 63. 5 22.3 26.6 
6 18.2 24.4 39.7 52.4 56.9 63.2 22.1 26.4 
7 18.1 24. 2 39.4 52.0 56.6 63. 0 22.0 26.3 
8 18.0 24.1 39.0 51.6 56.3 62L8 21.9 26.2 
9 17.9 23.9 38.7 51.3 56.1 62.5 21.8 26.0 

10 17.8 23 8 38.3 50.8 55 9 6Z3 21.7 25.9 
11 17.7 23.6 38.0 50 5 55.6 62.0 21.6 25.8 
12 17 6 23. 5 37.7 50 1 55.4 61.8 21.5 25.6 
13 17.5 23.3 37.4 49.6 55.2 61.5 21.4 25. 5 
14 17.4 23.1 37.1 49. 2 55.0 61 3 21.3 25.4 
15 17 4 23.0 36.9 48.8 54.8 61.0 21.2 25.2 
16 17.3 22.8 36.6 48.4 54.6 60.8 £1 1 25 1 
17 17.3 22.6 36.4 48.0 54.4 60l 5 21.1 25.0 
18 17.2 22.5 36. 2 47.5 54.2 60.3 21.0 24.8 
19 17.2 22.3 36.0 47. 2 54.1 60.0 20 9 24.7 
20** 17. 1 22.1 35 8 46.7 53.9 59.7 20.9 24. 5 

*Based on data in Appendix 3.2, and Eq. 3.14 plus parameter values from Eqs. 3.5 through 3.7. 
••20 and over. 
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APPENDIX 3.4 
ANNUAL USER THIPMAKING BENEFITS P E R MILE FOR PEAK AND O F F - P E A K PERIODS 

(in $1000's) 

Existing Facility (yo) Improved Facility (yi) New Facility (32) Existing Roadway (ya) 

pea. Hour 
„ , „ Off-Peak Peak Hour Peak Hour 

„ , _ Off-Peak Peak Hour g^^. 

(a) Breakdown of Annual Benefits by Peak and Off-Peak Periods 

1 978 2088 677 1510 336 
2 992 2149 689 1585 345 
3 1007 2216 711 1637 357 
4 1025 2278 723 1701 365 
5 1039 23 50 739 1754 373 
6 1053 2402 755 1819 385 
7 1066 2482 771 1872 392 
8 1079 2540 786 1941 400 
9 1092 2609 797 1995 407 

10 1108 2679 811 2094 417 
11 1120 2754 827 2119 424 
12 1132 2820 841 2191 431 
13 1142 2897 855 2248 437 
14 1153 2982 863 2321 447 
IS 1159 3041 876 2397 453 
16 1169 3133 890 2456 458 
17 1173 3217 897 2531 464 
18 1183 3292 909 2612 473 
19 1186 3372 915 2669 477 
20* 1198 3452 927 2751 482 

835 574 1330 
876 584 1385 
911 597 1437 
947 609 1477 
983 621 1529 

1016 633 1582 
1061 645 1627 
1097 656 1685 
1136 667 1739 
1172 676 1785 
1210 686 1839 
1257 696 1894 
1296 706 1944 
1333 713 2004 
1369 722 2060 
1420 731 2121 
1459 737 2168 
1501 746 2230 
1S40 754 2292 
1593 757 2360 

(b) Total Annual Benefits for Peak and Off-Peak Travel 

1 3066 2187 3075 
2 3141 2274 3190 
3 3223 2348 3302 
4 3303 2424 3398 
5 3389 2493 3506 
6 3455 2574 3616 
7 3548 2643 3725 
8 3619 2727 3838 
9 3701 2792 3949 

10 3787 2905 4050 
11 3874 2946 4159 
12 3952 3032 4278 
13 4039 3103 4383 
14 4135 3184 4497 
15 4200 3273 4604 
16 4302 3346 4740 
17 4390 3428 4828 
18 4475 3521 4950 
19 4558 3584 5063 
20* 4650 3678 5192 

0-20 2= 76807 58462 S= 82343 
21-40 £ = 93000 73560 J2= 103840 

•20 and over. 
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APPENDIX 3.5 
USER TRIPMAKING PRICES P E R VEHICLE TRIP* 

(in cents per trip) 

Existing FaciUty (yo) Improved FiclUty (y,) New FacUlty Or.) ExisOng Roadway (y.) 
Year 

Peak Hour Off-Peak 
Hour Peak Hour Off-Peak 

Hour Peak Hour Off-Peak 
Hour Peak Hour Off-Peak 

Hour 

1 25.6/ 20.9lS 14.4/ 12 3 / 12.0/ 11.4/ 22.4/ 19.9/ 
2 25.7 21.0 14.4 12.5 12.0 11.5 22.4 20.0 
3 25.8 21.1 14.6 12.5 12. 1 11.5 22. 5 20.1 
4 26.0 21.2 14.6 12.6 12.1 11.5 22.6 20.1 
S 26 1 21.3 14.7 12.6 12.1 11.5 22.7 20. 2 
6 26. 2 21.3 14.8 12.7 12.2 11.5 22.8 20.3 
7 26.3 21. 5 14.9 12.7 12. 2 11.6 22.9 20.3 
8 26.4 21.5 15.0 12.8 12.2 11.6 23.0 20.4 
9 26. 5 21.6 15.0 12.8 12.2 11.6 23. 1 20. 5 

10 26.7 21.7 15.1 12.9 12.3 11.6 23.1 20.5 
11 26.8 21.8 IS. 2 12.9 12.3 11.6 23. 2 20.6 
12 26.9 21.9 15 3 13.0 12.3 11.7 23.3 20.7 
13 27.0 22.0 15.4 13.0 12.3 11.7 23. 4 20.7 
14 27.1 22 2 15. 4 13.1 12.4 11.7 23.4 20.8 
15 27.1 22.2 15. 5 13.2 12.4 11.7 23.5 20.9 
16 27. 2 22.4 15.6 13.2 12.4 11.8 23.6 21.0 
17 27. 2 22. 5 15.6 13.3 12. 4 11.8 23.6 21.0 
18 27.3 22.6 15.7 13.4 12. 5 11.8 23.7 21.1 
19 27.3 22.7 15.7 13.4 12.5 11.8 23 8 21. 2 
20 27. 5 22.8 15.8 13.5 12.5 11.9 23.8 21.3 

•Bcsed on a one-mile trip, and detannined from Eqs. 33 through 3.7, togefher with hourly volume data from Appendix 3.2. 

APPENDIX 3.6 

DISCOUNTED ANNUAL USER TRIPMAKING BENEFITS P E R M I L E * 
(in $1000's) 

Existing laclUty &,) Improved P^clhty fyi) ^ 
Existing (yij 

4f en 8f 4!8 6)t 85t 

1 2948 2892 2839 2103 2063 2025 
2 2903 2795 2693 2102 2024 1949 
3 2865 2706 2558 2087 1971 1864 
4 2823 2616 2428 2072 1920 1782 
5 2785 2532 2306 2049 1863 1697 
6 2730 2436 2177 2034 1815 1622 
7 2695 2360 2070 2008 1758 1542 
8 2644 2270 1955 1993 1711 1473 
9 2600 2191 1851 1962 1653 1397 

10 2SS8 2115 1754 1963 1622 1346 
11 2516 2041 1661 1914 1552 1264 
12 2468 1964 1569 1894 1507 1204 
13 2426 1893 1485 1864 1455 1141 
14 2388 1829 1408 1839 1408 1084 
IS 2332 1753 1324 1817 1366 1032 
16 2297 1693 1256 1786 1317 977 
17 2254 1630 1187 1760 1273 928 
18 2209 1566 1119 1738 1233 881 
19 2163 1506 1056 1701 1185 830 
20 2122 1450 997 1679 1147 789 

1^21-40 28844 16628 9798 22815 13153 7750 

Z 0-40 79570 58866 45491 59080 44996 34577 

4f 6i af 

2957 2901 2847 
2949 2839 2735 
2935 2772 2621 
2905 2691 2498 
2882 2620 2386 
2858 2549 2279 
2831 2477 2174 
2804 2408 2074 
2774 2337 1975 
2736 2262 1876 
2702 2191 1784 
2672 2126 1699 
2632 2055 1612 
2597 1989 1531 
2557 1921 1451 
2531 1866 1384 
2479 1793 1305 
2443 1734 1238 
2403 1673 1173 
2370 1619 1114 

32206 18567 10940 

86223 63490 48696 

'Bcoed on data in Appendix 3.4, but discounted.using a single-payment present value factor for yean 1 
through 20, and a uniform series present value factor for yeais 21 through 40, for the fomier pwf'. 
= _ L ^ ; for the latter pwf. ^ = ( L U i l l l . Hljlsl. 

(1+i)* i( l+i)" i (1+i)» 



APPENDIX 3.7 
DISCOUNTED HIGHWAY MAINTENANCE & 

ADMINISTRATIVE COSTS PER MILE* 
(in $1000's) 

Project 

Existing, ( 0-20 years 
121-401 yo I years 
Total 

Improved, ( 0-20 years 
yi 121-40 years 

Total 

New road < 0-20 years 
plus 121-40 years 
existing. Total 

72 
*Based on data from Table 3.2 and using uniform 

series present value factor as shown in Eqs. 3.16 and 
3.17. 

4)6 6t Bi 

608 512 440 
276 160 92 
884 672 532 

428 364 312 
196 112 68 
624 476 380 

864 732 636 
392 224 132 

1256 956 768 

APPENDDC 3.8 
DISCOUNTED CONSTRUCTH)N AND ROADWAY COSTS* P E R MILE 

(in $l,000's) 

Project 
Low Costs 

6i 8* 

High Costs 

if 6i 

Existing, 
yo 

Improved, 
yi 

New road 
plus 
existing, 

y» 

Construction 
Initial roadway 
Roadway salvage 
Construction 
Initial roadway 
Roadway salvage 

Net roadway 

Construction 
mitial roadway 
Roadway salvage 

Net roadway 

600 

876 
394 

(-)82 
312 

600 600 1,100 1,100 1,100 
_ 354 354 354 
— — (-)74 (-)34. (-)16 

280 320 338 

876 876 2,752 2,752 2,752 
394 394 788 788 788 

(-)38 (-)18 (-)164 (-)77 (-)36 
356 376 624 711 752 

*lnitial right-of-way costs less roadway discounted from fortieth year, assuming entire roadway 
cost IS salvageable at that date, data from Table 3.2. 

APPENDIX 3.9 
DISCOUNTED USER TAXES* PER MILE 

(in $1000's) 

Rate 
Project 

4i 

Existing, 
yo 

Improved, 
yi 

New road 
plus 
existing, 

y» 

imtlal for 
40 years 

gradient 0 to 20 
gradient 20 to 40 

Total 
initial for 

40 years 
gradient 0 to 20 
gradient 20 to 40 

Total 

imtial for 
40 years 

gradient 0 to 20 
gradient 20 to 40 

Total 

2324 1767 1400 
285 223 176 
301 173 102 

2910 2163 1678 

3228 2454 1945 
522 408 323 
552 318 187 

4302 3180 2455 

4201 3194 2531 
801 627 496 
847 488 288 

5849 4309 3315 

•Based on unit taxes as shown in Table 7.4(b) on annual vol­
ume data in Appendix 3 1, and on use of Eq. 3.22 



APPENDIX 3 10 
PRESENT VALUE OF COSTS AND BENEFITS OVER 40-YEAR PERIOD (IN $l,000's) 

-a 
CO 

Low Cost Systems High Cost Systems 
Kem it 6f 8i 6« 8)8 

ys yo ya y i ya yo yi ya yi ya yo yi ya 
Net Present Value: 

Hi^vay con­
struction costs 
Net highway 
roadway costs 

600 876 600 876 600 876 

Discounted 
values Highway main­

tenance costs 
Highway user 
costs 

Total costs 
Discounted total benefits 

Net Present Value 

- 312 - _ 356 - - 376 

884 624 1,256 672 476 956 532 380 768 

76.660 54,778 80,374 56,703 41,816 59,181 43,813 32,122 45,381 
77,544 56,002 82,818 57,375 42,892 61,369 44,345 33,102 47,401 
79,570 59,080 8 6 , ^ 58,866 44,996 63,490 45,491 34,577 48,696 
2,026 3 ,078CXlO|5 1,491 2,104 C3tT|D l,l«C3Ii!I> 1,295 

