THE ECONOMICS OF ROAD TRANSPORT

Ph.D. Thesis Submitted to the
Faculty of Graduate Studles and Research

MeGill University

by

Tillo E. Kuhn

August 21, 1957



ACKNOWLEDGEMENTS

The author wishes to express his gratitude to all those who
made it possible for him to carry out this study. He is particularly
indebted to Professor D. B. Marsh, Chairman of the Department of
Economics and Political Science, MbGiil University, for encourage=-
ment and direction throughout his post-graduate work, and to Pro-
fessor J. T. Culliton and Professor E. F. Beach for valuable advice
and assistance during the preparation of this thesis.

The course of study was partly made possible throﬁgh the
generous help rendered by the Canadian Good Roads Association. The
author wishes to express his gratitude to the Board of Directors, to
Col. C. W. Gilchrist, Managing Director and to R. A. Draper, Assis-
| tant Managing Director for their personal interest in the project, as
well as for their permission to use the research and library facilities
of the Association. Generous help and encouragement was also glven by
J. 0. Goodman, General Manager of the Automotive Transport Assoclation
of Ontario.

The author was greatly helped through work on a research pro-
ject in the field of highway economics sponsored by the Ontario Highway
Department. He is greatly indebted to Professor Merritt M. Davis of
the Joint Highway Research Programme and the University of Toronto, as
well as to officials of the Ontario Highway Department for making this
possible.

The influence of G. J. Ponsonby, Sir Ernest Cassel Reader in
Economics, University of London, London School of Economics, who first
introducéd the author to transport economics and particularly inte-

rested him in road problems, will be felt throughout this study.



Special mention is due to Konrad S. Gizbert, Economist, Federal
Department of Transport, who read the manuscript and helped the
author through the difficult months of preparation with valuable

advice.

Tillo E. Kuhn




INTRODUCTORY STATEMENT

Summary

Due to the great increase in motor vehicle traffic, the
provision of highways, roads, streets and bridges has become
a most lmportant function of government at the present time,
Complications arise because the vehicles using the public roads

are privately owned and operated.

In this study a mining company is first assumed, which
endeavours to minimize total transport costs (costs of both
vehicles and private road) and maximize output with different
combinations of factors of production, Next, important economic
principles and procedures are established with the help of a
toll road model, The planning of toll road investment, the
determination of investment priorities, charges, revenues and

costs are analysed in theory and practice.

Finally, highway provision is treated as a government
function. Zconomic principles of road planning and operation,
as well as possible pricing policles, are discussed., The

conclusionsare tested in the light of practical experlence,

Contribution to Knowledge

Possibly the main value of this study lies in its exposition
of all economic aspects of the provision of highway services,
Economic theory and criteria are applied to highway lnvestment

planning, as well as to output, cost and revenue factors, Most

(1)



(Introductory Statement contd.)

other studies appear to put emphasis on pricing problems, with

little attention being given to questions of investment,

More specifically, the consistent application of the
dissimilar charging method to both toll roads and to public
highways, may be regarded as a new approach., The three-dimensional
technique of cost, revenue and output determination, and the
resulting concept of extreme values, have not been used before
in this form as far as is known. It is further believed that
parts of the highway system analysis and the rigorous application
of economic theory to problems of highway pricing policy

constitute contributions to knowledge in this sphere,

Related Work

The author first became iInterested in the economics of road

transport when doing research for an essay entitled The Meaning

and Measurement of Profitability in Regard to Expenditure on Roads,

which won the Lord Rosebery First Prize, 1953, of the University
of London. Subsequently, on behalf of the London School of
Economics, he carried out a speclilal economic investigation of the
nationalized road transport industry in Great Britain, Jjust before

large portions of it were returned to private ownership.

In Canada the author was fortunate enough to gain further
knowledge relating to the thesis subject during his employment
by the Rallway Association of Canada and the Canadian Good Roads
Assoclation., He attended the sessions of the Highway Research
Board in Washington, D.C., in 1955 and 1956 and corresponded
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(Introductory Statement contd.)

over a perlod of years with a number of organizations and
individuals doing work in this field, In 1955 he wrote ' a

historical essay Roads In Canada for the Encyclopedia of

Canada. Early in 1956 he prepared a brief Urban Traffic and

Transportation which formed part of a larger submission of

the Canadian Federation of Mayors and Municipallties to the
Royal Commission on Canada's Economic Prospects. During the
summer of 1956¢§cted as consultant to the Ontario Department
of Highways during its preparation of a long-range plan for

the King's Highway System.

August 21, 1957

Tillo E. Kuhn
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"It was the Vehicle thnt made the Road.
It was the Wheel that made the Vehicle.
But the Wheel having made the Vehicle,
and the Vehicle having made the Road,
the Road reacted back upon that which
made it."

