PB-218 831

Before and After Benefit-Cost
Analysis in Urban Transportation

California University

prepared for

Urban Mass Transportation Administration

SEPTEMBER 1972

@m TEL

Distributed By:

DEPARTMENT C
TRANSPOR

JAN2 6 1981

LPRARY National Technical Information Service
o . S. DEPARTMENT OF COMMERCE







=2
gp00
. P42

i PB 218-831

BéFORE AND AFTER BENEFIT-COST ANALYSIS
IN URBAN TRANSPORTATION,

by
lE]_'izabeth. ;:eterson/
and
Frank G. Mittelbach
Graduate School of Management

University of California
Los Angeles, California

September 1972

This report was produced as part of a program of Research and
Training in Urban Transportation sponsored by the Urban Mass
Transportation Administration of the Department of Transporta-
tion. The results and views expressed are the independent
products of university research and are not necessarily con-
curred in by the Urban Mass Transportation Administration of
the Department of Transportation.

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE



TABLE OF CONTENTS

Listing of Figures . . . . . . ¢« « ¢« ¢ ¢ ¢« o o o o o o o 11,

I. Introduction . « = 5 s & © & 5 5 % @ & % % @ € F 8 6 5 & La

i Prospective Use of Benefit-Cost Analysis . . . . . . . . 5.

ITX., Retrospective Use of Benefit-Cost Analysis . . . . . . . 9.

IV. Conceptual and Practical Problems in Benefit-Cost

ADBIYB1B . : o v 5 0 ¥ o 0 e e oW e e E e o w s 12,
V. Ex Ante -- Ex Post Study of Benefits and Costs . . . . 21.

1.A. Time Value Savings for Users . . . . . . . . . 24,
1.B. Time Value Savings for Users: Santa Ana

Freeway Tes8t . « o ¢ « « o o o 5 @ o« @ o « o 2T,
1,65 Evaluation of Ex Ante -- Ex Post Divergences

in Users' Time Savings . . . . . . . . . . . 32.
2.A. Highway Commodity Savings and Costs . . . . 37.
2.B. Highway Commodity Savings and Costs: Santa

Ana Freeway Test . . . . . . « ¢« « v v o . . b1,
2l Evaluation of Ex Ante -- Ex Post Divergences

in Highway Commodity Relationships . . . . . . Lk
VI. CONCIUBION: « « « s o s ¢ s o 5 & ¢ &« % & & & & & & & 4 50

B/b/ioﬂrc\phr..................... 56

ib



BIBLIOGRAPHIC DATA |I- Report No. 2. 3. Recipient’s Accession No.
SHEET UMTA-CA-11-0009-72-5 PB 218-831
4. Title and Subtitle 5. Report Date
BEFORE AND AFTER BENEFIT-COST ANALYSIS IN URBAN TRANSPORTA- September, 1972
TION 6.
7. Author(s) 8. Performing Organization Repr.
Elizabeth Peterson and Frank G. Mittelbach No.
9. Performing Organization Name and Address 10. Project/Task/Work Unit No.
University of California at Los Angeles CA-11-0009
Graduate School of Management 11. Contract/Grant No.
Los Angeles, California 90024 DOT-UT-425
12. Sponsoring Organization Name and Address 13. Type of Report & Period
Urban Mass Transportation Administration Covered
U.S. Department of Transportation FINAL
400 Seventh St., S.W. 14,
Washington, D.C. 20590

15. Supplementary Notes

16. Abstracts

The accuracy and utility of benefit-cost analysis in urban transportation was in-
vestigated. The purpose of this report was to examine expected benefits and costs
associated with particular transportation projects and to compare them with actual
results. Benefit-cost analysis is described in detail along with conceptual and
practical problems. The Santa Ana Freeway in Los Angeles was a selected case study
to compare ex ante-ex post benefits and costs with reference to time value savings
for freeway users and highway commodity savings. The analysis revealed significant
differences between the benefits and costs anticipated and those which were obser-
ved. Assumptions in the ex—-ante analysis are discussed in detail. The report con-
cludes with recommendations to improve the effectiveness of benefit-cost studies in
urban transportation decision-making.

17. Key Words and Document Analysis. 17a. Descriptors

Urban Transportation
Transportation Planning
Benefit-Cost Analysis
Los Angeles, Cal.

17b. Idencifiers /Open-Ended Terms
Santa Ana Freeway
Transportation Decision-Making
Ex Ante-~Ex Post Analysis
Time Value Savings
Highway Commodity Savings

17c. COSATI Field/Group oA, 13F, 14A, 15E

18. Availability Statement 19. Security Class (This 21. No. of Pages
Report) 63
i i B UNCLASSIFIED
Releasable to'the Public. Available from: T Y G PPTR AT 7 Priee
NTIS, Springfield, VA 22151. Page
UNCLASSIFIED

TRM NTIS-38 (REV. 3-72) uscoMM-DC 14982-P72

o




Figures Al-Ah

Figure B

Figure C

Figure D

Figure E

Figure F

LISTING OF FIGURES
Expected and Actual Total User Benefits . . .
Projected Users' Time Savings, 1947-1967 . . . .

Actual Users' Time Savings and Losses (Using
ADT and Peak Hour Traffic Data), 1947-1967 . . .

Expected and Actual Highway Commodity
Savings and Costs Relationship . . . . . . . . .

Projected Highway Commodity Savings and
Costs Relationship, 1947-1967 . . . . . . . . .

Actual Highway Commodity Savings and Costs
Relationship, 1947-1967 . . . . . . . . .

iib

26

29

30

Lo

L2

43



I. Introduction

Benefit-cost analysis has played a central role as a tool in
decision making or evaluation of public transportation programs and
projects. This role developed largely in response to the need to under-
stand the relationship between economic outcomes and particular social
investments. Since revenues often could not be generated from social
investments, or prices which were charged for products or services often
were set below market levels, means had to be developed to determine whether
or not these social investments were desirable, worthy and/or optimal. The
costs of public capital investments and of continuing operations were often
calculable and fairly well predictable. However, the same was not true
for the value of benefits received. Decision makers, lacking the usual
market-determined information, had no good criteria for choosing between
investments which might have had equal costs but different benefit streams.
Even more complex problems arose when investments had both unequal costs
and dissimilar benefits.

The absence of carefully designed decision rules based on economic
analysis are not of great import in a society where public investments gen-
erally are small scale. In such cases, the public or political opinions
might have been sufficient grounds for decision making. However, as the
scale and complexity of programs and projects increased, involving a wide
variety of different costs and benefits with varying time streams, purely
ad hoc and verbal qualitative approaches to public project analyses were
no longer considered sufficient. A need was felt for organizing benefits
and costs on a carefully structured basis so that projects of different or

similar types could be compared. Processes of imputation had to be devised



to replicate markets which offered only indifferent clues to the value
of private and social benefits and costs. These processes of imputation
remain at the heart of the benefit-cost analysis even today.

The application of the benefit-cost method became a subject of
considerable discussion among both academicians and practitioners of the
art. Questions were raised on the nature and types of private and social
benefits and costs to be included in the analysis and the bounds of im-
pact areas where projects were lodged in specified regions. A further
debate revolved around the methods of valuing benefits and costs. A
typical example here might be the appropriate value to be imputed to, say,
travel time savings associated with a highway development program or
project--e.g. the opportunity cost at places of work or some other value,

Several other problems arose in executing benefit-cost studies.

The intangible nature of many benefits and costs (particularly the latter)
often meant that they were treated cursorily. Air and water pollution are
obvious examples of complex effects which were ignored in the early highway
programs. The potential damege to human health and the perturbation of
the eco-system associated with air and noise pollution in urban freeway
developments offer instances of disbenefits that were often brushed away.
Similarly, the intanglible character of benefits flowing from investments
in envirommental protection programs usually meant that they were set
aside and not treated in an analytical fashion. Even currently with envi-
ronmental impact studies required, as part of public investment programs,
these studies are usually distinct from benefit-cost analysis. An obvious
reaction has set in, and earlier exuberance about imputing dollar values

to costs and benefits has been dampened. Many analysts have become cautious



about placing benefits and costs on a common scale, and they are sensitive
that efforts in this direction may involve making highly unrealistic assump-
tions. Benefit-cost analysis became only one of a variety of methods pro-
viding inputs into the decision-making process. 1In part the shift was at-
tributable to several factors already mentioned. First, the approach
placed undue emphasis on tangible economic benefits and costs, to the ex-
clusion of intangibles. Second, the need to quantify benefits and costs
often necessitated weak assumptions. Third, its reliability as a predic-
tive tool rarely was tested or, when tested, the projections of benefits and
costs were found to depart sharply from the actual. Fourth, benefit-cost
analysis frequently was undertaken to justify predetermined conclusions.
Simply put, the tool was manipulated to support or reject previously estab-
lished postures rather than used to assist decision makers in determining
whether or not social investments should be undertaken or how to establish
priorities among alternatives. The opportunities for manipulation are mani-
fold, and even those who are familiar with the approach are not always in

a good position to determine whether the analysis as carried out produces
reasonable results. The outcomes can be influenced by including or exclud-
ing selected direct and indirect benefits,

To illustrate, some benefits may be double counted as would be the
case if both reductions in accidents and potential savings in insurance costs
are included in an analysis of highway developments. Treating future ben-
efits or costs at the same value as current benefits or costs implies the
unrealistic assumption that the public is indifferent between current or
future expenditures and returns. Similarly, the use of unrealistically high

or low discount rates for valuation of benefits and costs will result in



favorable or unfavorable benefit-cost ratios or net benefits. The worth of
particular benefits or costs also may be subject to manipulation. Finally,
benefits or costs may be imputed although these are in the nature of trans-
fers rather than being real gains or losses from the standpoint of society.