1,100 2,752 - 1,100 2,762 - 1,100 2,752 

280 624 - 320 711 - 338 752 

884 624 1,256 672 476 956 532 380 768 

76,660 54,778 80,374 56,703 41,816 59,181 43,813 32,122 45,381 
77,544 56,782 85,006 57,375 43,712 63,600 44,345 33,940 49,653 
79,570 5 9 ^ ^ 86,223 5 8 ^ 44,996 63,490 45,491 34,577 48,696 
2,026C2Z155 1 , 2 1 7 C I I S I 5 1,284 (-110)CLl4g5 637 (-957) 

It (r) Rate-of-Return: 
Low il' 

Hi|» 
Cost 

yo 
yi 
y» 

ro> 50* 
ri»> 25 
Tt^ 15 
ro> 50i« 
r t <» 11. 5 
r> «j 5.8 

(Projects having incremental rate-of-return\ s cost of capital at-
relative to next lowest cost project 
that IS acceptable y Low 

it 
High Low 

= 6< 
Hig^ Low High 

' Rejected at 6* and H 

Yi yes yi (^eS) yi yes yi yes yi Jes) y, yes 
yo no yo no yo no yo ges) yo no yo (ye^ 
y a ( 2 ^ ya no yaCyes) ya - ya no yj -

Preferred alternatives by rate-of-return circled 

m. Annual Cost (on an equivalent annual basis)-
Low Cost Systems High Cost Systems 

ii 6i6 8< 4* 6i 8i 

yo 
3,917 

yi yo yi ya yo y, y, yo 
4,184 3,813 c o n ? 4,079 3,719 C O T B ^ 3,975 3,917 

ya yo 
4,29 4 3,813 

ya yo 
4,227 3,719 

ya 
4,164 

IV Benefit Cost Ratio (using equivalent annual costs and benefits; highway maintenance costs regarded as costs)-
Low Cost Systems High Cost Systems 

Bit 8i it 8* 

Basic ratios 

Incremental ratios 

yo 
1 03 
y«/yi 
0 951 

yi 
1 05 

ya 
1.04 
yo/yi 
1 012 
@ 

yo 
1 03 
yo/yi 
0 958 

yi 
1. 05 

ya 
1 03 
ya/yi 
1.001 

yo 
1.03 
yo/yi 
0.971 

yi 
1 04 

ya 
1 03 
ya/yi 
0 987 

yo 
1 03 
y</yi 
0 987 

yi 
1 04 

ya 

1 01 

0 962 

yo 
1 03 
yo/yi 
1 015 

yi 
1 03 

ya 
0 998 

yo 
1 03 
yo/yi 
1 049 

yi 
1 02 

ya 
0 981 
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Richard M. Soberman 
ASSOCIATE PROFESSOR OF CIVIL ENGINEERING 
UNIVERSITY OF TORONTO 

This report real ly deals with two distinct issues each of -w^ich can almost be dealt 
with separately. On one hand, the authors exhaustively deal with the subject of the 
different techniques of project evaluation currently used by transportation engineers. 
The second issue and perhaps the pr imary one is a redefinition of many of the concepts 
which represent inputs to the project evaluation procedure which is f ina l ly selected. 
In particular, the authors have transformed some f a i r l y r i g id traditional concepts 
about what constitutes a "highway benefit" f r o m the engineers' point of view into some­
what more s t r ic t ly economic concepts. 

The comparison of project evaluation techniques is extremely useful and does suc­
cinctly point out the advantage of using present value methods inasmuch as they obviate 
two of the major problems, namely, differences in fac i l i ty l i f e and differences in t r a f ­
f i c volumes among alternative faci l i t ies being compared. However, what the report 
fa i l s to do is satisfy this reader f u l l y that the f a i r l y complex definitional system of 
benefits which has been su^ested is really going to do something that cannot be already 
done by a comparison of user and maintenance cost reductions with costs of construc­
tion in the traditional sense. The problem example, fo r example, does not really 
point oiit why using the authors' schema of benefits and costs gives different or better 
results than the traditional concepts (wherein benefits are considered to be savings in 
user costs). In view of the length of the report, i t seems reasonable fo r purposes of 
this presentation to comment only in general on the authors' approach to each of the 
two major issues mentioned previously and to minimize specific comments to the ex­
tent possible. 

Certainly the major interest focuses around the conceptual framework which the 
authors have formulated f o r the measurement of highway benefits and cost. This f r ame­
work has been presented in terms of the economist's supply and demand functions where­
in benefits are directly related to the demand schedule and costs to the supply function 
(price-volume curve). The main reasons f o r formulating these benefits and costs in 
terms of the new framework appear to be as follows: 

1. The more usual manner in which h i ^ w a y benefits are measured, namely, as 
differences in user costs, cannot be effectively applied i n cases where there are d i f ­
ferences in t ra f f ic volumes using alternative faci l i t ies ; and 

2. This traditional method is not used on any widespread basis by other than water 
resources and highway engineering personnel. 

The second argument does not appear to be a very weighty one. The types of pro­
jects which water resources and highway engineering personnel are called upon to eval­
uate are in many ways unique, inasmuch as i t is often very d i f f icu l t to trace the i n ­
cidence of benefits and costs associated with each project. Thus there is no real rea­
son why these professionals should not have a calculus a l l their own or at least spe­
cialized techniques which d i f fe r somewhat f r o m the decision c r i t e r i a which might be 
employed by private entrepreneurs (as fo r example, operators of a to l l f ac i l i ty ) . The 
fact that in addition, these techniques may also be not very wel l understood by those 
who employ them (as the authors r ightly point out) is just another reason why an at­
tempt should be made to correct many misconceptions and misunderstandings. 
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The f i r s t point is , however, probably the more important one. Where there are 
differences in t ra f f ic volumes among alternative faci l i t ies , the traditional marginal 
benefit-cost approach does f a l l down, unless some attempt is made to impute by one 
means or another those benefits which accrue to the incremental volume using one 
fac i l i ty (presumably the one providing the lower perceived price), and not the other. 
This imputed benefit might be denoted by one-half the difference in perceived price 
multiplied by the incremental volume. For a linear demand curve, this area turns out 
to be the same as the consumer surplus, f o r the incremental volume only. Determin­
ing the benefits i n this manner however, involves making some assumptions about the 
shape of the demand schedule whereas one of the advantages of the method suggested 
by the authors is that no assumption must be made about the shape of the demand func­
tion. 

On the other hand, there are many cases where differences in volumes using a l ­
ternative faci l i t ies being compared are insignificant, simply because the nature of the 
improvement being considered is such as to provide no change in "perceived user 
p r i c e . " Examples of such projects include improvements made to reduce maintenance 
costs or even a grade reduction project in which the apparent price which the user per­
ceives f o r each alternative is small enough so as to have l i t t l e or no effect on the v o l ­
ume of t r a f f i c using each fac i l i ty . For this sort of example the sort of sub-optimization 
procedures commonly employed in which benefits are considered to be "cost savings" 
(as opposed to the authors' concept of "value"), should give correct answers in the 
sense that private entrepreneurs choosing among different machines or industrial 
processes would employ the same procedures. 

With regard to the second major issue dealt with i n this report, namely, the com­
parison of alternative methods of project evaluation, the authors present a f a i r l y con­
vincing case fo r the use of present worth methods of analysis over a l l other methods. 
This case is predicated on the following arguments: 

1. Discounti i^ future benefits over the l i f e of the fac i l i ty obviates the need to se­
lect any equivalent annual volume where t ra f f ic volumes are expected to increase over 
time (the more usual case), and 

2. The problem of comparing faci l i t ies of different useful lives is circumvented 
without the need to make assumptions about the stream of benefits and costs accruing 
after the completion of the shortest project l i f e i n the analysis. 

The f i r s t argument is a sensible one. Except in the very rare case where t r a f f i c 
volumes can be expected to increase uniformly over time the equivalent annual volume 
to be used in an economic evaluation can be obtained only by determining the present 
discounted value of the future stream of volumes and then multiplying this value by the 
equivalence factor, i . e . , the capital recovery factor. Since the present discounted 
value must be determined before the equivalent annual volume can be determined i t 
seems reasonable simply to work with the present discounted value in the f i r s t place. 

The second argument is not nearly as clear. While i t is true that i f the present 
worth method is not used and two projects do d i f fe r with respect to their economic 
lives that some assumption must be made about reinvestment rates fo r the shorter 
l ived project, i t is not clear that the assumption which is made is an extremely c r i t i ­
cal one. For example, in one of the sample calculations two projects are presented 
each of which requires the same capital outlay but d i f fers with respect to service l i f e . 
The fac i l i ty having a 30-year service l i f e yields a net present value of approximately 
$54,000 and a rate-of-return of 6.5 percent whereas the project having a service l i f e 
of 10 years yields a net present value of only $47,000 and a rate-of-return of 7.0 per­
cent. The authors conclude that on the basis of net present values the longer l ived 
project should be selected since the present value is higher unless the reinvestment 
rate fo r the shorter l ived project is at least 6.025 percent. 

Having determined this reinvestment rate the decision as to whether or not i t 
seems reasonable is no more di f f icul t to make than the choice of the appropriate op­
portunity cost of capital. Thus although the present value method is computationally 
less d i f f icu l t (since the rate-of-return method requires a t r i a l and er ror computation), 
i t is not clear that i t necessarily provides the correct answer. Perhaps what this 
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means is that one ought really to look at both the rate-of-return and the net present 
value. In many cases of course, both the present value and the rate-of-return fo r one 
project w i l l be higher than fo r a l l others and in such cases the choice w i l l be a re la­
tively easy one to make. 

Two other points are probably worth commenti i^ upon. Throughout the paper the 
authors have Indiscriminately substituted the word "system" f o r " fac i l i ty . " The 
supply-demand relationships that have been discussed appear to be more relevant fo r 
the case of predicting fac i l i ty as opposed to system usage. I t is reasonable to talk 
about the price of a " t r i p " on a particular fac i l i ty but not on a system which may ac­
commodate t r ips of varying length and which are therefore not homogeneous units of 
output. 

The f ina l point pertains to the authors' suggested decision rule fo r choosing among 
alternative projects—that f r o m among a group of mutually exclusive projects, the one 
hav i i ^ highest net benefits is selected. The proper decision rule really depends on the 
presence of any budget constraints and/or what alternative uses f o r the capital are 
available to the agency making the expenditure. Assuming that a highway agency is 
choosing one project f r o m each of several groups of projects and assuming there is 
some l i m i t to the total amount of money to be spent, selecting a project which maxi­
mizes net benefits f r o m one group of projects may leave so l i t t l e in the budget as to 
preclude the selection of worthwhile projects f r o m other groups of projects. Prac­
tical ly speaking, this means that one has to consider the various combinations of 
projects f r o m independent groups before selecting one project f r o m a particular group. 
One method of d o i i ^ this would be to ration the available investment funds by selecting 
f r o m each independent group that project returning the highest net benefits per dollar 
investment. 

In conclusion i t should be emphasized that these comments are by no means intended 
to detract f r o m what this discussant considers to be an extremely worthwhile report. 
Discussion is almost automatically defined as picking out the weak points i n the argu­
ments which have been presented. In view of the length of the report, the number of 
comments which have been raised here is really quite insignificant. This is indicative 
of the fact that the authors have presented an extremely cogent, thorough, and wel l 
thought out treatment of the whole subject of economic analysis of highway improve­
ments. Even i f the methods and concepts presented are not readily adopted by highway 
engineering personnel engaged in economic analysis, there is l i t t l e doubt that a thorough 
understandii^ of the arguments presented in this paper cannot help but lead to better 
understanding and use of the "standard" techniques of economic analysis employed by 
highway engineers. 
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Wohl and Mart in have discussed the problem of economic comparison of mutually 
exclusive alternative investments. While i t is useful and necessary f o r the design 
engineer to understand this case, he should be aware that the broader question of the 
selection of investment programs, that is , the selection of sets of projects that are 
neither mutually exclusive nor necessarily independent, is a problem more relevant to 
real l i f e situations and introduces complexities fa r beyond those discussed here today. 
The authors te l l us how, in the restricted case, to select the project that maximizes 
net benefits. Generally, the problem faced by the typical highway department is the 
selection of a project subject to some budget constraint. The best project may not be 
feasible. Although the methodology is discussed in the framework of public or govern­
ment investment in highways i t i s , of course, applicable and necessary to other types 
of public investment. Furthermore, there is a growing emphasis by governments at 
a l l levels to jus t i fy a l l tjrpes of projects using economic analysis. 

From the economist's viewpoint, government investments, or private fo r that mat­
ter, divert scarce resources. There is some obligation to assure that the diverted 
resources provide greater benefit i n the subject investment than they would in alterna­
tive applications. In the private sector of the economy the test is explicit and decisive: 
wUl the investment yield a return greater than its cost? The test in the private sector 
is prof i t . 

The evaluation of government projects is not quite so simple. The government may 
have objectives beyond those that can be measured in simple monetary terms. Fur­
thermore, the government may acquire resources through other means than private 
industry; this is part icularly so in the acquisition of land. Since the government sector 
does not operate under the same set of rules as does the private sector, we are i m ­
mediately presented with a possible double standard f o r evaluating investments. The 
authors si^gest the same standard ought to be applied to both. Certainly the question 
is not easUy settled. One question that arises in the extreme, f o r example, is: i f a 
project would be profitable f o r a private investor, why not leave i t fo r the private sec­
tor? I f we applied the test in this way then, by definition, application of the same 
standards in both the public and private sectors would result in no government invest­
ment at a l l , except possibly in those few activities where private investors would have 
dif f icul ty collecting f r o m users or have dif f icul ty identifying the users such as the case 
in defense or i n the operation of a lighthouse. 

For one reason or another, as a nation we have decided that government should pro­
vide certain goods and services. Also, f o r other goods and services that we choose 
to have provided by the private sector, we have taken the position that private owner­
ship must be regulated. In general, we may argue that with certain types of invest­
ment, government operation is desirable and provides greater benefits than i f the i n ­
vestment were l e f t solely in private control. 

While I do not wish to dwell on this subject which is more suitable f o r debate in 
other forums, I do think i t is necessary at least to recognize that the single standard 
adopted may not be indisputable. WhUe I agree with the idea of a single standard, my 
personal inclinations are to apply the standard in a slightly different way. 

I believe most economists today accept "willingness to pay" as the measure of bene­
f i t . They are not in agreement, however, in defining this quantity. Margl in takes the 
position that the entire consumers' surplus, the entire area under the demand curve 
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to the l e f t of the output, should be included. "̂̂  While under certain special conditions 
i t i s possible to exact the entire consumers' surplus through perfectly discriminatory 
pricing, I would agree that i t is d i f f icu l t , i f not impossible, to measure consumer sur­
plus with our l imi ted knowledge of the demand curve, part icularly far beyond the range 
of our normal experience. Most importantly, however, the use of consumers' surplus 
fo r the measurement of the benefit of government investment leads to a double standard. 
Benefit measured by consumers' surplus for the public sector makes public and private 
investment incomparable. 

A t the other extreme in definitions of "willingness to pay" are the authors who use 
what people in fact pay as the measure. K I interpret this approach correctly, under 
certain conditions of demand we could simply increase the user charge and thereby i n ­
crease the benefit of the project. I do not believe we want an evaluation system that 
w i l l yield this result, characteristic of any benefit measure that is dependent on actual 
output or consumption of services. An alternative measure, and one which I would 
suggest more closely parallels the private decision is: what is the maximum pro f i t 
that can be obtained f r o m the investment using a single price? In this case we stUl can 
assume a single price system, but we can set a rb i t rary prices. The measure of maxi­
mum possible p ro f i t f r o m the venture has the additional important advantage that i t is 
an inherent characteristic of the demand and supply relationships, independent of the 
quantity of output actually consumed. We may even consider discriminatory pricing, 
but I believe this would deviate f r o m general private sector practice. 

I believe that the authors foreclosed arbi t rary pricing f o r several reasons: In high­
way systems, services are priced through generally applied non-discriminatory and 
non-project oriented user charges. He does allow price to vary in the to l l road case, 
but even here he restr icts the to l l to equal average cost. 

A fur ther important point i n this regard is the question of whether the charge must 
be imposed to achieve the benefit. Although the test applied is willingness to pay, 
ranking projects on economic efficiency c r i te r ia does not require consideration of actual 
revenues. Although money plays many roles in our economy, f o r purposes of deter­
mining the benefit of government investment, money charges may be regarded as used 
to redistribute the benefits, generally f r o m users to owners. Money is not a benefit 
i tself. I t is because of the distinction between benefit and charges that differences be­
tween public and private sector investments make the single standard d i f f icu l t to apply. 
Whereas the private Investor is concerned with income redistribution between his cus­
tomers and himself, the government sector, on the other hand, may have deliberate 
policies to redistribute income among various groups in society, presumably fo r some 
greater good f o r a l l , and, consequently, may not wish to impose the charges. As an 
example, in New York City recent proposals have been made to subsidize the subway 
system f r o m revenues derived f r o m brieve tol ls . 

Needless to say, the possibilities of redistribtuion complicate the engineer's prob­
lem. For this reason, I believe i t is more convenient f o r purposes of analysis to i g ­
nore the actual charges made, and merely adopt the private standard of the p ro f i t -
maximizing revenue. H this is greater than the cost, we know that, i f i t were desired, 
we could charge a price that would cover our costs. 

Wohl and Mart in have decided to present their demand curves in an unconventional 
way. The customary demand curve uses, as a price axis, only those prices which 

'•°^See Arthur Maass, et al. Design of Water-Resource Systems, Harvard University Press, 1962, 
Ch. 2 by Stephen A. Morglin. 

^°^When the measure of benefit is dependent on the quantity consumed, it is difficult to avoid 
consideration of actual revenues, such as in Mr. Wohl's measure or the consumers' surplus measure. 
There may be some validity, also, in the assumption that externalities are highly correlated with the 
quantity of output consumed, and hence there may be merit in explicit consideration of output 
quantity. 
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sellers receive f r o m buyers. By incorporating the charges f o r other items, the price 
axis does not reflect the price that would necessarily be received by the owning agency. 
Usually the other items influencing the traveler 's tripmaking behavior would be incor­
porated by using additional dimensions, in which case the s i i ^ l e price-quantity demand 
curve is simply a projection f r o m a multidimensional surface where a l l the other items 
are held constant. Undoubtedly, the authors fe l t that the use of the multidimensional 
demand curve would overcomplicate the presentation. While I agree that i t may do just 
that, I also believe that the argument is clearer, the evaluation more straightforward, 
and the explicit information gained more relevant when a l l the dimensions are presented. 
In fact, i t may be desirable for certain cases to recognize explicit ly that the demand 
for transportation is a derived demand. This can be accomplished by modeling its 
derivation as a function of its relationships to the demands f o r other goods and serv­
ices. In dynamic situations where the environment and the goods and services to be 
provided by transportation are l ikely to change, the explicit recognition of the char­
acter of transportation demand may result in improved accuracy and imderstanding of 
our forecasts. 

Even with the complication of multidimensionality, we can s t i l l draw an ordinary 
price-quantity demand curve, but i t w i l l now represent that demand behavior that would 
exist i f travel time, discomfort, inconvenience, etc. , were held constant. An i m ­
provement i n highway service would be represented by a shif t in this price-quantity 
relationship due to changes in these other items. I f the new investment improved the 
system, we would expect that more people would use the fac i l i ty at a given price or, 
alternatively, current users would be wi l l ing to pay more f o r the service. The i m ­
provement, in other words, changes the product consumed and is represented by a 
new demand curve. 

The explicit recognition of each i tem influencing demand, as opposed to converting 
them a l l into money terms and aggregatii^, offers the engineer extremely useful i n ­
formation f o r design. Knowing the relationship between each individual i tem and de­
mand, the engineer can concentrate on making those improvements having the greatest 
impact. We do not know, f o r example, in l o o k i i ^ at a movement along one of the au­
thors' demand curves whether the movement is due to a change in the price charged 
or to a change in one of his other perceived payments. 

The most important reason, however, fo r using this more conventional demand 
curve is that we are also able to construct a conventional supply curve. I f we are to 
look at the question of "benefit to whom" we must separate the behavior of the owners 
f r o m that of the consumers (even though they may be the same individuals). When we 
look only at the price-charged-quantity demand relationship we can quickly establish 
the revenue that is actually recoupable and hence can establish "willingness to pay." 
Furthermore, we can directly portray the owner's supply function and can establish 
the cost of the fac i l i ty at any t ra f f ic level and hence can measure " p r o f i t . " 

I should point out before leaving this subject that the explicit multidimensional de­
mand curve does not preclude the type of demand curve used. Quite the contrary, the 
multidimensional curve is necessary in order to construct Wohl and Martin 's curve 
properly. 

For government investments, the demand-supply relationships may be totally inade­
quate fo r the evaluation of total system benefit. While the private sector may be able 
to consider certain effects of a new investment external and hence may ignore them, 
the government sector cannot. I disagree with the authors regarding the extent that the 
private investor, part icularly with respect to roads, can ignore externalities; never­
theless, my disagreement is probably only a question of degree. 

The major di f f icul ty in incorporating secondary and external benefits is the re la­
tively high danger of double counting. Some ask the question of whether there are 
any non-user benefits that are not translated somehow into user benefits. Certainly 
this is a valid question when we talk about freight carr ied on the highway. The i m ­
provement i n road transport service may lead to economies of distribution which, un­
der certain market assumptions, w i l l ultimately translate into user benefits. On the 
other hand, should the government consider the effect of its construction of a new road 
on a parallel private fac i l i ty? While I do not pretend to be able to provide a general 



85 

answer to these questions, I do think they are sufficiently important to be seriously 
considered in an evaluation of a new investment. 

Moreover, as the authors admit, there may be benefits that are not translatable i n ­
to money terms, except perhaps impl ic i t ly after the fact . They, however, exclude 
these f r o m their analysis. In effect, they are almost saying, " i f we cannot measure i t , 
i t is sufficiently unimportant so that i t may be excluded f r o m our economic analysis." 
I do not believe they mean i t . In some cases, the items of benefit that can be trans­
lated into money terms may be only a small f ract ion of the total benefit; of course, 
we cannot know i t because by definition the excluded items are umneasurable. The 
analysis would be incomplete, however, i f at least some information were not given. 
I suggest that the analyst consider these factors and make a simple calculation. When 
he has completed the analysis of measurable economic benefit he can say that, on the 
basis of the economic study, project A is better than project B but that i f project B is 
selected, the difference in values of the non-measurable, factors between projects A 
and B would be imputed to be worth at least the difference in the calculated economic 
values between A and B. 

I would consider three areas of evaluation: (a) measurable user benefits, (b) meas­
urable non-user benefits; and (c) non-measurable benefits. Within each area fur ther 
sub-analysis may be required. For example, under user benefits we may require 
separate analyses of private auto, bus, and truck users. Within each group we may 
have both pluses and minuses; there is no logical reason why a l l gross benefit ele­
ments need be positive. In computing the benefit, we may wish, fo r example, to deduct 
certain non-user costs to reflect possible compensatory payments made by the bene­
f ic iar ies of the system. 

Several important problems arise in connection with the evaluation of investments 
overtime. The authors discuss four capital budgeting techniques: (a) the annual cost 
method, (b) the benefit-cost ratio method, (c) the rate-of-return method, and (d) the 
present value method. 

Many others are discussed in the l i terature and are used in practice, but these are 
the principal ones and since the set includes the one I feel is correct, I w i l l res t r ic t 
my discussion to these four . I agree wholeheartedly with the reasons fo r rejecting the 
annual cost method. There are other reasons but those given are certainly sufficient. 

If capital were available in sufficient quantity to finance a l l projects h a v i i ^ a benefit-
cost ratio greater than unity, then the technique may have some meri t . This, of course, 
is not the case and the complexity and confusion required f o r i ts proper use seems to 
demand i ts rejection. 

The benefit-cost ratio tells us nothing about the total level of benefit derived f r o m 
the project. I f the ratio is greater than unity, i t only tells us that benefits exceed 
costs. As a consequence, i t does not help us, i n the absence of a great deal of manip­
ulation, to rank projects f o r investment when Available funds are l imited. In fact i t 
w i l l often lead to incorrect answers. 

As a practical matter, the benefit-cost ratio suffers f r o m its dependence on def in i ­
tions of benefits and costs; there is always the possibility of one analyst considering 
an i tem as a cost, f o r example, that another would consider as a negative benefit. 
Even though the difference between benefit and cost, the net benefit, would be identical 
f o r the two analysts, the benefit-cost ratios may be vastly different. I believe this 
reason is sufficiently devastatii^ to reject the technique. In any event, the inputs to 
the calculation of the benefit-cost ratio are the same as that fo r the present value tech­
nique, but in the process of computing the ratio we lose the most important informa­
tion—the total net benefit. 

The rate-of-return method suffers f r o m one of the same deficiencies as the benefit-
cost ratio; i t provides us with no information regarding the absolute level of net bene­
f i t s . Furthermore, the ambiguity arising in i ts Interpretation, and the absence of 
solutions in certain cases makes i t extremely suspect. The method may yield no real 
solution, or several. The interpretation of these alternative solutions is not clear. A l ­
so important, of course, is the di f f icul ty in computing the rate-of-return. 