Even as the tool was being refined to deal with these problems, ques-
tions still were being raised on the general efficacy of the overall ap-
proach., Particularly when projects were parts of complex systems, with mas-
sive interdependencies between the projects and the rest of the systems,
the benefit-cost analysis was considered by many as an inappropriate tool.
It became apparent that a group of independent project-oriented benefit-
cost analyses could not take cognizance of such interdependencies as comple-
mentary relationships and substitutability. Thus, independent analyses
could not provide reasonable or reliable results.

Yet, benefit-cost analysis continues to hold aﬁ important place in
public investment programming. It is a familiar tool to the engineering
economist especially, and as a matter of policy many agencies undertake such
analyses, although other inputs will also be required. As more system-wide
information was required to evaluate public investment impact, there was a
tendency to shift away from using benefit-cost analysis as a primary test
of economic feasibility. This led in recent years to the development of
large~scale systems studies focussing especially on urban transportation.
The perturbing effect of small changes in the system could be more readily
understood in the context of such models. Obviously, the approach did not
Jend itself immediately to answering questions such as which parts of the
system in the development phase had the highest priority for investment.
However, the information which was generated did provide inputs for more

detailed analysis.



II. Prospective Use of Beneflt-Cost Analysis

Whether used alone or as part of larger studies, benefit-cost anal-
ysis usually has been applied in situations where prospective projects are
evaluated, A benefit-cost analysis is prepared before investment decisions
have been firmed up. The findings may then be included as part of the delib-
erations by decision makers. The benefit-cost in these circumstances in-
fluences a "go" or "no go" decision. Alternatively, the findings may sug-
gest scaling down or up of a project, deferral for the time being, or for
that matter rapid implementation. Similarly, the selection of the "best"
altermative from variants of essentially the same project may be enhanced.
To illustrate, benefit-cost analyses may support the selection of one route
from several alternative urban transportation links.

Prospective use of benefit-cost analyses was initiated in the United
States in the early 1930's and 1940's by the Army Corps of Engineers. These
"economic analyses" actually were engineering surveys and inventories pre-
pared as planning aids for independent projects. Early use of the prospec-
tive benefit-cost methodology was dominated by the nation's need for and
promotion of dam construction and other work projects, especially of the
multiple purpose types. Policy objectives emphasized productivity of projects
more than econamic efficiency in general. Use of the independent benefit-
cost analyses tended to be limited to questions of financial and physical
feasibility and the budgetary consequences éf projects.

Roland McKean, in a classic study, evaluated the benefit-cost ap-

|
proaches incorporated in various government menuals. His work appeared

1. Roland McKean, Efficiency in Government Through Systems Analysis, with
Emphasis on Water Resource Development (New York: John Wiley and Sons,
Inc. for the RAND Corp., 1958).




just after a period of sharp criticism of federal water-resource develop-
ment subsidies and project evaluation procedures. McKean did not discuss
specifically the benefit-cost procedures adapted by goverrment agencies eval-
uating transportation projects.2 Nevertheless, his critique of the method-
ology and his suggested systems analysis approach are relevant to all

public project investment decision making. His approach emphasized that
benefit-cost analyses served a very limited function: it provided a means
by which to "array" governmental investment possibilities, and it permitted
meaningful comparisons only when used system-wide (i.e., for all budgetary
problems).

McKean classified the methodological problems into three general
areas: criteria, time streams, and uncertainty. McKean suggested that most
investment analyses should be content with "proximate criteria' or project
objectives. Perfect optima are impossible in the real world. An attempt
to maximize gain while simultaneously minimizing cost is an unworkable goal.
Benefit-cost is a tool for "piecemeal analysis" of small incremental invest-
ments which, theoretically at least, should be consistent with whatever
general welfare optimum society would like to attain.

McKean argued that the benefit-cost is meaningful for decision makers
only if it describes the maximized present value of alternatives: 'present
value of gains minus present value of costs"” using the marginal internal

L
rate of return as the discount rate. Applying the investor's rationale,

2. Bureau of Publiz Roads, The Highway Research Board and The American As-
sociation of State Highway Officials. See, especially AASHO, Road-User
Benefit Analysis for Highway Improvements (Washington, D.C.: 1950).

3. McKean, op. cit., pp. 21-34,
4, 1Ibid., p. 76.



decision makers should undertake only those projects which have the highest
present worth when their respective benefit-cost streams are discounted at

a rate representing the yield available in the next best épportunity. 'The
analysis should rank or array alternative projects according to the present
value of their gain-cost streams under a variety of different discount rates,
for a variety of different project sizes and for combinations of interrelated
pro,jects.5

McKean argued that uncertainty as well as intangible and spillover
effects should be specified or at least the likelihood of their existence
recognized. Rather than hide risk in the time stream caléulations, McKean
would establish a "frequency distribution of outcomes,” giving the decision
maker some idea about the uncertainty associated with gains and costs; with
system constraints; and with political, technological, or random changes.

Intangibles are consequences--of the options being compared--which
cannot be expressed in the common denominator being used for gains and costs.
While intangibles should not be added to the benefit-cost streams, they can
be identified in their own value terms as consequences, specifically, of
either side.

Spillover effects are external economies or diseconomies. They are
"uncompensated effects" on the revenue or expenses of any group outside of
the project itself, but they are caused by the project. McKean argued that
if spillovers are "technological"” (i.e., "affect the physical outputs that

other producers can get from their physical inputs"), then the effects

5. 1Ibid., pp. 82-88.
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should be included as a separate component of the analysis. "Pecumiary"
spillovers are reflected in changing prices resulting from a project. These
effects represent redistributién of resources and transfers of rent. Since
they are part of the process of reaching a new output equilibrium with a
project investment, such effects should be included only as supporting data
describing assumptions underlying each project's analysis.

In sum, benefit-cost cannot be used to divide projects into efficient
versus inefficient categories in the pure sense. It can be used to array
project alternatives and to specify the underlying assumptions.8

McKean tested his projection results against actual prospective
benefit-cost analyses which were undertaken by the Department of Interior
and Corps of Engineers. The purpose of his comparisons was to understand
the problems of prospective analysis and to deal with each in an orderly
manner, without permitting the benefit-cost calculus to hide the critical

issues.

7. 1Ibid., pp. 134-1LO.

8. Ibid., p. 175.
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IIT. Retrospective Use of Benefit-Cost Analysis

Another use of benefit-cost studies is the after the fact evaluation
of projects or programs which are totally or substantially completed. An
excellent illustration of analysis in retrospect is Ann Fetter Friedlaender's

study, The Interstate Highway System.9 In part based on actual experiences,

this analysis asks a different question: given that society has committed
substantial capital resources to the development of a highway system, how
does the system perform and what improvements might be made in the future?
A sketchy review of Friedlaender's conclusions draws attention to some of
the points raised above:

. The Tnterstate Highway System is a desirable public
investment project, for the substantial savings that it
creates in the resources required for transportation out-
weigh its considerable cost. . . .[it]is far from optimal
and could be, in fact, improved to increase the future
stream of income to society . . . "

"

It was also found that in the rural Interstate System . the overall
levels of economically justified traffic in the rural areas are too small

to support an entire network of highways with the capital intensity of the
proposed rural Interstate System.," One reason is that since the bulk of the
costs are borne by the Federal government "state highway departments have
little incentive to make sure their proposed Interstate projects are as
economical and efficient as possible.” This is exemplified by the buildin~
of four-lane highways where similar benefits would be generated with a two-

lane highway. The general level of benefits on the urban Interstate System

is estimated to be high in relation to the costs. However, the major

9. Ann Fetter Friedlaender, The Interstate Highway System (Amsterdam:
North-Holland Publishing Company, 1965).
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criticisms are leveled at pricing policies, since commuters are not made to
pay the marginal social cost of trips. Friedlaender also finds it impos-
sible to compare mass transit facilities to urban superhighways. 1In other
words, the optimal distribution of investment between mass transit and sup.r-
highways could not be determined due to incompatible data.

This brings us %o the purpose of the current investigation, namely,
to join the prospective and retrospective benefit-cost analyses. The re-
search question is: What benefits and costs were anticipated in selected
transportation projects, and how do the expectations compare to the actual
experiences? A related question is as follows: If expected and actual ben-
efits and costs sharply diverge from each other, then what explains the
divergence?