Finally, we come to the present value method. From the standpoint of mechanics, 
this method can never f a i l to yield an answer. Moreover, i n the solution of the more 
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general problem of selecting investment programs requiring complex programming 
procedures to handle the complicated real l i f e budget constraints appropriately, the 
measure of benefit derived by present value techniques results in correct ranking of 
projects. Most importantly in terms of our desire f o r a single standard f o r public 
and private investment, the measure of present value probably corresponds most 
closely with an intelligent private investor's c r i te r ia . I t answers the problem of i n ­
vesting a given amount of money in such a way as to maximize the absolute level of net 
benefit. If the net present value is positive using an appropriate interest rate, fo r 
example, we know that the project will yield a positive return even after the lenders 
are paid off . Thus we know the "ra te-of- re turn" is positive; we also know that the 
benefit-cost ratio exceeds unity. In fact, i t is d i f f icu l t to see why any other approaches 
have been seriously considered, let alone used. 

The problem of comparing projects with different lives is , I believe, a f ic t ion. For 
any capital budgeting problem the analyst must have a time horizon (the horizon may, 
in fact, be shorter than the longest l ived project); he should not attempt to evade and 
cannot avoid making at least some assumption about what happens when a short l ived 
project runs out. Explici t recognition and explicit assumptions are essential in making 
comparisons between projects; ignoring them, or leaving them in the analysis only 
impl ic i t ly , w i l l lead to incorrect decisions. In this I concur with the statement of Ezra 
Solomon. 

Before concluding, I would l ike to say a few words about appropriate interest charges. 
The authors' argument here is quite correct. The common use of government borrow­
ing rates certainly results in distortion of the value of public investment. Govern­
ment borrowing rates are low f o r many reasons. Very simply the low borrowing rates 
do not ref lect the values the lender places on a given project but, rather often reflect 
the f u l l fa i th and credit of a large government organization. 

In addition, at the state and municipal level, bond borrowing rates are even lower 
than that fo r the Federal Government due to the advantageous tax position offered on 
their interest. The appropriate rate to use is that which corresponds to private bor­
rowing f o r specific projects of comparable r i s k and duration. Because of the extremely 
long l i f e of government investments i n highways, i t may even be appropriate, par t icu­
l a r l y where explicit recognition of the uncertainty is d i f f icu l t , to use a rate somewhat 
higher than that fo r private investment where the investment lives are often shorter. 

In summary, while I disagree with elements of the authors' approach, part icularly 
with respect to the measurement of benefit, this correction coupled with the overall 
methodology is fa r superior to the prevalent engineering textbook techniques. I be­
lieve this methodology leads to conservative appraisals of project investments and i f 
followed w i l l lead to improved decisions. To conclude, Wohl and Mart in impl ic i t ly 
make i t clear that there must be more extensive communication between engineers and 
economists. More economists should leave their blue books fo r a while and spend 
some time with the engineers giving serious attention to green and red books. 

^"'See H. Martin Weingartner, Mathematical Programming and the Analysis of Capitol Budgeting 
Problems, Prentice-Hall, 1964. 
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This report is good reading: good reading f o r those who understand and those who 
do not understand the subject; fo r ei^ineers and f o r economists; fo r those who agree 
and those who disagree with the concepts, principles, and procedures presented; and 
good reading f o r those thinking they know the subject of engineering economy as applied 
to highway transportation, but who are open to having their foundation of knowledge 
shaken a bi t , I put myself into a l l classes, except that of being an economist. 

The report is too long, too complex, and too detailed f o r a discusser to touch on a l l 
points worthy of discussion. However, the subject treated by Wohl and Mar t in is de­
serving of the extensive presentation they give i t . 

General Comments 

This report is a thought provoking, real analysis of the f iner factors and procedures 
involved in an analysis of alternative transportation systems or highway projects on 
the basis of the economics involved, or, more specifically, the relative economy of 
mutually exclusive projects. 

The approach is somewhat different than has been presented in engineering papers 
over the past few years on the engineering economy analysis of proposed public works. 
Frankly, I have found i t necessary to reorient my own thinking on the subject in order 
to atune myself to the philosophy and approach set by these authors. 

To begin with, their development of the price-volume curve and the demand curve 
as applied to transportation systems is an application worth s tudyi i^ . Although I agree 
with this worthwhile approach, I am concerned with their calling the price per t r i p 
times the volume of t r ips (that is , the unit cost of transportation per t r i p times the 
number of trips) a benefit. I f ind i t confusing though I am not s ay i i ^ that i t is incor­
rect. I have customarily considered the benefit to be the reduction in costs between 
two alternatives rather than the benefit being the actual costs themselves. Perhaps 
calling the total cost "the value received" would be less confusing. 

One thing that the paper does bring out which has been often overlooked is that as 
the t r a f f i c volume increases over the future years i t is l ikely that the unit price per 
t r ip or per vehicle-mUe wUl increase. I have been aware of this and have endeavored 
to get analysts to recognize that thp slowing down of t ra f f ic as the volume picks up in 
the future years is an indication that there is a reduction in the net benefits to be 
achieved by future t r a f f i c as compared to in i t ia l t r a f f i c . The reduction of average speed 
as a result of speed changes often, but not always, results in increased running cost 
in cents per mile and increased travel t ime. The future years definitely bring increas­
ing costs of transportation per unit rather than maintaining the costs per unit of trans­
portation as prevailed the day the fac i l i ty was opened to t r a f f i c . For this reason t r a f ­
f i c surveys are needed of the speed of t ra f f ic over the entire year. 

The report is wri t ten entirely on the basis of economic justification of proposals. 
I t does not consider the second purpose of economic analysis, that is , f o r the formula­
tion of the engineering details of design. In the latter application there is often not a 
null or existing situation, but the entire analysis is between new proposals. Proposed 
formulation frequently follows after the analysis fo r economic justification, part icularly 
so after management has approved the basic proposal. Few people realize i t , but the 
Interstate Highway System now under construction is an example of this character. 
Congress in 1956 provided f o r the construction of the 41,000-mile Interstate System. 
Therefore, to compare the economy of proposed segments (or contract sections) of the 
Interstate System with the existing parallel routes is merely an academic exercise 

87 



88 

because such analysis is unnecessary. The only analysis to be made is between the 
proposed alternatives, principally of highway location, the details of curvature, the de­
tails of gradient, and the details of traffic control, which are the aspects of engineer­
ing formulation of the project. The approach and concept in this case is somewhat 
different than i t is in analyzing for the economic justification of a proposal. 

In the discussion on interest, or discount rate, i t is emphasized that the cash flows 
in the far distant future have little present worth today, and, therefore, are relatively 
unimportant. This is an agreeable statement; but on the other hand, throi^out the 
report emphasis is put upon the analysis period over the service life of the facility. 
la fact, in the example, the authors set the service life of the right-of-way as perpetual 
and the service life of all construction items as 40 years. This does not seem con­
sistent with the statement relative to the effect of l o i ^ periods of analysis. 

The report would be improved if at the outset there was some discussion of the 
purpose of the analysis. To me the purpose of analyzing the relative economy of pro­
posed highway facilities is wholly on the basis of (a) economic justification and (b) 
project formulation, both to furnish the ultimate decision-maker with some guides 
which may help him arrive at decisions. There are many factors other than the eco­
nomics involved on which the decision wil l be made. But true, the decision-maker 
ought to know the relative cost and relative benefits of the several proposals and their 
relative position. But in economic analysis he needs to know, also, what is the prob­
able overall payoff to be obtained from the proposed facilities. 

The analyst or the engineer of design does not make the decision to build or not to 
buUd. He merely makes an analysis and furnishes the ultimate decision-maker or 
management with his results, facts, and discussions to serve as a guide or tool in the 
hands of the person or group, empowered with authority to make the final decision. 

The Price-Volume Curve 
Not beii^ an economist, I wi l l comment but lightly upon the discussions pertaining 

to Figures 1.1, 1.3(a), 1.3(b), 1.4, and similar ones. The concept of the price-
volume curves and demand curves for highway travel is a good one, but unfortunately 
it may remain within economic theory for some years, rather than find its way into 
practice. This statement is particularly appropriate when it is realized that the price 
as defined by Wohl and Martin includes all factors of value—tai^ible, intangible, rea­
lized, unrealized, and perceived. The pricing from which to compute the cost per trip 
on the new facility and any increase or decrease in cost is uncertain. The traffic 
volume—immediate as well as over future years—is a mixture of vehicles which come 
from the foUowii^ sources, each source having its own old price base: (a) the existing 
old facility replaced or remodeled, (b) nearly parallel or alternate routes, (c) other 
modes of transportation such as rai l or air, ( ( d induced or generated trips not existing 
in any form before the new facility was constructed, and (e) normal growth from in­
creased population and increased use of motor vehicles. The real net change in travel 
cost to the users of the new facility is, therefore, most difficult to compute because of 
these different components of the total traffic stream. But the authors are not con­
cerned with the chaise in price as such; only the price (or value) which the users of the 
new facility pay or are willing to pay for all satisfactions they receive. This makes 
for most difficult pricing. 

The demand curve and price-volume curves are good concepts, especially for busi­
ness, where the supplier need not be concerned with anyone's price or sales volume 
other than his own. In highways, though, the application and realities of prices, and 
demands are far more complex. 

The demand curve concept and the price-volume relationship are sound economics, 
especially when applied to commercial sales. When applied to transportation, such as 
h^hways, some of the soundness becomes less sound. There is no known way yet de­
vised to establish the "sales price" which the road user would pay, nor the volume of 
trips to be taken at any specific unit price. Further, the purpose of public highways 
is not to create travel ("increase sales"), but to provide the hi^way service the public 
wants consistent with the highest economy in the use of the highway fimds. 
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Comparison of Methods of Analysis 
The authors compare four methods of analysis in Chapter 2, but, in my judgment, 

somewhat unfairly. I say unfairly, because each method does have merits. A reader, 
not informed on the subject, may be led to conclude that only the net present value 
method should be used at any time. Industry makes widespread use of the equivalent 
uniform annual cost and rate-of-return methods. Al l four methods are correct unto 
themselves and when used properly each wil l lead to identification of the better alterna­
tive. I use all four methods, my choice being made on the basis of the particular set 
of proposals being examined. 

The authors have restricted their concept to solely that of determining which of two 
or more mutually exclusive alternatives gives the promise of the greater economy. In 
other words, their discussion is v^oUy toward economic justification to the exclusion 
of project formulation, or project design. 

Both applications of the procedures of economic analysis are highly important. One 
method of analysis may be more adaptable to one objective than another. For instance, 
the selection of alternatives from materials of construction—flexible vs rigid pave­
ment—or certain other factors of highway design which do not affect motor vehicle 
running cost cannot be analyzed by the benefit-cost ratio or rate-of-return methods. 
But the present worth of cash flows can be used. 

1 agree that the equivalent uniform cost method or its equal, the method of present 
worth of the cash flows, should not be used on mutually exclusive projects wherein 
the services to be gained are not substantially equal for all alternatives. Therefore, 
the equivalent uniform annual cost method is not applicable to the selection from a 
group of mutually exclusive alternatives havii^ materially different future traffic vol­
umes. 

I agree also that the rate-of-return method wUl result in two different solutions 
under certain conditions of delayed cash flows as between outlays and incomes. Such 
cases, though, are rare, even in private industry, so, for day-by-day application 
this hazard is seldom encountered. It is unfair to discard the method because of this 
weakness. 

Often, the rate-of-return solution has a real meaning to the decision-maker. Its 
answer is in a term (return on investment) that has real meaning to most decision­
makers. I can picture an executive decision-maker upon being shown that the net 
present value of Proposal A is $170,200 and that of Proposal B is $186,800 asking 
this question, "Well, what rate-of-return is that net present value equal to?" And 
then his second question, "What rate-of-return wil l we earn on the additional capital 
cost of Proposal B over Proposal A?"^" 

The Case of Unequal Analysis Periods 
It is noted that the examples, Proposals A, B, and C have service lives of 10, 30, 

and 10 years, respectively. Unless the same period of analysis is used for all alter­
natives, either actually or implied, the analysis may lead to the wrong choice. For 
instance, assume the mutually exclusive alternates in Tsble D. 1, A, B, and C being 
those of the authors. 

Alternative B is selected over A and C primarily because its annual return continues 
for 30 years at the 6. 5 percent rate, while the returns from A and C are for only 10 
years at a 7 percent rate. For the remaining 20 years the authors' solution assumed 
only a 6 percent return on the reinvestment of the returns from A and C. The authors' 
solution is correct as made. However, the decision-maker may be misled unless he 
fully accoimts for the 30 3rears for B and the 10 years for A and C. If A, B, and C are 
in reality mutually exclusive proposals, management must take some position now to­
ward plans at the end of 10 years if either A or C is chosen. Management must con-

^°°This same basic idea is expressed on p. 49 of The Capital Budgeting Decision by Harold Bierman, 
Jr., and Seymour Smidt, Macmillan Company, New York, 1966, 
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TABLE D . l 
SAMPLE CALCULATIONS TO SaOW THE EFFECT ON THE NET PRESENT 

VALUE OF DIFFERENT ANALYSIS PERIODS AND OF THE REINVESTMENT RATE 

Alternative 
No. 

Investment 
at Time 

N= 0 
($) 

Annual 
Returns 

($) 

Analysis 
Period 
(years) 

Calculated 
Rate-of-
Return 

(i) 

Net Present 
Value at 
6̂  for 

One Cycle 

Net Present 
Value at 

6̂  for 
30 Years* 

A 400,000 56,951 10 7.0 19,164 35,841 
B 1,000,000 76, 577 30 6.5 54,069 54,069 
C 1,000,000 142,377 10 7.0 47,907 89,593 
D 1,000,000 1,070,000 1 7.0 9,434 137,648 
E 1,000,000 553,092 2 7.0 14,035 105,380 
F 1,000,000 243,891 5 7.0 27,358 89,371 
C 1,000,000 142,377 10 7.0 47,907 89, 595 
G 1,000,000 109,795 15 7.0 66,356 94,045 
H 1,000,000 80, 586 30 7.0 109,253 109,253 

*On fhe assumpMon that the first cycle, exactly repeats itself to the end of 30 yean. 

sider whether the probability of reinvesting the return from A or C at a rate in excess 
of the 6 percent cost of capital is greater than the probability that B wil l continue to 
return at the rate of 6. 5 percent for the 30 years. 

The economic analysis presented to the decision-maker must present all alternatives 
on an equal basis with ful l acknowledgment of the facts, forecasts, and assumptions 
involved. 

The last column in Table D. 1 gives net present values of A to H proposals based on 
repeating cycles of all proposals of less than the 30-year analysis period for the fu l l 
30-year period. On this basis, C is the best choice over A and B. Proposal D based 
on a one-year cycle is preferred to all other alternatives up to and including 30 years. 

It seems as logical to assume (or to forecast) that the return on alternative A 
($400,000 investment, and 7.0 percent return) could be repeated for the second and 
third cycles as i t does to forecast that the 6. 5 percent return on alternate B would 
continue for the fu l l 30 years. At leasts the chances should be equal that the reinvest­
ment of the return from alternative A over a 30-year period would be as attractive as 
the reinvestment of the return from alternative B over the same 30 years, plus the 
uncertainty of the return of B continually for 30 years at $76, 577 each year. 

The above discussion is to point out that the number of years used in the analysis 
is critical, especially for the net present value method. Comparable analysis periods 
are essential, if reliable results are to be obtained. 

The following two quotations are pertinent to the use of unequal analysis periods: 

Direct comparison of two projects is impossible when they cover different 
time-periods. One or both must be renewed until both cover a common mul­
tiple of the original time-spans. But for this purpose, i t is necessary to know 
whether or not renewals can be made on the some terms. In the absence of 
this information, some assumption about renewal must be made. To compare 
A and B on the basis of discounted present worth is to assume that these "Dis­
equilibrium" opportunities can last no longer than the stated time-periods. 
At the close of the 5-year or 10-year period, competition (or some other un­
specified factor) w i l l have removed the opportunity for renewal at a better-
than-market rate. On the other hand, to compare A and B on the basis of 
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their respective internal rates of return is to assume an opportunity for re­
newal on the same terms as before.'-"^ 

. . .When mutually exclusive proposals are being compared, i t is n'ecessary 
to compute the rate on each alternative course of action up to the terminal 
date of the longer-lived alternative. This requires an explicit estimate of 
the yield to be derived from the cosh flows generated by each of the alter­
natives being considered.^^° 

It is significant that in the examples A, B, and C, the authors include in their "an­
nual project earnii^s at end of each year" return of capital and return on capital. Ex­
penses for operations and of sales are excluded, therefore, their net present value is 
the present worth of the annual project earnings less the present worth of the capital 
ouday. In other words the net present value is exactly the present value of the net 
operating profit, or of sales less all expenses including depreciation. This concept is 
important in understanding both the method and its application in the case study given 
in Chapter 3. 

The Authors' Example 
The authors' practical example (Chapter 3) does much to clarify some of the factors 

and procedures Involved in the four methods of analysis. The authors correctly fore­
cast all three alternatives, including the null option, to the same future date. Cor­
recting the road user costs for the effects of speed and hourly volume changes is a 
good practice, most generally overlooked by others. 

In an example of this kind, assumptions are necessary and need not detract from 
the effectiveness of the example solution. In this example, however, the assumptions 
of the user price-volume Eqs. 3. 5, 3.6, and 3.7, point out the fundamental difficulty 
of practical application of the authors' method. We just do not yet know how to deter­
mine a price-demand curve for a specific highway improvement proposal. We can 
compute the motor vehicle running costs and travel time for specific situations, but we 
do not know how to price the total value the user may place on a specific route or 
facility. 

The Authors' Results 
The authors' procedure produces a startling solution, at least start l i i^ to me, for 

I am used to thinkii^ in terms of the decrease (or increase) in motor vehicle running 
cost, accident costs, and the travel time factor. The fol lowii^ results are taken from 
the authors' table. Appendix 3.10, for only the low cost system and the 4 percent 

^°3Romney Robinson, The Rate of Interest, Fisher's Rate of Return Over Costs and Keynes' Internal 
Rate of Return: Comment, p. 72. See: Ezra Solomon, The Management of Corporate Capital, The 
Free Press of Glencoe, Crowell-Coliier Publishing Co., New York, 1961. 

^'•°Ezra Solomon, The Arithmetic of Capital-Budgeting Decisions, p. 74-79. 
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discount rate, since the high cost system and 6 and 8 percent rates follow the same 
pattern: 

I . Net Present Value 
Discounted value: 

Alternatives 

Highway construction costs — 600 876 
Net h^hway roadway costs (ROW) — — 312 
H^hway maintenance costs 884 624 1, 256 
User travel costs 76, 660 54.778 80,374 
Total costs $77, 544 $56,002 $82,818 
Discounted total benefits 79, 570 59,080 86,223 

Net present value $ 2, 026 $ 3,078 $ 3,405 

FROM Appendix 3.9: 
Discounted road user taxes 
Subtracting the highway costs 

as given above 
Net road user taxes 

2,910 

884 

4,302 

1.224 

5,849 

2.444 
$ 2,026 $ 3,078 $ 3,405 

In other words, the net present value is simply the road user taxes less the highway 
costs, each properly discounted over the 40-year period. The authors set their data 
to produce this result, but they do not so state. 

Again, this net of road user taxes above the highway costs is, in effect, placing 
the highways on a "sales income" concept. Such concept would work against highway 
improvements to reduce motor fuel consumption on the basis that the more fuel con­
sumed, the higher the tax (sales) income. 

There is economy to the road user in some highway improvements which reduce 
motor vehicle running and accident costs and provide an acceptable rate-of-return on 
the investment, but which improvement project would not pay for itself through road 
user tax earnings. 

The authors' analyses by the equivalent uniform annual cost method is correct. As 
stated, this method should be used for comparisons of alternatives only where the serv­
ice (ADT) are substantially the same. 

The computation of the benefit-cost ratios result in ratios that are questionably low. 
The ratios of 1.04 and 1.05 for and Y2 (low cost system) are not in agreement with 
the order of magnitude of the calculated rates-of-return of 25 and 15 percent, respec­
tively. The authors' ratios are merely the ratios of total discounted benefits (including 
road user tax costs) to these same costs plus the highway costs. 

My concept of the benefit-cost ratio method is that i t is the ratio of net gain to the net 
costs required to produce that gain. In the authors' method the motor vehicle running 
costs are in both the numerator and denominator, and these road user costs being 
large, overshadow any net reduction in road user costs or even the net highway cost. 
Further, the benefit-cost ratio usually compares pairs, that is, the benefits and costs 
are measured as changes from one alternative as the base to a second alternative. 

If the benefit-cost ratio method as now understood is to be compared with the authors' 
proposed method of computing the ratio or with the present value method, a more ef­
fective comparison would be had if one solution were made by the commonly accepted 
procedure. 

In the normal application of the benefit-cost ratio method, many (but not all) analysts 
place the highway maintenance costs in the numerator. Generally, this process wil l 
reduce the calculated f ^ r e for the net road user benefits. But in so doing, I doubt 
that these maintenance costs can be viewed as benefits as was indicated. Maintenance 
costs are simply annual costs that are necessary to produce the road user net benefits, 
the same as are the motor vehicle running costs. Therefore, these costs are appro­
priately used in the numerator to find the net annual benefits. 
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The authors' calculated rates-of-return for each separate alternative is made pos­
sible by considering the road user tax as equivalent sales income generated. In the 
usual solution of the rate-of-return (and benefit-cost ratio method) pairs of alternatives 
are considered and the rate-of-return is based upon the decrease in road user costs 
made possible by improving the highway above the level of that of the base (or null) 
alternative. 
Concluding Remarks 

The reader needs to be aware that the example solution given arrives at its numeri­
cal results principally because of the way the authors priced highway service. Another 
analyst could use the price-volume concept and the net present worth method and ar­
rive at different results. Their final answers are based upon the road user tax pay­
ments and not upon overall reductions in road user travel costs. 

My general nonacceptance of the authors' basic concept and, particularly, of its 
application in terms of road user taxes may be based on personal prejudice or blind­
ness. I hope I am willing to change and to advance. Before changing to their concepts 
and procedures, however, I need to have more assurance of the soundness of their 
concept, of the practicability of application, and of the correctness of their procedures. 
I accept and do use the net present value method, as such, but question its application 
in the authors' examples. I am hopeful that we can develop a sound application of the 
price-volume concept to analysis of transportation public works. 



Closure 

Martin Wohl and Brian V. Martin 
Judging from the discussions by Professors Soberman and Winfrey, we failed to 

make a number of important matters clear. In these closing remarks we wil l f i rs t 
endeavor to clarify some of the more crucial and general issues, and then attempt to 
answer some of the specific remarks of discussants. 

First, as noted in the text the highway ei^ineer or engineering economist often if 
not usually defines "benefit" to be the difference between the user travel costs before 
improvement and those after improvement; as noted in Table 1.2, this definition of 
highway benefit corresponds to our term "change in total perceived user net benefit," 
and is equal to the change in user consumer surplus that would occur with an improve­
ment. Such a limited definition of highway benefit would only permit analysis of in­
crements of investment over the lowest cost alternative considered and would not per­
mit one to analyze the overall feasibility of projects. It must be emphasized that exist­
ing facilities can always be abandoned (particularly if economic losses are high) and 
that where only new facilities are being examined the lowest cost alternative is not 
necessarily better than doing nothing. This is the primary reason why we adopted the 
economist's concepts of cost and benefit in preference to those of the engineer; as a 
consequence, using the definitions we have outlined, one can analyze both the overall 
and incremental benefits and costs of projects. Thus, both questions of importance-
Why do i t at all? and Why do i t this way?—can be answered. Also, let us point out 
that the highway engineer uses benefit more in the sense of profit (that is, gains minus-
losses) whUe the economist defines and uses benefit in the sense of total gain or value 
received from goods or services (and not net of costs). 

Second, i t is important to note that the procedures and definitions ouUined in our 
report can be applied both to those instances where consumer surplus is excluded (as 
we have recommended) and to those where i t is included. In these two cases, the ap­
propriate measures of total and incremental benefit would be as given in Table C. 1; in 
examining these measures i t is important to remind the reader that they represent the 
benefits or increment in benefit before deduction of user travel costs ( i . e., they are 
not net benefits in the sense often used by highway engineers). 

Third, the various project analysis methods provide different measures of indicat­
ing the profitability of alternative projects or designs. Our problem is simply to de­
termine which is the most appropriate method to be used for determining the net profit 
or net benefit of projects, all things considered. Briefly, our problem is to determine 
which project wi l l maximize profit or the difference between discounted benefits and 
costs; or, alternatively, which project wi l l accumulate maximum profits at the end of 
n years. 