In part the reasons for divergence may lie in the general or specific
weaknesses of prospective benefit-cost analyses, Alternatively, the diver-
gence may result from methods of implementing programs and projects. Fried-
laender's finding on the failure to properly price trips on urban superhigh-
ways 1s of some importance in this last question. Pricing below marginal
social cost, for example, is likely to increase the effective demand for
trips on superhighways. As a consequence congestion may result which sub-
stantially reduces realized benefits in relation to expectations. Another
view might be that the heavy utilization of the systems in retrospect is
really a sign of success, and steps should be taken to expand and improve
the systems. The reasoning here is that realized benefits to individual
users are lower because of congestion. Nevertheless, the aggregate benefits
exceed by a substantial margin the costs incurred, even though the benefits

are diffused among many more users than anticipated. This last view may
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find popular support among those who have an interest in expanding particular
transport systems. This reasoning may require re-evaluation,

We shall proceed by first reviewing briefly the conceptual and prac-
tical aspects of benefit-cost analyses. ‘'This will be followed by study of
a Los Angeles freeway where before and after benefit-cost data became avail-

able.



1V. Conceptual and Practical Problems in Benefit-Cost Analysis

In the previous section we distinguished between ex ante and ex post
benefit-cost studies which examine social investments in a with-or-without
framework. 1t was noted, however, that the framework does not deal with
certain problems. The approach may suggest that particular investments und:
consideration may move society in the direction it desires. The problem of
whether alternate paths are inferior or superior will not necessarily be
clarified in the process. This problem can be considered by examining the
level of analysis involved.

A benefit-cost study may involve, for example, the practical protlim
of determining the best route for a contemplated urban transportation pro-
ject within a larger transportation system. 7This may be considered a fairly
straightforward kind of problem, where benefit-cost analysis usually is ap-
plied. A preliminary decision may have been made that iﬁ is desirable to
connect two points in space. If the alternative routes produce the same
level of benefits, determined according to some criteria, the problem reduc:s
itself to one of cost minimization. However, if benefits vary, and this wil!
usually apply as long as trip generators are distributed unequally throush-
out space, then both the benefits and the costs will need to be calculated
for different routes being considered. The assumption is that at best the
most economical and at worst the least uneconomical route will be selected.
As has been shown, no matter whether the analyst makes his calculations using
one or more of several available methods, if properly executed, the same

conclusion should result.lo

The implications of technical proficiency are

10.  On this point see Robley Winfrey, Economic Analysis for Highways
(Scranton: International Textbook Company, 1969), Chapter 7.
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not without some importance. A great deal of discussion has addressed the
choice of methods including benefit-cost ratios, internal rate of return,
net present value and other approaches. All the methods, assuming they were
applied correctly, will yield the most economical route in the case of the
mutually exclusive projects considered above. Of course, one might also
reach the conclusion that none of the alternative routes should be selected
because in all cases the benefits relative to the costs are low in comparison
to other investment opportunities. A benefit-cost ratio above, say, 1.25

or an internal rate of return which is above some minimum desired level
might be set as a threshold before accepting a project. But in any event
the decision of what the threshold should be is not strictly a matter of
economic interpretation. Since we are dealing with social rather than pri-
vate investments, it is entirely possible for society to declare that with
respect to one type of investment being considered a benefit-cost ratio of
1.25 is acceptable, whereas in other types of investment it should be much
higher. Particularly, if the project is designed to acéomplish redistribu-
tive as well as efficiency goals the differences in the thresholds may be
justified.

If we now move to another level of analysis, the applicability of
benefit-cost analysis is much less clear. A problem might be to determine
say whether a highway should be built to connect communities A and B, A and
C,or both., The questidn of priorities enters into the decision making pro-
cess when considering those projects which are not necessarily mutually ex-
clusive. If both projects are considered worthy, which should be developed
first? If the problem concerns building one or both projects at different

points in time, what are some of the dynamic systems interdependencies which
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need to be considered? Improved accessibility between A and B or A and C
directly or indirectly influences relative and/or absolute accessibility
between B and C. If only one project is built, then a process of reloca-
tion may be induced which could reduce anticipated user benefits from a high-
way and eventually could occasion substantial congestion costs. Building

one or the other highway or both may have synergistic consequences of un-
certain magnitude. Assume for a moment that A, B and C are three communi-
ties of a subregion within a larger region. Reductions in transport costs
are realized initially and improve the efficiency of interdependent economic
activities located within the subregion. This would improve the comparative
advantage of the area relative to others, inducing increases in employment,
associated housing construction and trip generation. If trips are priced

at marginal private costs as contrasted to marginal social costs, then the
long run outcome might well be more congestion than existed prior to the
highway development. In addition, significant envirommental pollution may
appear, whereas formerly it was trivial. Aside from the potentially dire
consequences described, realized highway user benefits may be greater, equal
to, or less than those anticipated. The result depends on the totality of
synergistic effects which were not or could not be incorporated into the ini-
tial benefit-cost calculus.

Conceptually, of course, the problem as outlined above is not dramat-
ically different from the previous problem of selecting one route to connect
two points. They both presented unequal benefits and costs for different
routes. However, the impact area is readily identifiable in the case of a
mutually exclusive set of alternatives. User benefits and costs will vary

depending on which of several possible routes is selected to connect the two
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communities. Nevertheless, a highly circuitous route alternative is not
going to receive serious consideration in the analysis. Moreover, and this
is critically important, it is reasonable to hold constant the dynamic and
interacting effects which economic activities have on location when one is
evaluating mutually exclusive projects along a particular route. In the

case of non-mutually exclusive projects the implications for spatial dynamics
are much more complex, and simplified assumptions are less likely to be
reliable.

A third level of study involves projects or programs which in part
are substitutable and in part complementary. The weaknesses of benefit-
cost studies become most apparent at this level. An example might be the
with-and-without consequences of combinations of mass transit and highway
alternatives in a partial or total systems approach. Even more complex
situations might be postulated, such as choosing between investments in
transportation versus or in combination with other social investments includ-
ing health facilities, education  etc.

As indicated in the introductory section, Friedlaender's comprehen-
sive study of the Interstate Highway System was inhibited by data constraints
from making benefit-cost comparisons between urban highways and mass transit
investments. The information required for such comparisons involve segmen-
tation of users by mode; evaluation of user benefits from alternative or
combined modes with frequent modal splits; and consideration of varying en-
vironmental implications and of the consequences of differing pricing sys-
tems for parts of the system, to cite a few examples. 7This is not to say
that benefit-cost data could not be developed in a mechanical fashion. How-.

ever, it is another question to determine how meaningful they are when highly
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sggregated and when presented without a comprehensive study of the systems'
dynamics.

Several problems arise in the development of comparisons. The assump-
tions introduced are critical and unless carefully specified may yield un-
reasonable results. This issue is examined in a recent discussion by
Mishan.ll He shows how 'the circumstances under which consumer's surplus,
when used as an index of the benefits to be derived from private automobile
travel, may give perverse results--a rise in the index being accompanied by

nl2 The Mishan case

a reduction in the benefits experienced by motorists.
is a highly simplified model of the real world, but nevertheless of consider-
able heuristic value. He proceeds from the assumption of an efficient pub-
lic transit system (buses) with no cars. At this point one and eventually
more consumers perceive a gain with private automobile ownership and travel.
Congestion increases and perceived travel time savings diminish or disappear
as the demand for auto travel increases, However, a return to the oripginal
state provides no advantage to the auto traveller because increasing conges-
tion and out-of-pocket costs also affect bus travel and inhibit returning

to this alternative. Journeys by car maintain an absolute travel time advan-

tage over the bus, but travel on both modes is more costly than at the initial

11. E. J. Mishan, "Interpretation of the Benefits of Private Transport,"
Journal of Transport Economics and Policy, Vol. 1, 1967; also reprinted in Wel-
fare Economics by the same author (New York: Random House, 1969), Second Edition.

12. E. J. Mishan, Welfare EconomicS, p. 275. For further elaboration

on the controversial issue of consumers' surplus as a measure of benefits,

see Jules Dupuit, "Public Works and the Consumer," in Denys Munby, ed., Trans-
port (Baltimore: Penguin Books, Inc., 1968), pp. 19-57; Martin Wohl and Brian
V. Martin, Traffic System Analysis for Engineers and Planners (New York:
McGraw-Hill, Inc., 1967), Chapter 7; Paul Samuelson, Foundations of Economic
Analysis (Cambridge, Mass.: Harvard University Press, 1047), pp. 189-202;
James Henderson and Richard Quandt, Microeconomic Theory (New York: McGraw-
Hill, Tnec., 1958), Chapter 2; and references cited therein.




stage. Finally, due to low profitability, service on the bus system is aban-
doned. Only a collective decision can return the community to the initial
socially preferred state. The problem arises because of improper pricing

of private auto travel. Pareto optimality requires that a shift such as to
auto travel is only appropriate if the welfare of some or all is improved
and no one loses, Pareto optimality is assured where price equals social

marginal costs.13

Alternatively, those who experience an improvement in

welfare, but who impose costs on others, may be able to compensate the lat-
14

ter. In the problem under consideration private car users should compen-

sate bus drivers and passengers and intra-marginal automobiles for the con-

gestion generated by the use of cars.

13. For an introduction to the debate concerning the issue of marginal
cost pricing, see Nancy Ruggles, "The Welfare Basis of the Marginal Cost
Pricing Principle," The Review of Economic Studies, Vol. XVII (1), No. U2,
1949-50, pp. 29-46 and "Recent Developments in The Theory of Marginal Cost
Pricing," The Review of Economic Studies, Vol. XVII (2), No. 43, 1949-50,
pp. 107-126; Edwin Mansfield, Microeconomics: Theory and Application (New
York: W.W. Norton & Co., 1970), pp. 149-163; A.A. Walters, "Road Pricing,"
in Denys Munby, ed., op. cit., pp. 184-211; R.H. Coase, "Price and Output
Policy of State Enterprises: A Comment," Economic Journal, Vol. LV (1945),
pp. 112 ff, "The Marginal Cost Controversy, Economica, New Series, Vol.
XIII (1946), pp. 169-182; and "The Theory of Public Utility Pricing and Its
Application," The Bell Journal of Economics and Management Science, Vol. 1,
No. 1 (Spring 1970), pp. 113-128; and Edna loehman and Andrew Whinston, "A
New Theory of Pricing and Decision-Making for Public Investment," The Bell
Journal of Economics and Management Science, Vol. 2, No. 2 (Autumn 1971),
pp. 606-625,

14, The compensation dilemma is discussed in Harold Hotelling's, "The
General Welfare in Relation to Problems of Taxation and of Railway and
Utility Rates," Econometrica, Vol. 6 (1938), pp. 242-69. See also
Nicholas Kaldor, 'Welfare Propositions of Economics and Interpersonal
Comparisons of Utility," Economic Journal, Vol. LXIX (1939), pp. 549-52;
J. R. Hicks, "The Foundations of Welfare Economics," Economic Journal,
Vol. LXIX (1939), pp. 696-712; and Henderson and Quandt, op. cit.,
Chapter 7, for a survey of the Arrow ranking and Scitovszky "second best'
variations.
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In any event, Mishan argues in favor of first establishing an optimal
traffic flow and then imputing returns to the transport investments. A part
of his conclusion is as follows:

"It is possible, therefore, that an initial optimal traffic
flow might reveal no economic case for traffic investment
whereas failure to establish this optimal flow would allow
traffic to pile up congestion costs and would consequently
enable investment to appear profitable, in effect, by re-
ducing excess %raffic costs that were not warranted in the
first place."l’

A similar argument was presented earlier, in 1960, by Hirshleifer,

16
et al. There, too, it was argued that market processes establish the
criteria necessary to determine whether existing resources are being used
efficiently, The market processcriterion is that "the marginal value in use
(price willingly paid) for the products of an enterprise must equal] the
marginal cost," (representing the value which customers and producers place
on the resources used in producing one more unit of output in the enter-
priSe).l7 Hirshleifer maintained that public construction of uneconomic pro-
jects was encouraged by using artificial allocation processes. The argu-
ments used to justify uneconomic public investments are rationalizations
which really only acknowledge the existence of structural artificialities.
These structural defects are perpetuated by the allocation processes which
ignore the '"price = marginal cost" market criterion. Cursory treatment of

such problems as market imperfections, divergences between private and social

costs, private market undervaluation of collective goods, and the impaet of

15. Mishan, op. cit., p. 280.

16. Jack Hirshleifer, et al., Water Supply: Economics, Technology and
Policy (Chicago: University of Chicago Press for the RAND Corp., 1960).

17. 1Ivid., pp. 56-58.
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employment policies are representative of failures to apply appropriate cri-
teria, which go far beyond defects in the pricing mechanism per gg.la

Mishan and Hirshleifer together imply that it is not possible to make
any judgment about economic feasibility of a project (i.e., increase in
supply) unless existing resources are allocated according to market criteria.
Thus, the first task of an analysis is to determine the efficient alloca-
tion of existing supply. If "economic shortages" are found to exist, then
increased capacity is warranted:

. . . an increment to capacity is justified if marginal
value in use (the value consumers would pay for an addi-

tional unit) exceeds long-run marginal cost (the cost in-
curred, per unit, on account of the incremental expansion

).n19

Hirshleifer's treatment of spillovers is similar to McKean's, althou¢h
he argues that intangible effects should be ignored because their valuation
and interpretation are arbitrarily deceptive. The array of benefit-cost
analyses would show alternative present worth conclusions depending on vary-
ing the interest rates as well as the assumptions about the project's life,
initial and continuing costs of alternative projects, and patterns of in-
terdependent projects. By measuring only incremental and relevant monetary
berefits and costs, Hirshleifer argues that the analysis can provide the
basis for efficient resource allocation.

Several possible conclusions may be drawn from these arguments. First,
if in the analysis one chooses to use benefit-cost methods prospectively,
then it is required by economic logic to establish or impute optimal condi-
tions (price = marginal costs) at the start and for the total realm of what-

ever level of project analysis is involved. Alternatively, if one chooses

18. 1Ibid., pp. 78 ff.
19. Ibid., p. 115.
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to use benefit-cost as one of many analytical inputs into a larger systemic
or modeled study, then it should be recognized that a descriptive (rather
than normative or optimality-seeking) approach is being used. The model(s)
would be used to simulate, as much as possible, the many interrelated and
redistributional effects which are operating on all aspects of a given pro-
ject's realm--simultaneously, often irregularly, and perhaps on a scale
which may be estimated only roughly. Benefit-cost analysis then is used
incrementally, to evaluate each assumption or component of the model on its
own merits and to advise the analyst of how and where effects are impacting
on the system's operations.

This retrospective use of benefit-cost analysis, as an adjunct to
more comprehensive prospective analyses, is the alternate approach tested

here.
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V. Ex Ante--Ex Post Study of Benefits and Costs

The discussion in the previous section serves to introduce our com-
parisons of expected benefits and costs, associated with a particular pro-
Ject, to actual benefits and costs after completion. The analysis is de-
signed to provide inputs for continuing re-evaluation of the changing
effects associated with a project. 1t will assist in explaining divergeuc::.
which may exist between ex ante estimated and ex post actual benefits and
costs. In the process, we are also developing findings which may assist
transportation analysts and others in the planning process.

A section of the Santa Ana Freeway in Los Angeles County was selected
as a test site for the following reascns:

a. The Los Angeles to Santa Ana route covers an area of dramatic growth,
such that there seemed little doubt initially that significant benefits
would accrue to users and contiguous areas. The question to be examined is
whether our alternative approach is sensitive to the many range of effects
of and associated with freeway construction.

b. The freeway itself is a diagonal connector for two major communities
(Los Angeles and Santa Ana), while the overall transportation system is a
general rectilinear grid connecting many nodes. The approach thus can be
applied to a project where benefits and costs were expected to exist in a
relatively well-defined market area.

c. The early planning and development data are extensive. The project, re-
port has been described as '"'one of the most comprehensive," providing "a

complete picture of the present status of this freeway and . . . future



plans for the full develoment."ao Several special task force reports and
corridor impact studies are available for the period projected. Thus,
there is the opportunity to compare anticipation and outcomes.

d. The freeway has reached a watershed in terms of standard benefit-cost
comparisons. Currently, plans are being developed for expansion, "double-

"

decking,” and other service and capacity improvements. Thus, our evalua-
tion may provide some insights for present planning efforts.

The Santa Ana Freeway, at its full length of 31.7 miles, extended
from the Los Angeles Civic Center to a route junction directly south of
Santa Ana. The freeway project was planned to replace the 2, 3, and 4 lane
parkway route which covered 33.77 miles along Los Angeles and Orange County
Routes 2, 166, and 174. The new link was included in the 1946 Expressway
System report recommendations ("Interregional, Regional, Metropolitan Park-
ways") presented to the Collier Committee by the Los Angeles Parkway Engi-
neering Committee. Project planning was completed by 1948, with 1947-1967
the benefit-cost projection period. Freeway agreements with traversed com-
munities were finalized during the late 1930's and early-1940's. Initial
construction was estimated to be completed by 1952, and most construction
completed by 195u4.

The territory into which the project entered was varied along its

northwest to southeast axis, as described in the planning rtspori:..?l

20. District VII Project Report, Santa Ana Parkway (PR-VII-11l) (Los
Angeles: California Department of Public Works, Division of Highways,
January 1948), hereafter SAP Report, cover letter from J. W. Vickrey,
California Department of Public Works Engineer (March 2, 1948).

21. SAP Report, pp. 3-5.
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--East Los Angeles: "an area of substandard dwellings, small indus-
tries and several housing projects" and "congested residential" property;

-=Commerce, including edges of Bell Gardens (on the south) and Monte-
bello (on the north side of the freeway): "a partially developed but poten-
tial industrial area'’;

-=-Downey and Norwalk (south) and Pico Rivera and Sante Fe Springs
(north) as far as Rosecrans Avernue: '"largely devoted to citrus oranges and
general agriculture';

--Cerritos (south) and La Mirada (north) as far as the Orange County
line: ‘"partially developed rural farm land."

The pre-existing arteries were described as deficient in terms of
highway capacity, safety and aligmment standards. The primary benefits to
be garnered from the freeway project were the anticipated reductions in the
existing parkway's congestion, traffic delay, accidents and fatality expe-
riences.

Preservation of the then-existing parkway investment provided savings
by permitting some of the old highway to be used as frontage road and the
existing right-of—way'and pavement resources to be incorporated in various
development phases. Increased maintenance costs of the larger freeway facil-
ities were anticipated.