Neither businessmen nor governments (which merely act as agents for society) are 
interested in the profit per dollar of ouUay or any other fictitious ratio; rather, both 
are interested in gross accumulated profit (viewed either in terms of its present worth 
or as accumulated by the nth year). 

Sections 2.6 and 2.7 illustrate many of the difficulties of most methods and empha­
size the errors which can result if certain specific assumptions are not made and ac­
counted for. Particularly, the analyst is cautioned with respect to his use of the inter­
nal rate-of-return method; considering the common failure of the analyst to properly 
account for reinvestment earning situations and to compare the benefit and cost streams 
for equal time periods, our recommendation (and that of most economists, including 
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TABLE C.l 
COMPARATIVE MEASURES OF TOTAL PROJECT BENEFIT 

AND INCREMENTS OF TOTAL BENEFIT 

Measures of Total or Incremental Benefit when: 
Total Project 
Benefit for: Consumer Surplus is Consumer Surplus is 

Included Excluded 

Project A (p^) (V^) + A ACD (p^) (V^) 

Project B (Pg) (Vg) + A BCE (Pg) (Vg) 

Increment or 
chaise in total 
benefit, comparing % (V - V . ) (p + p . ) (p ) (V ) - (p^) (V^) 
Project B to 
Project A 

Mr. Kraft, a discussant) is to reject the rate-of-return method in favor of the net 
present value method (one which avoids these difficulties almost entirely and which is 
computationally much simpler). 

To further highlight the difficulties which can and usually wi l l result from using the 
rate-of-return method (because the analyst is not specific about reinvestment opportu­
nities), another example is included. (This example was brought to our attention 
more recently by Professor Julius Margolis of Stanford University and even later 
found to be covered in the Bierman and Smidt text. The Capital Budgeting Decision.) 
Assiune that two alternative projects or designs being considered both wil l require 
initial outlays of $100 (at vear 0) and wil l each last two years (before renewal, re­
placement or abandonment); for convenience, assume that we have no information or 
analysis which permits knowledge of the circumstances following the end of the second 
year hence. The annual earnii^s during the f i rs t and second years of the two projects 
(which for convenience we wil l assume accrues at the end of the year in question) wi l l 
be as given in Table C. 2. Also, the discounted rate-of-return and net present value 
figures for the two projects are included. 

For these calculations, the cost of capital ( i . e., opportunity cost of capital) was 
assumed to be 5 percent over the 2-year period. Thus, other investment or reinvest­
ment opportunities in the present and over the 2-year period under analysis are as­
sumed to provide earnings of 5 percent per annum. 

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

If the cost of capital is 5 percent, and if no other statements or assumptions are 
made with respect to the reinvestment rate for future earnings, alternative X is clearly 
superior. To understand this, let us determine the amount of capital we would have 
on hand at the end of the second year. At year 0, assume that we have $ 100 in the 
bank (or reserve fund) which we withdraw in order to invest in alternative X or Y, 
given that our cost of capital is 5 percent ( i . e., given that other types of investments 
which are available to us wi l l pay an interest of 5 percent—no more, no less). Also, 
given no other information, we can only assume that in future years other investments 
wi l l provide earnings of only 5 percent. 

^'-'^This example has been incorporated in Section 2.7. 
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TABLE C.2 
PROJECT ANALYSIS CALCULATIONS FOR 

PROJECTS X AND Y 

Item X Y 

Initial capital outlay (at year 0) -$100. 00 -$100. 00 
Annual earnings or benefits 

accruing at end of year 1 20. 00 100. 00 
. . . at end of year 2 120. 00 31. 25 

Discounted internal rate-of-return 205̂  25$« 
for 2-yr period 

Net present values for 2-yr period $27. 89 $23. 58 
Cost of capital 5$S 

In this instance, for X, we wil l 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 percent, thus providing a total of $21 by the end of year 2 plus the $120 annual earn­
ings for the second year). For Y, we wil l 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 at 5 percent, thus 
providing $105 by the end of year 2 plus the $31. 25 annual earnings for year 2). Con­
sequently, if we had adopted the rate-of-return criterion as our decision-making rule, 
and invested in project Y, we would 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 would imply that the reinvestment earnings rate (for 
the f i rs t year earnings) was higher than 5 percent (e. g., in this instance, the reinvest­
ment would have had to be almost 11 percent for alternative Y to be more preferable). 
But in the absence of information other than the cost of capital, 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 f ^ r e s must be changed accordingly. 

As noted in the text, 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 reinvestment rate for project X would be 20 percent and that for project Y 
would be 25 percent. (It would appear illogical to anticipate different reinvestment 
earnii^ rates for mutually exclusive projects; thus on these grounds alone, the rate-of-
return criterion has shortcomings.) Given these reinvestment rates, the total accum­
ulated earnings at the end of year 2 would be $144 for project X and $156. 25 for project 
Y, Discoimting these total earnings figures at the cost of capital (or 5 percent), and 
subtracting out 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 select project 
Y as best. 

However, i t would seem more appropriate to re-calculate the rate-of-return while 
assuming that the reinvestment rate for both projects was equal and that i t was 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 percent. 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 percent; they were $141.00 for project X and $136. 25 for 
project Y. For this case, the corrected rate-of-return would be 18. 74 percent for 
project X and 16.73 percent for project Y; the net present value figures would be as 
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shown in Table 2.9 or Table C. 2. 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 best. 

Again, and in conclusion, since the engineer seldom makes the necessary additional 
calculations to insure that similar reinvestment rates are used, i t would seem apparent 
that the simplest and most reliable manner 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; rein­
vestment is handled in an explicit and simple fashion; and trial and error calculations 
are avoided. More Importantly, an improper and ambiguous answer cannot occur. 

Reply to Richard Soberman 
Soberman properly notes that we failed to provide sufficient insight regarding the 

necessity for defining a totally new structure (or at least what seems to be so) for the 
economic analysis of alternative projects. As noted in the preceding general com­
mentary, the overriding purpose was to permit a more complete analysis than is now 
possible with traditional engineering techniques and to enable the engineer to analyze 
the feasibility of overall projects as well as increments of investment. Further, i t is 
to develop a procedure more in keeping with the economist's literature and thus to per­
mit engineers to take better advantage of the economist's findings and capabilities. 

Professor Soberman, like Professor Winfrey, remains somewhat skeptical of the 
wisdom of rejecting the rate-of-return method in place of the net present value tech­
nique. Hopefully, the additional example and the more substantial comments to be in­
cluded in our reply to Professor Winfrey wil l do much to clarify this important issue. 
Perhaps i t is useful to note that Gerald Kraft (the economist among our three discus­
sants) concurred with our findings and recommendations on this matter, saying in part 
"In fact, i t is difficult to see why any other approaches [than the net present value 
method] have been seriously considered, let alone used." 

Reply to Gerald Kraft 
First, Mr. Kraft's discussion provides a useful supplement to our paper and enu­

merates a number of the more crucial aspects of economic efficiency and economic 
analysis. However, one should note that the bulk of his remarks deals with topics 
which are outside of the general area covered by us. For example, we did not cover 
matters of program budgeting, of economic efficiency, of pricing, of income transfers 
and of demand forecasting, but we restricted discussion more narrowly (and purpose­
fully) to economic analysis of mutually exclusive alternatives (given the ability to fore­
cast demand, the existing pricing policies, etc.). That the broader economic and 
social issues raised by Kraft are important is undeniable; but we do not feel they could 
also be discussed suitably in a report of this length. 

Second, Mr. Kraft's discussion of benefit measurement^^^ and of the pros and cons 
of excluding or including consumer surplus (in the benefit totals) is important, though 
inconclusive. And while we share many of his doubts and worries on this matter, more 

Kraft comments extensively on the "unconventional way" in which our demand curves are pre­
sented (and from which benefits are derived) and notes the advantages of following the more "custo­
mary" demand and supply curve constructs. First, our constructs do not appear to be so unconvential 
as Kraft would insist; they compare, for example, with those adopted by Mohring, Kuhn, Beckmann, 
Vickrey and Zettel in some of their applications to highway transportation situations. Second, while 
we fu l ly appreciate the views of Kraft on the detailed development of multi-dimensioned demand rela­
tionships, we feel the subject is much too complex for adequate discussion herein. In short, we were 
wil l ing to accept the commonly accepted highway transportation demand constructs (at present) and to 
develop the appropriate economic analysis methodology, given that structure. 
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than anything else our conservative position (and recommendation regarding the exclu­
sion of consumer surplus) is reflected in his telling statement, which read as follows: 

"Most importantly, however, the use of consumers' surplus for the meas­
urement of the benefit of government investment leads to a double standard. 
Benefit measured... [to include] consumers' surplus for the public sector 
makes public and private investment incomparable." 

In closing, let us say that these somewhat oblique remarks in no way are intended 
to diminish the well-founded and relevant comments offered by Gerald Kraft; in fact, 
we feel they are too important to be ignored, but nevertheless should be regarded as 
valuable extensions to our introductory subject matter (and as ones which are "more 
suitable for debate in other forums"). 

Reply to Robley Winfrey 
We are grateful for Professor Winfrey's painstaking evaluation, though we do not 

concur with all of his comments. Of some considerable importance, Winfrey has in a 
few pages touched on the most prominent and key features of economic analysis and 
has focused the discussion on the central issues. The reader would do well to study 
carefully his remarks (and hopefully this closure), and then to reexamine our textural 
material and its references. 

Reply to General Comments. Winfrey f i rs t raises the fundamental issue of defining 
(user) benefit and of specifying the relationship between user benefit and user "price." 
Quite properly, he notes that we have re-defined the term "benefit" as i t customarily 
is used by engineers and particularly highway ei^ineering economists. By and large 
we have adopted the terminology of the economist. 

The actual price (in time, effort and expense) which users do pay when they travel 
results from the interaction of supply and demand conditions and is roughly equal for 
all users during the same demand period; this price would be p;^ in F ^ r e C. 1 for 
System A. While this price is a measure of the actual user cost (since the demand 
and supply curves intersect at that poinlj, i t also is a measure of the perceived user 
travel benefit (or user travel value) accruing to the tripmaker at the margin, that is, to 
the last tripmaker. To put the matter another way, travelers are getting value or 
benefit from their tripmaking which is at least as high as the trip price (in time, effort 
and expense); however, in virtually all cases everyone but the tripmaker at the margin 

Perceived Price 
of Travel i 
per Trip 

System A : Existing System Before Improvement 
System B • Existing System After Improvement 

Price-Volume Curve 

System B 

PUBLIC 

emand Curve 

System A 

FACILITY 
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Trips 

Figure C . l . Interaction of price-volume curves and demand curve. 
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wil l be willing to pay more (in time, effort or expense) than the price at the margin 
( i . e., more than p^ in Figure C. 1) and thus receives more value or benefit from mak­
ing the trip than p^. Thus, common to the economics literature and practice, user 
travel benefit is defined as being equal to the amount which users would be willing to 
pay (whether or not they actually do pay it); thus the gross benefit is equal to the entire 
area under the demand curve and to the left of the equilibrium point or actual price (at 
the margin); for System A, the total user benefit would be equal to area AFOC, and for 
System B the gross user benefit would be equal to area BGOC. 

Importantly, the unit user travel benefit and unit user travel cost (that is, cost in 
time, effort and expense—and assuming homogeneity) wil l be equal only at the margin, 
that is, at the equilibrium point. The additional travel benefit which users receive 
over and above what they do pay is what we call net benefit and is equal to the triangle 
ADC (for the entire group of travelers and System A). In economic terms, the area 
ADC is called "consumers' surplus." 

Whether or not the gross or total benefit including consumer surplus, or area ADC, 
should be included in the benefits category for economic analysis or justification studies 
is of course a matter of considerable debate and a matter of judgment; we have for the 
reasons explained in the text concluded that i t is improper to include consumer surplus 
in the allowable benefit totals for carrying out the economic analysis. By contrast, 
most highway engineers do include consumer surplus in their benefit calculations, 
though unknowingly. Since we have excluded consumer surplus from the allowable bene­
f i t totals i t should be evident that the total user travel cost wUl equal the total allowable 
user travel benefit (other than for the deletion of tolls or user tax payments). 

Winfrey also conunents: "The report is written entirely on the basis of economic 
justification of proposals. It does not consider the second purpose of economic analy­
sis, that is, for the formulation of the engineering details of design. In the latter ap­
plication there is often not a null or existing situation, but the entire analysis is be­
tween new proposals." 