Additionally, benefits were expected to accrue in the form of en-
couraging the development of the area. This development included "the urban
and suburban residential developments for persons working in and commuting

w22

to and from the Los Angeles Metropolitan area. In addition, the planning

22. 1bid., p. 24.
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anticipated "increased industrial growth . . . accompanied by large residen-
t1al developments in adjacent and desirable areas [to the southeast of the
City] @3 me assumption that residential and industrial growth along a
cont rofed route are a form of benefit goes to the center of our earlier
discussion. The location along a new highway may represent merely a shift
of establishments or activities from other less favored areas. The effect
of the viban transportation investment then would be to redistribute activ-
ities spatially (e.g. from central cities to suburbs). In part, such shifts
in location may be amplified by the existence of a pricing system which
foils to iacorporate social costs of congestion associated with relocation.
Of course, even with pricing including private plus social costs, some resi-
dent.s or producers may relocate and obtain a comparative advantage. 1In retro-
speci, it will be somewhat difficult to distinguish between these two types
of situutlions,

''me expectatiocns of benefits and costs of the Santa Ana Freeway in-
veestucal ore adaptable to the three components of our alternative approach:
wsers' lyavel time, highway commodity savings and costs, and investment/
devel jvent "benefits and costs." In reconstructing a full ex ante benefit-
cost »anrlvgis, all assumptions of the original need to be incorporated.

One iora of an incremental, recursive benefit-cost methodology is described

below, using the Santa Ana Freeway as an experimental laboratory.

1.2, Thme Value Savings for Users
Users of the freeway were expected to benefit from reduced distance,
congestion, and delay once the new route was available. Their valuation of

Lime savings can be described generally by the following formula:

23. Loc. cit.
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Dg
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ings in time are equal to the anmualized time savings in vehicle miles, per

where total user benefits accruing from sav-

average vehicle trip, for an average wage earner based on given assumptions
about the wage rate and occupancy of vehicles. Specifically,

Y = value of time savings benefits

Dg= distances saved with versus without freeway project

Ss= miles per hour saved with versus without freeway project

T = average daily trips or peak hour volume

W = hourly wage rate value of time

« = conversion factor for annualized basis (e.g., 8 hour average work

day, 250 average workdays per year).

Over the total projection period (n), savings for users will equal

n n Dg.
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where the annual conversion factor («) includes alternate discount rates to
transform savings into their 1947 present values (based on alternate interest
rate assumptions). Data on the value to highway users provide the basis for
determining what is happening in the post-development stage and how the ex-
periences compare with what was expected. When divergences occur, several
explanations can be investigated. The range of variables whose parameters
might change over time include at least the following:

1. alternate interest rate assumptions for present value calculations;

2. greater than anticipated induced traffic, resulting in declines
in speed and increases in congestion delay;

3. different speed and traffic volume characteristics for areas

where bottlenecks are expected or where ramp metering is applied;
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4, different peak hour volume estimates, such as when staggered work
hour experiments are undertaken;

5. greater or lower estimates of the number of wage earners per
vehicle, such as when car pooling experiments are tested or when the pur-
chase of single~-commuter-occupied vehicles increases with increased area
incomes;

6. changes in passenger versus truck proportionate shares and the
special user savings available with higher occupancy bus utilization; and

7. different projected wage rates and specific variable wage rates
for freeway sections where user profiles can be constructed in more detail.

Graphically, Figure Al represents the anticipated passenger and truck
savings projections tending towards a stable relationship over the project
period. Figure A2 indicates uniform overestimates actually occurred which
might indicate assumptions (1) and (2) no longer reflect users' experiences.

Figure A, indicates irregular effects pointing to possible miscalculations

3

suggested by assumptions (3) through (5). Figure A would imply special ef-

y
fects on passenger vehicle users only, rather than on all traffic, and that

assumptions (6) and (7) need re-evaluation.

: Ay : A2
Expected Lassanger (P) Actual
User User
Benefits Truck (T) Benefits (P)
Per Annum Per Annum (T}
Years Years "
$ A,
Actual Actual
User User .
Benefits Benefits

Par Annum Per Annum
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In this form, the benefit-cost analysis becomes a device for project-
ing the scale of errors or savings losses which can result from misesti-
mating the project's impact on highway users' time values. The interrelated
impact of several assumptions can be measured internally by reference to
some optimal traffic flow (e.g. Al)’ leaving aside compariscns with con-
struction and maintenance costs. Further, this format requires that the
analysis incorporate sections of a freeway link in terms of the users'
economic values. The analysis must consider whether the area's income is
sufficient to permit users to choose freely among alternate routes. The
analysis must specify the range of assumptions about population and traffic
growth and vhere they are expected to occur. Aversion to bottlenecks, ramp
metering or heavy truck traffic areas or diversion from alternate routes or
bus lines present a more meaningful introduction to the population being
serviced, when defined in time savings terms, than when lumped into vehicle
mile aggregates.

1.B. Time Value Savings for Users: Santa Ana Freeway Test

The test results for expected and actual users' benefits on the Santa
Ana Freeway relate to an exceptionally dynamic area. The approach makes no
apologies for the fact that hindsight usually is clearer than foresight.

The 1947 projection efforts cannot be criticized on the basis of these re-
sults alone. However, the tests do indicate that continuing, recursive use
of the benefit-cost analysis throughout a project's life may show when and
where changes occur. By using the three separate presentations of quantifi-
able benefit-cost streams, decision makers can examine likely reasons why
deviations from projected trends occur, and they may take corrective action

if this is advisable.
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The tests compared the projected assumptions with actual data, using
the same methodology for the before and after period. The ex ante value of
time savings were calculated using assumptions adapted from the SAP Report
and 1947-base data. Figure B summarizes the user-value stream (for pas-
senger vehicles only) generated by the initial expectations:

a. Traffic volumes were projected to increase at a normal rate of
15% over the first five years, 10% over the next ten years, and 15% over the
next five years.

b. Speed savings would increase from 10 to 15 miles per hour over
the first six years, peak at 15 mph for the next eight years, decline to
1O mph over the next six years, and hold at 10 mph for the remainder.

c. For the 88.5% share of traffic apportioned to passenger vehicles,
value of time was estimated at 70% of the prevailing hourly wage rate for
manufacturing employees,

d. For the 11.5% truck share, value was 100% of the prevailing
hourly wage rate fqr drivers,

e, Real wages were projected to increase at two percent per year.

f. AdJustments for time preference and risk were made using present
value factors for 2%, 3%, and 4% to represent a low, medium, and high
range, respectively.

Figure C presents the test results which would have occurred had the
analysis used the same approach, but modified the calculations each year
using updated information. (Passenger-vehicle data are presented. See
Technical Appendix for supporting data on all tests.)

The six listed items can be varied independently. Additionally,

alternative base year assumptions can be used to introduce variations in
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different traffic categories or patterns. Peak hour base traffic could be
projected, rather than using average daily traffic volumes, to determine the
relative importance of twice daily commutation vis-a-vis gross utilization.
Vacation and recreational traffic relative to home-to-work traffic could be
projected to compare the importance of each for the impact areas' inter-
connecting community of interest. Bi-directional and uni-directional flows
could be evaluated separately to emphasize either the special access points
available for northwest- versus southeast-bound users or to help anticipate
particular directional bottlenecks. The passenger-truck shares and the dis-
count rate assumptions were left unchanged in the ex post analysis, since
they appeared reasonable over the full period. Actual traffic and area
wage rate changes produced significant divergences each year. The resulting
passenger valuation data indicate it is possible to anticipate and analyze
development along a project route by examining the changing value which the
area's resident-commuters associate with the route.

The critical variable affecting users' valuation is the high volume
of traffic growth in excess of anticipated levels--traffic was induced by
the development of the area which in turn was related to the freeway's exis-
tence and a price which took no account of congestion costs. Actual users'
values peaked six years before anticipated, at only two-thirds of the total
expected level of savings. The 1951-1953 plateau represents the "interrup-
tive" influence of construction on the progression of time and speed sav-
ings. The 1955 peak marks the freeway's completion to the Orange County
line. Throughout the late 1950'g,the freeway's "first generation" impact
was occurring. By 1957 actual speed "savings" disappeared, due to increased

traffic and congestion. By mid-1960 the user savings that were "accumulations"
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over the early years were lost, as "losses" began to be incurred at an ever-
increasing rate. Each increase meant users were starting to "pay" more in
time-price equivalents than they had "received," cumulatively, up to that
point in time. The 1959-1961 period showed a slightly lower rate of increase
in the time-price equivalents users were paying. This evidently reflects

the impact of some widening on selected links of the project just prior to
full extension to Santa Ana in 1958. (Data presented in the insert, Figure
Cl shows similar slackening effects when an off-peak-hour travel program was
initiated mid-1960.)

It is not intended, here, to assert or deny that users'time value
savings "cover" any costs--construction or maintenance--since we examine
only the divergence between anticipated and actual results. Essentially,
the tests indicate only that the actual growth, income and price increases
are significantly greater than anticipated. FPFurther, the methodology does
provide a degree of sensitivity to these developments and encourages analysis
of factors underlying the induced traffic volume levels as well as incorpo-
rating such exogenous factors as income and aggregate population growth in

the region.