To begin, we believe that the outiined methods of analysis wi l l properly handle the 
design situations noted by Winfrey, again from the standpoint of economic analysis. 
Li the f i r s t place, there is always a null or existing situation, whether i t is a poor 
road or trai l or whether i t is no road; as noted before, we feel that the engineer should 
not adopt the attitude that we do not have to examine the overall economic feasibility of 
a project but need consider only the increments of expenditure over the lowest cost 
new alternative. In the second place, if we find ourselves dealing with design details 
or alternatives which do not change the benefit side of the ledger, the methods of analy­
sis we outlined are just as applicable. In short, for this latter case, we would need 
to examine only the changes in user and facility cost as we consider one design feature 
or another, (in other words, the net present value from design to design would change 
only to the extent that user or facility costs were changed.) Section 3.6 deals specifi­
cally with these kinds of situations. On the other hand, if changes in design affect 
perceived user costs, then these changes imply a shift in the supply (or user price-
volume) curve and thus a shift in actual demand or volume usage of the facility; ob­
viously, then, a change in user travel benefits can result and thus a full-scale analysis 
is required. 

Also, Winfrey emphasizes that our "report is written entirely on the basis of eco­
nomic justification of proposals" and that our procedures wi l l sometimes involve the 
"academic exercise" of examining overall economic feasibility when policymakers or 
decision-makers have already decided that doing something is better than doing nothing. 
On the one hand, we must agree with Winfrey that it probably is "academic" to carry 
out the entire economic analysis in such instances since there is littte likelihood of 
changing the policy decision, regardless of the fact that some proposal may be uneco­
nomic. On the other hand, i t is our feeling that the complete economic analysis should 
be conducted by the analysts and that the policymaker should be informed by the cir­
cumstances, either before or after the fact and regardless of whether the policy wi l l 
or wUl not be chained. In fact, we know of no other way of improving the overall 
decision-making process and of guaranteeing that broad public decisions have properly 
accounted for the fu l l economic consequences attendent with the policy. 
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Reply to the Price-Volume Curve. Winfrey notes that, "The concept of the price-
volume curves and demand curves for highway travel is a good one, but unfortunately 
it may remain within economic theory for some years, rather than find its way into 
practice." Certainly, we must agree with Winfrey that the ful l practical development 
of these concepts lies many years ahead. However, we feel that i t is f i rs t necessary 
to sketch out an appropriate framework and its usefulness, if we are to improve our 
analysis techniques. Moreover, we would insist that the travel demand models which 
were developed (principally by Gerald Kraft) for the Boston-Washington intercity 
passenger travel market are forerunners of more comprehensive and verifiable ones 
applicable to the highway problem with which we are concerned. Again, the f i rs t step 
is to recognize what is required. 

Similarly, we would prefer to clarify Winfrey's following statement: "The demand 
curve concept and the price-volume relationship are sound economics, especially when 
applied to commercial sales. When applied to transportation, such as highways, some 
of the soundness becomes less sound. There is no known way yet devised to establish 
the 'sales price' which the road user would pay, nor the volume of trips to be taken 
at any specific unit price." First, i t should be emphasized that there are known tech­
niques to determine this information, though they are not highly developed. (Their 
improvement is simply a matter of time and sufficient research funds.) Second, the 
present-day non-availabUity of sufficiently reliable techniques for determining demand 
relationships in no way diminishes the soundness of the approach; rather i t emphasizes 
the necessity for continued research in the direction we have suggested. Third, whether 
the highway engineer realizes i t or not, every time he places a number on "user cost" 
(or on user cost reductions) then he has just guessed at or estimated what the sales 
price (or change in sales price) and resultant demand wil l be. Thus, in essence, we 
are simply suggesting that the engineer should be more aware of the actual interactions 
and demand relationships and should estimate the resultii^ conditions and prices (or, 
say, user costs) explicitly and directly rather than in some vague and implicit fashion. 

We are not suggesting a change in what we are now doing, but merely a change in 
how we are doing i t . 

Reply to Comparison of Methods of Analysis. At the outset, Winfrey says that, 
"The authors compare four methods of analysis.. .but, m my judgment, somewhat un­
fairly. I say unfairly, because each method does have merits." Winfrey is correct 
in noting that "all four methods... when used properly wi l l lead to identification of the 
better alternative," but he fails to point out that highway engineers or analysts seldom 
do properly use these methods; that is, seldom do they make the analyses for a com­
mon set of assumptions regarding analysis period or reinvestment rates. Thus, while 
we wholeheartedly agree with Winfrey on the techniques per se, we must re-emphasize 
that as a practical matter the net present value method is superior to the other eco­
nomic analysis methods. In fact, in our ju^ment, i t would be unfair to encourage 
engineers to use other techniques which if used in the traditional manner could give in­
correct answers and which require more difficult and time consuming calculations. 

Further, Winfrey says that, " I agree also that the rate-of-return method wil l result 
in two different solutions under certain conditions of delayed cash flows as between 
outlays and incomes. Such cases, though, are rare, even in private industry, so, for 
day-to-day application this hazard is seldom encountered. It is unfair to discard the 
method because of this weakness." First, let us point out that different solutions can 
result not only in cash flow situations, but in money or non-money, in tangible or in­
tangible cost and benefit situations as well. Second, the fact that this "different solu­
tion" situation can occur (together with the computational difficulties involved in using 
the rate-of-return method properly) has been sufficient justification for virtually all 
professional economists and therefore for us as engineers to reject the rate-of-return 
method. Finally, we hardly comprehend what is so "unfair" about rejecting a method 
of analysis that not only can but on certain occasions does produce incorrect economic 
decisions. 

Clearly, we would agree with Winfrey that " . . . the rate-of-return solution has a 
real meaning to the decision-maker," as noted in Section 3.6. However, we would go 
on to point out that i t probably would not have so much meaning if the decision-maker 
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knew i t can and probably does (on occasion) give him incorrect economic decisions. 
(Also, the reader should not infer that Bierman and Smidt tend to prefer the rate-of-
return method to the net present value method. Specifically, in their book they repeat 
over and over their preference for the net present value method. In the preface of 
their second edition they say, "The f i r s t edition of The Capital Budgeting Decision was 
written between 1957 and 1959 and was published in 1960. At that time we were con­
vinced that the [net] present-value method was superior to other methods of making in ­
vestment decisions, and we stil l believe this. " ' " Later they add, "The Crate-of-return] 
method can also be used to make correct investment choices, provided the cost of money 
is the same in all future time periods. If properly used, the [rate-of-return] method 
wil l in fact lead to the same choices as the [net] present-value method. But the rules 
that must be followed if the [rate-of-return! method is to be used properly are quite 
complex For most of us, the [net] present-value method is simpler, safer, easier, 
and more direct. The remainder of this book wil l proceed in terms of this approach."^") 

Reply to the Case of Unequal Analysis Periods. First, we are in complete agree­
ment with Professor Winfrey on the point of equal analysis periods and with his state­
ment that, "Unless the same period of analysis is used for all alternatives, either 
actually or implied, the analysis may lead to the wrong choice." However, i t must 
be emphasized that this does not mean that the service lives (or years until replace­
ment) must be equal or that projects must be renewed or repeated until the end of the 
analysis period. (For example, if the analysis period is 30 years, then a 10-year 
service life project does not have to be renewed or replaced every 10 years.) Rather, 
it merely means that cost and earnings situation over the entire 30-year period must 
be fully accounted for, and in those situations when projects terminate prior to the end 
of the analysis period some account must be taken of the earnings situation after the 
initial project has terminated—whether i t is renewed or not. It is also of vital im­
portance to account for the reinvestment of earnings accrued during the project lives, 
as well. 

The major thrust of our examples was to emphasize that typically most engineers 
and analysts do not properly take account of these reinvestment problems, but tend to 
use the data as provided in Tables 2. 7 and 2. 8 to make decisions among mutually ex­
clusive alternatives. 

The examples based on the data in Tables 2. 7 and 2. 8 (or projects A, B and C) 
dealt with the situation in which the projects were not renewed or replaced after one 
cycle. (Obviously, this is to assume that the projects if renewed or replaced would 
not produce cost and earning circumstances that are more favorable than outside op­
portunities which produce earnings of 6 percent. To put the matter another way, this 
is to suggest that the replacement cost and future earnings beyond the f i r s t cycle wi l l 
change and wil l not be so favorable as in the f i rs t cycle, a not unlikely situation.) 
For this case, the net present values given in Tables 2. 7 and 2.8 and in the "net pres­
ent value at 6?S for one cycle" column of Winfrey's Table D. 1 wi l l not only represent 
the net present value during the project life but wi l l also represent the net present 
value during the 30-year analysis period as well, (More specifically, from Winfrey's 
Table D, 1, the net present value figure of $19,164 for project A is the net present 
value for both a 10- and 30-year analysis period if the project is not renewed,) Thus, 
the one-cycle cost and earnii^s for projects A, B and C are being compared over 
equal 30-year analysis periods so long as one uses the net present value figures as the 
basis of comparison. However, as we noted, the rate-of-return figures are incom­
parable, both among themselves and as compared to the net present value data. Fur­
thermore, i t is clear that for this case (of no renewal or replacement after the f i rs t 
cycle) project B is the most desirable, economically (among A, B and C), Again, this 

^Harold Bierman and Seymour Smidt, The Capital Budgeting Decision, The Macmillan Company, 
New York, 1966, p, v i i , 

' • i* lb id„ p, 48-49, 



102 

decision must be based on a comparison of net present value figures (as shown in 
Tables 2.7 and 2.8 or Table D. 1) which are comparable and which are based on a 30-
year analysis period for all projects; the rate-of-return figures cannot be used for this 
comparison since they result from an analysis of costs and earnings only during the 
project lives and, more importantly, since they assume different reinvestment situa­
tions, both among themselves and as compared to the net present value data. (Re-
study of the example in Section 2,7 wi l l be helpful.) For example, to use the rate-of-
return criterion would be to assume implicitly not only that funds for projects A and C 
would be reinvested at 7 percent between years 10 and 30 but would also assume im­
plicitly that earnings between years 1 and 10 would be reinvested at 7 percent. This 
would conflict with the stated reinvestment (of 6 percent) used to compute the net pres­
ent value, and thus makes the two investment measures incomparable. 

Winfrey seems to imply that all one needs to do in order to place the comparisons 
and projects on common ground is to renew or replace them for the ful l 30-year period 
and then to compute the new set of net present value figures which he has shown in the 
Table D. 1 column headed "net present value at 6^ for 30 years." This of course is 
not correct. First, i t should be emphasized that this new set of figures is in no way 
comparable to our original set of net present values, since an entirely new set of cost 
and earnings situations has been assumed. In short, our problem dealt with no re­
newal and Winfrey's problem deals with that of continual renewal (up to 30 years); 
furthermore, he has added six more alternative projects to the list. Second, given the 
renewal case analyzed by Winfrey, i t is obvious that project C would be preferred over 
A and B whether one uses a rate-of-return or net present value criterion. Even so, 
we must re-emphasize that the two criteria are not comparable (even in this case of 
continual renewal over equal 30-year analysis periods) since the net present values are 
based on reinvestment of the earnings (from year 1 to year 30) at a rate of 6 percent 
while the internal rates-of-return are based on reinvestment of earnings at rates of 
7, 6. 5 and 7 percent, respectively, for projects A, B and C. In short, the criteria 
both indicated the best project (among A, B and C) merely by accident! 

Third, if we view the circumstances for all 9 projects shown by Winfrey in Table 
D. 1, all of which are continually renewed until year 30, i t is clear that project D is 
the best investment situation if we use a net present value criterion. 

But which project is to be selected if the internal rate-of-return criterion is to be 
used? Are projects C through H really the samê **, economically, if we use the rate-
of-return criterion? And why do projects C through H show equal rates-of-return but 
different net present values if the measures are equally valid for making economic 
judgments? Winfrey does not indicate the answers to these important questions. ^" 

At the outset, i t is clear that the internal rate-of-return criterion would not indicate 
which project is preferable in this continual renewal, 30-year analysis period case. 
It is also clear that the internal rate-of-return and net present value figures for these 
9 projects are not based on a common set of assumptions. For example, the rate-of-
return for all projects but B is based on a reinvestment rate of 7 percent (for earnings 
from end of year 1 to end of year 30) while the rate-of-return for B is based on a re­
investment rate of 6. 5 percent. Since the reinvestment rate is entirely independent of 
project earnings, it is not at all clear why project B reinvestment earnings should be 
expected to be different from those of other projects. Nor is i t at all clear why the 
reinvestment rate should not be equal to the stated cost of capital of 6 percent. In 
any case, the rate-of-return method and net present value method should both be based 
on the same reinvestment rate assumptions (for all projects); that is, either the overall 
rate-of-return or the net present value figures should be recomputed (as detailed in 
Section 2.7). 