1.C. Evaluation of Ex Ante-Ex Post Divergences in Users'Time Savings

There are several plausible reasons for these developments which may
be examined. We shall look at four effects in particular: (1) Income
effect; (2) Price effect; (3) Population growth effects; and (4) Redistribu-
tion effects. These effects, of course, are intertwined, but for purposes
of exposition we can separate them.

Assume for the moment that some general increase in income was expe-

rienced in southern California independent of changes in the quality of the



transport system. One would expect the following effects to occur. Rising
incomes translate into a strong appetite to consume more land and housing.
Suburbs are opportunity areas for translating this appetite into effective
demand, Together with the consumption of more land and housing one finds
that vehicle ownership rises, and the number and length of trips increase,
Thus, some portion of the unanticipated increase in traffic on the Santa
Ana Freeway appears to be associated with income expansion. Simply put,
consumers were willing to trade higher costs of travel in order to enjoy the
benafits of more land and housing in the suburbs. It is a general problem
that this effect might have been forecasted improperly. Heavier utilization
of the highway and road transport system would have been experienced as a
result of higher incomes with or without the freeways. Trip costs probably
would have risen even more sharply without the freeways, but consumers might
have curtailed somewhat their exuberance for residential locations in the
suburbs., However, the ownership and use of automobiles were enhanced sub-
stantially with rising incomes.

The urban growth of southern California which was associated primarily
with migration may be assumed to be independent of the development of free-
vays. Mass migration into the region,well bhefore limited access highways
left their mark, may be evidence in support of this assumption. However,
migration did respond to the opportunity for earning higher income, and thus
it is confounded with the income effects. Assuming income constant for the
moment, it seems reasonable to say that a more compact form of urban develop-
ment and population growth would have taken place in the region without the
improvements in the transport system. Nevertheless, some indeterminate

amount of growth at the urban fringe would have occurred in any event, and



trips to central areas would have increased. A portion of this growth prob-
ably was included in the original assumption of an erosion in travel time
savings over the years after the Santa Ana Freeway development was completed.
The question that arises is whether sufficient allowances were made for in-
creages in travel demand as population grew, given some rate of auto owner-
ship and utilization above a certain level of income.

The price effect results from the initial decline in trip costs.,
Apart from any redistribution in the location of people and activities,
such a decline would occur when any nomubiquitous investments are made in
a single major freeway. Assuming an elastic demand, the reduced trip costs
will induce an increase in the number of trips. Breadwinners will be will-
ing to take jobs at greater distances from their homes; public transit users
will be induced to shift from this mode to automobiles; workers who formerly
shared rides will now use their own vehicles; and so on. Especially if trips
are not priced at marginal social costs, the induced demand will be consid-
erable, and congestion costs will rise.

The population redistribution effect of higher incomes, discussed
above, can now be examined in terms of price changes. Since freeway invest-
ment reduces trip costs, it will induce some consumers and producers to shift
their location into the corridor which the freeway serves. This will occur
even if incomes remain constant and the population does not grow. Assume
two locations are equidistant from some central place and that only one is
served by a freeway. Some consumers and producers will move to the area
served by the freeway. Also, of course, the margin of development will be
pushed outward in the process, and land will be transferred to urban uses.

Eventually, the lowered trip costs may be eroded and partially translated
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into higher property values. A new price-quantity equilibrium is established
which is different from the initial stage. However, in the process, the ac-
tual number of trips on the freeway will have risen substantially and pos-
8ibly far above expectations if this effect was not modeled initially. Again,
socially subsidized reductions in trip costs will tend to reinforce the ten-
dency to relocate. The possibility cannot be ignored that consumers and pro-
ducers maintain excessively high expectations of travel cost savings in areas
served by the freeway and may continue to relocate in the corridor beyond some
equilibrium point. In the long run, however, this will not be a stable solu-
tion.

The various effects examined briefly can be placed in the context of
our finding of rapidly eroding user "benefits" on the Santa Ana Freeway.
The combination of rising income and population contributed to an increasing
demand for trips on all segments of the Los Angeles transport system. The
implications of these developments were increasing ownership and utiliza-
tion of the automobile. The pre-existing highway system would have been
taxed more heavily if no freeways had been built. However, the rate of car
ownership and use probably would have been checked, because the margin of
urban development would not have moved outward at the speed it did. Presum-
ably, the physical distance between places of work, residence and related
facilities also would have been decreased.

In the case of the price effect, the situation is somewhat clearer.
In the first instance, the Santa Ana Freeway reduced the price of trips along
the travel corridor. As a result, traffic volume increased for the popula-
tions already living in the area because additional traffic was drawn to the

corridor by the initial relative advantage in travel costs. The substantial
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gap between expected and realized travel time savings partly has its origins
in the redistribution of people and job-creating facilities around the free-
way on formerly open land. Underpricing of trips in comparison to alterna-
tive modes stimulated demand for trips and eventually precluded the alterna-
tives. This is very similar to the Mishan phenomenon described earlier where
it was not feasible to return to the status quo.

To argue only that travel time savings on the Santa Ana Freeway soon
ware translated into travel time losses ignores the question of what travel
time in the long run might have been on the pre-existing highways. Answers
to this question are pure conjecture. Conceptually, however, it is one thing
to say that transportation investments by themselves are worthwhile because
they contribute positively to economic development by reducing real travel
costs, It is quite another thing to say that such investments are designed
to relieve sharply increasing congestion costs on a transport system which
will exist whether or not incremental investments are made. In public de-
bates transportation planners and decision makers often streas the latter
point and predict disasters unless the costs of investments are incurred.
Yet, the analytical tool emphasizes positive benefits to economic and social
development rather than the maintenance of some level of benefits in the
transport system.

The lack of reliable data in our test area made it impossible to ex-
amine in isolation the impact of each of the effects described. However,
the discussion may be relevant to transport decision making. In preparing
analyses of prospective transportation systems investments, it may be well
to distinguish between those elements which are designed to serve a growing

population with higher anticipated incomes and more trip generation as
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contrasted to those elements which are directly related to prices on exist-

ing and prospective systems.

2.A, Highway Commodity Savings and Costs

The second element to be tested is referred to, here, as the "high-
way commodity component." Unlike more familiar approaches, which combine
vehicle operating costs or savings with time savings, our tests seek to de-
termine whether the disaggregated operating costs c%n provide analytical in-
sights when used in an ex post-ex ante comparison. ;The time savings compo-
nent, as discussed above, is yelated directly to thg subject project and the
traffic generated by its market area population. However, variable and fixed
costs required to operate a vehicle depend on a variety of factors or com-
modities which are purchased in market places distinct from the single free-
way project considered. Operating costs are the out-of-pocket unit costs
related to the performance of a vehicle. As such, they vary with the quality
of highway maintenance operat:ons. A portion of theg fixed and variable
costs may go directly to cover some highway maintenance costs, such as
through taxes, insurance and registration fees.

When the savings in operating costs of vehicles exceed the costs of
operating the route, the resulting net benefit would consist of several
elements:

a. the owner's reduction in the purchase of ancillary services re-
quired by a transportation system's organization and operation (e.g. gas,
tires, etc.);

b. a lower rate of depreciation on vehicles; and/or

c. & higher rate of return on invested capital to the owner.
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However, available unit operating cost data reflect, Jointly and in-
distinguishably, the power performance of hypothetical average vehicles, the
variable quality of all routes traveled, and the varying driving habits of
a population of users (which may not be the users within the project's
region). In addition, it is not possible to determine whether an individual's
tax dollars are returned to him in the highway services he uses or whether
they are returned elsewhere in the overall transportation program's services.
Finally, there is little evidence to indicate that users purchase vehicles
with the expectation of recovering a fixed percentage each year on their
capital invested.

The allocation of available net benefits to these elements is, there-
fore, of necessity, an arbitrary conclusion of the analysis. Likewise,
when route maintenance operations and costs exceed vehicle operating cost
savings, the net losses can be allocated only on the basis of assumptions
about ancillary service accournts or the vehicle as a capital or depreciating
investment.

However, the expected relationship between vehicle and project oper-
ating costs and benefits can be used as a standard to which actual experi-
ence can be compared.

The relationship between estimated highway cammodity benefits (vehicle
operating savings) and costs (roadway maintenance expenses) can be described

by the following formula:

A(Ui-viom) B A(M-'.m)

(vor vorm) 7 P (Moe m)
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Each year (i) after the base year (o), the incremental unit savings per
vehicle mile (U, expanded by the total vehicle-miles of the project; i.e.,
V, traffic volume, times m, the project length in miles) holds some fixed
relationship (P) to the incremental cost to maintain the highway (where M =
maintenance cost per mile expanded by m, the project length in miles). If
p > 1 net vehicle operating savings exceed highway maintenance costs, while
if p < 1 the reverse is true. The value of P is given by virtue of the
decision maker's selection of the route (i.e., the "go" decision) and ac-
ceptance of the relationship between maintenance costs and traffic volumes.
If one includes the construction costs required, over the project life, to
widen and/or alter the freeway, different relationships result (i.e., lower
B -values). Thus, it is possible to compare the change in users' vehicle
operating savings resulting from maintenance expenditures and other physical
investments made at the margin to improve the quality of the route. Adding
this second variable (and dividing through by m, since the miles over the
study project are unchanged), the new formula is:

n A(W°VJ " (‘”i"li’

i’:i = B i§1 ("o’lo)

(U°° Vo)

where 1 = the additional construction, widening, signalization, or other in-

vestments required over time.

The ratio of vehicle operating to maintenance plus additional costs
per mile will depend on the traffic volumes (V). The format which we follow
allows the analyst to project expected volumes and their associated vehicle
running savings and incremental investment levels over the total period.

Higher or lower actual induced traffic volumes will alter maintenance and
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other expenditures requirements. The relationship indicates at what point
divergences begin to occur.

Graphically, Curve "a" in Figure D would indicate that more users
were recaping vehicle operating cost savings at a less than proportionate
increase in incremental costs. Curve '"b" would represent excessive expensecs

occasioned by increased traffic with no proportionate sharing in operating
i
cost savings.

Figure D

Expected and Actual Highway Commadity
Savings and Costs Relationships

Vehicle

Operating
Savings

Maintenance
Costs

Study Period (Years)

8 12
Study Period (Years)

The timing (e.g., at year 8 o; at year 12), direction ("a" or "b"), and
degree (shaded area below projected normal trend) of diverpmence from the ex-
pected trend line provide measures useful in evaluaﬁing the freeway's dy-
namic effects. It permits one to anticipate likely divergences by cempeldling:

examination of the causes of variances from the projection.
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2.B. Highway Commodity Savings and Costs: Santa Ana Freeway Test.

Since the highway commodity component was not used in 1947, Figure
¥ is a hypothetical presentation of the SAP assumptions, with the following
adjustments:

a. Maintenance costs in 1947 dollars were estimated initially at
$2500 per mile.

b. Savings were projected to increase from $0.097 to $0.100 per
vehicle-mile eventually returning to $0.097 over the period, reflecting a
peaking and leveling-off of auto efficiency and highway quality. (Oper-
ating cost savings may be an underestimation of actual 1947 vehicle commod-
ity savings potential, since estimates as high as $q.125 have been made
for California in 1951. However, the same base was:Lsed for both ex ante
and ex post tests.)

¢, Traffic volumes and price indices were the same as used in the
users' valuation calculations.

Figure F shows the results of using actual information incrementally.
The ex post comparisons of vehicle savings and highway expenditures indi-
cate trends similar to the users' valuation results. Again, the savings
peaked soon after construction was completed, with a decline following there-
after and extensive investment being incurred by the early 1960's. Beginning
in late-1966 users began to "pay out," in annual operating loss equivalents,
sums which were greater than that required to cover annual maintenance costs.
These "losses" are attributable to greater fuel and oil consumption, more
frequent maintenance and repair costs and faster depreciation rates associ-
ated with stop-and-go congested highway use. These in turn are caused in

part by induced traffic--increased demand over and above "normal" anticipated
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Figure E. Projected Highway Commodity Savimgs and Costs Relationship, 1947-1967
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Figure Y. Actual [lighway Commodity Savinas and Costs
Relationship, 1917-1967
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traffic volumes--resulting from the rapid development in surrounding areas.
Also these "losses" result from the aggregate growth in the region of in-
come and population as well as absolute and relative increases in vehicle
ownership, operation and congestion. Again, the "losses" must be placed in
juxtaposition to the situation without the freeways where vehicle operating
costs most probably would have risen in any case. However, the system of
pricing which occasions inordinate utilization of freeways also is of major

importance in this context.

2.C. Evaluation of Ex Ante-Ex Post Divergences in the Highway Commodity
Relationships !

Two important issues arise in evaluating the Ehanges in highway com-
modity relationships. The first is the diversity of factors affecting the
three variables themselves (i.e., vehicle operating costs/savings, mainten-
ance costs, and incremental investments). The second is the question of
whether the latter two expend:tures serve only the current users (i.e., the
users reaping vehicle operatirg savings).

Examination of the growth, redistribution, income and price effects
helped explain what differentiated the ex ante projection and ex post re-
vised analyses of users' time valuation. Many elements of the earlier dis-
cussion are relevant to this second test because the highway commodity rela-
tionships represent an alternative way of conceptualizing the diverse im-

. pacts occurring about any freeway. While the first test provided insight
into population settlement and income effects especially, the second test
provides more information on the price effects involved. Specifically, the

relationship depends upon the prices of factors which determine wvehicle

operating costs and highway operating and physical investment costs. Even
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more important, the factor inputs have their prices determined in market-
places outside of the corridor being studied. In effect, the measurements
represent influences outside of any one particular freeway. This especially
is true of wvehicle operating costs, and conditionally true of maintenance
and investment costs.,

Average unit costs for vehicle operations have been derived from
nationwide or statewide experimental studies. These were applied to the
average daily traffic volumes on the Santa Ana Freeway between 1947 and
1967. One apparent conclusion from the ex post analysis is that reductions
in operating efficiencies resulted, i.e., "losses" were incurred. Part of
the explanation may be in the growth effects since the freeway's congestion
probably produced higher average gas and oil consumption and greater auto
maintenance expenditures for vehicle owners. Additionally, the changing de-
sign of vehicles over the period must be considered: increasingly larger
engines require higher octane fuel; lighter body materials incur greater
damage at the same or lower impact speeds; rapid rates of new car purchases
imply faster rates of depreciation; and greater average trip distances per
person mean more wear and tear for the same ownership period. These factors
represent the price of overall vehicle operations on all highways, rather
than simply of travel on the Santa Ana Freeway.

If rising vehicle operating costs were the sole explination for the
"losses," it might be possible to say that consumers were paying--willingly
and simply--the appropriate price for all they desire from vehicle owner-
ship: speed, power, frills, mobility, etc. However, another important ef-
fect in this test resulted from the rapid increase in maintenance cost

trends. Maintenance costs, including labor, materials, equipment and



overhead, nearly doubled over the 20 year period. This is the part of the
"losses" over which consumers had no control.

There is a question of whether rising maintenance costs were control-
lable at all. The late 1960's did evidence a reduction in the rate of in-
crease of the cost trend., This possibly may reflect budget tightening, or
a stabilized level of maintenance for the Santa Ana Freeway, or a propensity
to invest in small improvements which did not generate proportionate in-
creases in maintenance réquirements (or which may have economized on main-
tenance expenditures).

Over the life of the project, however, maintenance and improvement
costs together represent the supply-demand relationships in the factor in-
put marketplaces. Highway construction and operatiops require relatively
specialized factor inputs (trained labor, special materials and equipment).
The prices in the factor marketplaces thus reflect the competition among
suppliers to meet the demand cf highway development. The prices in these
marketplaces may reflect the generative influence of the particular freeway
since nearby suppliers and workers are subject to th same growth and income
affects that users incurred in their time valuation. It is more likely that
a program of freeway system construction and operations will be the signifi-
cant force--increasing the demand for factor inputs, encouraging a rising
supply, and resulting in higher factor prices. 1In a regional or statewide
context the "total enviromment" of a developing trangyportation system im-
plies a significant incentive for expansion of these supporting or factor
markets,

A great deal of work needs to be done in this area of program demand-

inducement of supply. The more specific question is how might transportation
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systems be inducing volume and price expansion in factor supply markets?
Usually, it is assumed that public investment in highways or transportation
systems are a form of subsidy for a decreasing cost "industry." That is,
private enterprise normally would be deterred from undertaking such invest-
ments or would be willing to do so only under monopoly pricing circumstances--
neither option being desirable from society's point of view. However, once
public auspices sponsor such investments, indirectly a subsidy results for
all those marketplaces which provide the factor imputs required to sustain
transportation system production.

This becomes more important when considering the rate of incremental
investment in physical construction. Traditionally, benefit-cost analyses
compare projected savings to a fixed initial investﬂent sum and assume no
other expenditures will be required. Widenings or glterations are inevit-
able, even under the best projections of traffic grcwth and development.

If individual benefit-cost analyses are made for each alteration, they usu-
ally are made on the assumption that all prior invegtments are sunk costs.
Thus, the incremental efficiency of the total system's investment seldom is
examined, It is possible that the added investments made between 1958 and
1962 were of the sort which--because factor or supply marketplaces were be-
ing subsidized-~tended to increase the prices of lator, materials and equip-
ment required for highway construction. Thus, subsequent physical invest-
ments (in 1965-1967) were made at the higher prices which were generated by
earlier, subsidized demand for the factor inputs. The "losses" are indica-
tive of the scale of effects which are accruing to the Santa Ana Freeway,
but which result from price increases in diverse marketplaces largely out-

side the Los Angeles-Santa Ana corridor study area.



The second important issue raises the question of whether the Santa
Ans Freeway maintenance and alterations investments only serve the current
users. In other words, is there some "without the freeway" standard of
maintenance and alterations investment expenditures to which one might com-
pare actual costs? Alternatively, if freeways are copnstructed as an effec-
tive substitute for surface streets, might a portion of these higher main-
tenance and added investments be compensated for by lower costs on non-
freeway, access streets within the corridor?

The "without the freewgy" hypothetical world was discussed earlier:
possibly a more compact settlement pattern and shorter average trips, per-
haps lower rates of auto ownership and utilization relative to incomes,
probably a greater burden on the pre-existing highway network. Again, we
can only surmise what the trade-offs among these might be and what would be
the final impact on the level of maintenance and additional expenditures for
the pre-existing network.