Project A would be rejected as being best since the rate-of-retum on the incremental $600,000 
investment (for higher cost projects) is at least as high as the cost of capital, 

"^see note 113. 
^^'The quotes included by Winfrey from the writings of Robinson and Solomon are entirely correct 

on this score, but are couched in the usual economic jargon. 
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Perhaps the reader might be surprised to learn that if the net present value figures 
for projects C through H were re-computed while assuming that the reinvestment earn­
ings rate was 7 instead of 6 percent, but with the same 6 percent discount rate, the new 
net present value figure for all 7 projects (C through H) would be equal and would be 
about $325, 290. On the other hand, if Winfrey had computed the overall rate-of-return 
for the various projects while using the same 6 percent reinvestment rate as used for 
computing the net present value figures, he would find that the "corrected" overall 
rates-of-return would rank the various projects in the same order as did the net present 
value figures'. 

The point of all this is simply that the engineer or analyst- seldom does use a common 
set of reinvestment rate and analysis period assumptions, and thus can make incorrect 
investment decisions. 

Just to point out how easUy incorrect decisions can result from using the internal 
rate-of-return method (that is, by using data of the sort compiled by Winfrey in Table 
D. 1), let us reduce the annual returns for project D in Winfrey's table by only $10,000 
a year and note the results. The revised row of figures for project D would then be­
come approximately as follows: 

D 1,000,000 1,069,000 1 6.9 8,495 123,885 

With these data for project D in place of those in Table D. 1 and using the internal rate-
of-return criterion, we presume that internal rate-of-return advocates would now re­
ject project D and say that projects C and E through H are all preferable to project D. 
However, such a conclusion would be incorrect since project D is stil l clearly the best 
investment among the 9 projects. Again, this emphasizes the weakness of the internal 
rate-of-return criterion, as normally calculated and used. 

Finally, on the rate-of-return vs net present value argument, Hirshleifer, et al, 
have said: " 

. . .While i t is true that the procedure of selection by marginal internal 
rate-of-retum wi l l often (perhaps usually)lead to the correct choice of 
projects, there are strictly correct methods of evaluation available which 
are no more di f f icul t to apply and so should always be used instead. . . . 
Even aside from possible ambiguity in its determination, the internal rate 
as usually defined takes no account of the market terms on which funds 
needed in the project history can be obtained or of the market earning 
value of the cash proceeds thrown off by the project. To the extent that 
possible outside reinvestment opportunities for cash proceeds, or the cost 
of funds in the outside market for required cash inputs, are considered, 
the analyst w i l l be departing from the purely "internal" rate-of-retum 
concept in the direction of correctly considering the relevant market a l ­
ternatives. 

Also, Bierman and Smidt summarize the situation as follows: 

It is possible to use the rate-of-retum method in such a way that i t 
gives the same results as the net present-value method. In this sense the 

^^^H. Hirshleifer, et a l . Water Supply Economics, Technology and Policy, Univ. of Chicago Press, 
1960, p. 171-172. 

^ ^ ^ H . Bierman and S. Smidt, The Capital Budgeting Decision, The Macmillan Company, 2nd Ed., 
1966, p. 39. 
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two methods are identical, and i f they are used correctly, either one is 
occeptable. However, ] f is theTiggest two-letter word in the English 
language. It is easy to use the net present-value method correctly. It 
is much more dif f icul t to use the rate-of-retum method correctly—more 
dif f icul t to describe what comparisons are appropriate for a given de­
cision, and more dif f icul t to carry out the required calculations. For 
both these reasons this book wi l l consistently recommend the use of the 
net present-value method. 

Reply to the Author's Results. Winfrey correctly notes that for our example prob­
lem, " . . . the net present value is simply the road user taxes less the highway costs, 
each properly discounted over the 40-year period." However, he continues, "The 
authors set their data to produce this result, but they do not so state." 

As for the latter of these two comments, some clarification seems necessary. 
Chapters 1 and 3 deal repeatedly with the principal issues of cost and benefit defini­

tion and of consumer surplus exclusion or inclusion (for the economic justification of 
investments). For our example problem, in which consumer surplus was excluded and 
in which we assumed that all changes in user travel costs (or prices) were reflected 
in the user price-volume curves, the result noted by Winfrey is a direct consequence 
of the two assumptions and not of "setting the data." The text repeatedly emphasizes 
the nature of these assumptions and is careful to note those instances when the assump­
tions were made merely for convenience of computation in the example problem. Spe­
cifically, in the example problem we assumed that travelers perceived all user coste 
and thus that changes in these costs which would stem from improvement would be re­
flected entirely in the price-volume curves for the different alternatives. For this 
assumption, and for the exclusion of consumer surplus, the net benefit would be the 
road user tax revenue. However, if we had chosen to assume that certain user costs 
and cost reductions would not be perceived by users or if we had chosen to include con­
sumer surplus, then the net benefit totals would be different and would correspond to 
the conditions usually assumed by highway engineers, (included in Subsection 1.3. 3 
and Sections 3. 5 and 3. 6 are the procedures to be foUowed for these alternative as­
sumptions. ) Again, the crucial matters involve the question of whether or not to in­
clude consumer surplus and the problem of developing appropriate price-volume curves 
(that is, of determining the extent to which users do perceive changes in travel costs). 

These are precisely the issues which highway engineers to date have largely ignored 
or dealt with unknowingly, which are key to the problem of economic justification, and 
upon which we feel attention should be focused. Further, we are not unmindful of the 
fact that the highway community will generally be "startled" by the outoome since, 
historically, it has been wUling to include consumer surplus (as a highway "benefit" 
and as a means of justifying improvements) without question or doubt. Again, while 
we would not argue that it is unquestionably wrong to include consumer surplus, we 
would insist that it is a matter of judgment, a matter to be openly discussed and a mat­
ter of considerable importance. (And, of course, we would recommend its exclusion 
for the many reasons outlined in Chapters 1 and 3.) 

Later in this section, Winfrey argues that: " . . . this net of road user taxes above 
the highway costs, is, in effect, placing the highways on a 'sales income' concept. 
Such concept would work against any improvements to reduce motor fuel consumption, 
on the basis that the more fuel consumed, the higher the tax (sales) income." First, 
we would not regard the present tax rate as inviolable, and where facility expenditures 
can be made which will reduce motor fuel expenditures (or any other consumer value) 
at least as much, we would certainly be advocates of such improvements, but only to 
the extent that users or consumers are willing to pay for and do pay for such improve­
ments. Obviously, this suggests a long-run adjustment between the size, extent and 
quality of our highway system and the associated tax rate. (Our conclusions on this 
matter admittedly involve questions of both economic efficiency and income distribu­
tion, the latter of which are ethical as much as economic. And, as noted earlier, we 
are less than sanguine about the existence and measurement of consumer surplus to the 
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extent indicated by the ususal "draftsman's" demand curve.) Second, and contrary to 
Winfrey's conclusion, and given an inviolate tax rate (an assumption we do not neces­
sarily endorse but will make for these purposes), our concept would not " . . . work 
against any improvements to reduce motor fuel consumption, on the basis that the more 
fuel consumed, the higher the tax (sales) income." Again, Professor Winfrey has 
overlooked the fact that facility improvements which will reduce fuel consumption 
usually will also lower the user price-volume curve, thus producing increases in user 
travel volume and possibly increases in net present value (dependii^ on demand elas­
ticity). Furthermore, and as pointed out in Section 3 . 6 , in those cases where the 
price-volume relationships (or perceived user costs) are unchanged by highway im­
provements which do in fact reduce vehicle gas consumption or other operating costs, 
our methods and procedures do permit analysis of these economic consequences and, 
in turn, will lead to the economic justification of highway improvements for these pur­
poses. 

Finally, a few comments are appropriate regarding the computation of benefit-cost 
ratios and the rate-of-return. First, we have not dealt fully with all aspects of the 
benefit-cost ratio method as we feel it offers no technical superiorities over other anal­
ysis methods and has many deficiencies. 

Also, while our definition of the benefit-cost ratio method is not entirely apart from 
that of the ei^ineer, we have relied on the methodological structure offered by the 
economist. As to Winfrey's objection to our including road user costs in the numerator 
and denominator, we would point that: (a) our benefit-cost ratios and our incremental 
ratios include all costs and all allowable benefits (i.e., excluding consumer surplus); 
and (b) the road user costs appear in both the numerator and denominator because the 
user price at the margin is equal to both the unit user cost and to the unit user benefit; 
however, if consumer surplus were to be included as a user benefit, then the user 
cost and user benefit items would not be equal. (See the remarks and formulation in 
Table 1.2 of our text for clarification of this point and for computation of the change in 
user benefit.) As for the necessity of computing both benefit-cost ratios and incre­
mental ratios, we would argue that both sets of ratios should be computed, the first 
to determine the overall feasibility of the project and the second to determine the feasi­
bility of increasingly higher cost projects (again, relying on the general methodology 
as outlined by economists). Also, while the principal decision facing the engineer is 
whether or not to commit resources (or capital) at the present time, projects should 
be ranked according to the total (discounted) costs which are thereby committed and 
not just the initial capital costs. "'̂  (The initial capital costs differ from the commit­
ment of costs for maintenance, etc., only in terms of the time of their commitment.) 

Finally, regarding the rate-of-return method and the accompanying calculations, 
the same sort of comments apply. The overall rate-of-return for projects must first 
be calculated and then the return on the increments of cost for successively higher cost 
projects must be computed, the first to determine the worthwhUeness of the overall 
investment and the second to examine the worthwhileness of increments of investment. 
Also, it should be noted that the definition we used for rate-of-return (or incremental 
rate-of-return) is that it is the discount rate at which the discounted benefits (or in­
cremental benefits) would just equal the discounted costs (or incremental costs); these 
definitions and practices stem directly from those of the economist. Thus, we would 
argue that the rate-of-return method as explained in our text is fully consistent with the 
practice and principles of the economist. 

Reply to Concluding Remarks. Winfrey says that, "The reader needs to be aware 
that the example solution given arrives at its numerical results principally because of 

^^°For an excellent discussion of its technical deficiencies, see Hirshleifer, et a l , op. c i t . , p. 137; 
also Kraft's discussion herein. 

^^^See remarks of Solomon in Section 2.6. 
Hirshleifer, et a l , op. c i t . . Chaps. 6 and 7, 
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the way the authors priced highway service. Another analyst could use the price-volume 
concept and the new present worth'method and arrive at different results. " 

While we are not certain what Winfrey means in the first of these two sentences, 
we presume that he is referring to the fact that we include user travel benefit or value 
only to the extent that the user actually does pay for the service. In this sense, he 
is certainly correct, and should another analyst prefer to include the consumer surplus 
or net benefit (i. e., the benefit to traveler over and above the amount he actually pays 
forFtiien different travel benefit totals and different net present values will almost 
always result. Again, though, the crucial issue is not whether the totals would be 
different, but it is that of deciding whether or not to include the consumer surplus (and 
of measuring it, which is no mean task); this is a judgmental question and one deserv­
ing of far more attention than it has received in highway engineering economy circles. 
Similarly, should it be determined or assumed that users do not perceive all travel 
costs in the course of tripmaking (as noted in Section 3.6 of the text) then both the 
benefit and net present value totals can change, and thus other analysts making different 
assumptions can legitimately arrive at different results. Clearly, then, it is important 
for the analyst and highway engineer to be more deeply concerned with the manner and 
extent to which user costs are manifested. 

Aside from the judgmental issues (to include problems associated with pricing 
policy, with income distribution, with the exclusion or inclusion of consumer surplus) 
and from the matters of determining suitable demand and equilibrium functions, there 
appears to be little (if any) virtue in hesitating to adopt a definitional framework and 
analysis methodology closely akin to that preferred by most professional economists, 
and as outlined herein. To do so may require some considerable re-learning by en­
gineers but in all likelihood will result in better and more consistent investment de­
cisions. 

^^''Perhaps Winfrey is making reference to the broader subject of pricing policy in the sense used 
by the economist. In this case, the door would be opened to a wide range of issues, from the determi­
nation of differential costs to policy matters such as discriminatory vs uniform prices, etc. Again, we 
have presumed that Winfrey was not referring to these issues (which are important, but far beyond the 
scope here). 

^^^The totals would not change for perfectly elastic demand situations. 
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join in the furtherance of science and engineering and share the responsibility 
of advising the Federal Government, upon request, on any subject of science 
or technology. 

The NATIONAL R E S E A R C H COUNCIL was organized as an agency of the National 
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