However, freeway and surface street comparisoas are critical for
decision makers. Rather than being mutually exclusive networks, freeway
and surface street systems are highly interdependent. Thus, the question
arises whether higher freeway expenditures may represent cost savings for
surface streets due to tﬁe diversion of traffic from: the pre-existing sys-
tem. This is a transfer of sqrts, but one which is measurable. Essentially
it requires a test of whether real cost savings are occurring or whether a
deferral of maintenance and alterations investments are resulting from
higher freeway expenditures,

The second test approach provides a workable framework in which to

examine relative efficiencies of freeway and surface street expenditures,
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relative to their respective wvehicle operating savings, within a given cor-
ridor. Data limitations militated against an effective test here, but hope-
fully resources will become available to undertake this type of inter-net-
work analysis in the future.

All levels or generations of transportation systems are competing
for the same scarce wmoney, land, and other resources. Largely, it has not
been so much a problem of whether complementary or substitutable systems
could be compared, but rather whether sufficient information was available
to be integrated into meaningful analyses of changeg over time. The second
test was attempted in this spirit and represents but an introductory effort

to demonstrate one possible approach.
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Vi. Conclusion

Issues of optimality, efficiency, and econom?' are considered appro-
priate in the ex ante use of benefit-cost analysis. However, the ex post
test results raise some critigal questions about whether these issues con-
timue to be relevant once the investment decision has been made, construc-
tion begun, and project effects generated. 1In 1947 ‘only the projected level
of investment provided any indication of the real scale of resources required
by the highway project we studied--the Santa Ana Freeway. Users' savings
and highway commodity savings~costs reflected the conservative optimism of
the projected vehicle-capacity relationships.

There are other values* aside from those assaciated with traffic or
investment cost, which are influenced by the freeway, and significantly so.
Accident costs and savings, the net losses resulting from removing land from
tax rolls or from displacing residences, and the imputed envirommental ben-
efita and costs should be valued on their own merits rather than in terms
of how well users' time values or highway commodity benefits or costs '"cover"
them. The test results indicate there are weaknesses in estimates which
are dependent primarily on how one projects vehicle-capacity relationships,
regardless of the redistributive and external effects of the project.

One of the primary conglusions of the above tests is that benefit-
cost analysis, when applied to actual experience, incrementally, provides
a broader survey of effects than when applied only in a prospective context.
Furthermore, over the life of a project, each "improvement'--as an attempt
to ameliorate worsening congestion by increasing capacity--may be evaluated

in terms of its own marginal effects.

Using the revised benefit-cost approach only prospectively in current
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project planning would produce results similar to the estimates developed
for the 1947 planning. There is little advantage in its use unless the
analysis examines the project recursively, by evaluating the effects through-~
out the impacted area. All users' outcomes otherwise will be assumed "sunk
costs" of a prior period investment decision. Projected benefits will be
calculated on the basis of time or speed savings which are expected to result
directly from the capacity "improvements."

For same, this may imply a need to restate the users' wvaluation com-~
ponent in broader terms, by including some portion of the value of areawide
development as imputed freeway benefits., However, the alternative argument
is very convincing--that the areawide, external or redistributive effects
should be analyzed in their own value terms. Changing land use configura-
tions reflect economic development--which can be quantified by using market
determined data. Changing configurations also may mean agglomerative econ-
omies or diseconomies, where

. . . assessmente of the costs and benefits of alterna-
tive configurations raise several problemg, not the least
of which would be the determination of which costs and
benefits should be measured, whether to include non-
monetary costs and benefits (and how to weight them),

and whether adjustments should be made for the incidence
of costs (which groups bear them), and the relative
importance of costs and benefits on different interests
and groups."

Our test results for users' time savings/lossas suggest a different
conclusion: the significant "price" being paid implies the more relevant
need to re-evaluate the interre¢lationship between development effects and

traffic volumes. The users who ''pay” and who are served by the facility are

24, James A. Clapp, New Towns and Urban Policy (New York: Dunellen Publish-
ing Co., Imc., 1971), p. 220.




upwards of 120,000 cars a day more than anticipated for the project period.
The price and volumes are significant because the rate and scale of charges
in land use patterns were significant. The error is not in the failure to
incorporate land value changes into the users' wveluation calculus, but
rather the failure to associate increments in development with increm:nts
in the "price" required of users to drive on the facility.

Our test results for the highway commodity relationship suggcest o
possible need to re-evaluate the interrelationships between highway dc:velor -
ment effects and the rising costs associated with increased demand for Ll
factors of freeway expansion. The highway commodity relationship indicatea
the need to investigate price and quantity effects of continued demand for
highway development. The important question is how public works subsidics
reappear later in a project's life (i.e., in the form of more expensive
added physical investments) or impact concurrently on surface street ef-
ficiency.

In trying to explain tihe divergence between sctual and expected user
benefits, it was noted that a series of effects occirred simultaneously ac
the freeway under consideration was developed and put into operation. Cer-
tain of the effects which impacted on the demand for freeway trips can be
treated as exogenous to the freeway development. In particular, we refer
here to the general growth of both income and population in southern Cali-
fornia and to the resulting increase in aggregate de;and for trips. There
probably would have been an increase in the utilization of existing capacity
if no freewnys had been built and assuming the alternative transport mode
had not been strengthened. The critical dilemma emphasized here is that

{
other effects occurred which are traceable directly 'to the freeways.
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Freeway construction initially reduced the effective price of trips
along selected routes. While our tests do not sort out the impact of the
changed price for trips, they do indicate the scale of the impact on the
level of demand. Separate measurement of the erosion of travel time sav-
ings for users of the freeway requires a system of pricing trips explicitly.
The conclusion appears to be that trip prices are too low. Trips are
"underpriced" in the sense that the contribution whijch marginal users make
to congestion is not valued properly. |

Congestion repeatedly has prompted decision makers to consider alter-
native approaches which, theoretically, would establish a traffic flow that
is "petter" than the existing congested situation, even though the optimal
flow might not be attainable. Only implicit and "partial" prices are built
into the alternatives. For example, the location of freeways along selected
routes means that some producers and consumers will experience price advan-
tages, while others--not within access of the route--do not. Similarly,
decisions on the provision of entry and/or exit points along a freeway imply
different effective trip prices for users. Most recently, decisions to
control ingress and egress by ramp metering (signalization) create selec-
tive price adjustments in addition to the pre-existing effects of locational
and access decisions. Potential users face physical constraints rather than
real price competition among glternative routes or locations.

Trips currently are underpriced on freeways, and schemes of implicit
pricing do not function well to induce improved traffic flows since con-
sumers and producers can and do relocate to circumvent constraints imposed.
The relocation or "spread" subsequently generates another level of alter-

natives with the same implicit, rather than explicit, prices. Therefore,



alternatives must be sought to price trips so that the marginal social cost
of trips comes closer to the marginal social price of increased congestion.
Ramp metering and sensing systems which permit congegtion-pricing, actual
charges to users, deserve serious consideration as alternatives to be exam-
ined. The primary advantage of differential pricing on freeways and surface
streets is the explicit valuation of all units supplied. Thus, when a user
selects a route and time of travel in the marketplace, his choice clearly
reflects what the trip is worth to him. With explicit prices, users will
selact alternative routes or times to travel with a clear understanding of
the real trip costs involved, Users' options are expanded through compet-
ing price mechanisms. Society, in turn, can rank incremental investments
in accord with how users explicitly value highway dewvelopment investments.
Several of the authors referred to ea.rlierzs suggested or argued that
explicit pricing was necessary before one could evalnate the relative merits
of alternative investments in expanded capacity. Cwr rently, with no effec-
tive pricing system operative, off-peak travelers' "zavings' may compensate
or cross-subsidize peak hour "losses." Explicit pricing, through actual
charges to users of a freeway, would work primarily to redistribute the peak
hour travelers over a larger band of time. Therefore, the trip costs of
all users would be evened out. In the long run, explicit pricing only on
freeways could reproduce the spme effects described in the evaluation of ex
post-ex ante divergences (i.e., growth, redistributidn, income and price
effects). This might occur in the short run, as traielers switched initially
to the implicit (lower) price system available on surface streets. As more

travelers were diverted, congestion would reappear On surface streets,

25. E.g., Hirshleifer, McKean, Mohring, Coase, Walters, op. cit.
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making off-peak travel on the freeway the more desirable (least expensive)
alternative. In the long run, all systems need to be priced at their total
marginal social costs for redistribution to be efficient.

In anticipation of the long-run trend, the second test emphasized
the need to evaluate the complements to a freeway, the surface streets,
starting at least with comparative analyses of maintenance and added invest-
ment efficiencies. If any link or alternative is priced at less than its
long run total marginal social costs, one or all of the effects must be ex-
pected to occur, Without this basis, there is no simple predictive method
of analysis. The stability of the overall transportation system will be
Jolted by these effects. The first reasonable alternative to simple accep-
tance of such instability is gn incremental, recursive review of disaggre-
gated actual and projected trgnds. The second reasqhable alternative is an
inveatigation of the scale of the full range of effects and the real level
of traffic generated thereby. The long run and inevitable next step may be

same form of system-wide explicit pricing.
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