Hilaire Belloc, The Highway
- and_its Vehicles,
London , 1926.

INTRODUCTION

It is the technical function of the road to provide a track over
which traffic can move. Without traffic there need be no road. Thus,
provision of the road is only a means to the end of producing trans-
portatioﬁ service -e.the movement of goods énd persons from place tQ'

: plaée. Yet traffic will flow, and goods and persons can'be méved, only
after the road has been provided.

It should be the economic function of the road, in competition
with other forms of transport, to enable traffic to move from 6ﬁe point
to another at minimum total cost of transportation. The total cost of
transportation per unit‘of traffic,‘allowing for both road and vehicle
costs, will depend onithe volume of traffic. Yet the volume of traffic
isva quantity unknown prior to the prévision of‘the road.

The economist, trying to determine the exact relationship be-
tween road and traffic, will come to the conclusion that both are part
and parcel of one economic function: the production of transportation
service. The highway and the vehicles that travel on it are inextri-
cably bound together Sy technical realities and economic laws to render
one jointly prodﬁced service: fransportation. Unfortunately, the
implications of the essential economic unity of road and vehicle; of
plant and equipment, are sometimes not readily un-“erstood when prac-

tical problems are dealtvwith.



By contrast to road transport, railway companies treat both tracks
and vehicles as one single undertaking, with managerial control common to
both. All financial decisions, whether pertaining to rolling stock or to
tracks, are taken wiﬁhin the same organization. This organization, more-
over, acts strictly according to business principles. The railway company,
within the legal and regulatory framework imposed by the state, endeavours
to maximize profits; it sells to the public, in varying admixtures of
price and quality, the final service produced: transportation. The public
buys the ton-miles or passenger-miles it requires, but is not in the least
concerned with such questions as the financial status of rolling stock
relative to tracks, cost-allocation between the two, and similar internal

rallway problems.

The Dichotomous Nature of Road Transport
The situation 1s entirely different in the field of highway

transport. The responsibility for the provision of the "track" -- the
road, street or highway -- rests normally with the state, whereas the
vehicles which use the track are generally operated and owned by private
individuals and commercial undertakings. The theoretical and practical
difficulties arising out of this divided ownership and managemént of
what technically and economically really could be a joint undertaking,
are numerous.

Private and public interests do not necessarily coincide. With-
out going into a detailed discussion of the problem at this time, we can
say that the state normally renders all those services which are pre-
dominantly subject to social welfare criteria, such as defence, mainte-
nance of law and order, care for the destitute. In a wider sense, the

state will carry out most activities which result in greater social than



private benefits, i.e. functions characterized by the predominance of
external economies or diseconomies. The state may also assume functions
in cases where one single planned decision produces better results than
the sum of individual decisions. Provision of highways, treated as yet
anothér of these general governmental activities, appears prima facie to
be subject to the same criteria.

Private motor transport, and vehicle ownership and operation,
on the other hand, are subject to the most stringent laws of the free
enterprise economy. Competition and business principles normally pre=
vail within ﬁhis‘sphere to the exclusion of altruistic and general
welfare motives.

Inevitably conflicts arise between these two economic philo-
sophies in the realm of roads and road transport. Professor Shorey
Peterson summed up the situation in these words:

"The main economic issues concerning highways seem

to have their root in a vacillating allegiance to

the procedures of typically governmental activities,

on the one hand, and, on the other, to the principles

and standards which operate in the private economy." u-ﬁkit

The economist 1s understandably bewlldered at first, when he
is confronted with the claims and counterclaims, the statements, pro-
posals, denials and rebuttals of the various interested groups within
the private and the public sector. Most of the arguments used are
derived from historical evidence and constitutional precedents, are

motivated by regional, sectional and political claims and are essen- -

& A more detailed treatment of these problems will be found in
Chapter V et seg.

ﬂﬂk(l) This and subsequent source references are listed in the
Appendix.



tially subjective in character; they therefore obscure =-- rather than
shed 1light on -- the basic economic issues of the highway problem.

Accepting the premise that transportation is an economic
activity, subject to the laws which should govern the allocation
of relatively scarce resources among alternative uses, it follows
that an initial effort must be made in any study of road transpor-
tation to understand the economic principles undérlying the highway
problem. Only when the means of objective economic’enquiry have
been exhausted should recourse be taken to subjective argument.

In this way the highway administrators and planners, the civil ser-
vants, the engineers and the elected representatives of the people
who by their votes in parliament or council, or by administrative
Judgment, decide the appropriation of funds for road purposes,
should all be guided by sound economic precepts in their activitiés.
Certainly, there will still remain a range of practical problems,
which in the everyday conduct of affairs cannot be solved except by
subjective decision, but this area of doubt will progressively be
narrowed down as additional knowledge is gained thfough research
and impartial, scientific enquiry.

Under the circumstances the most convenient theoretical
approach to the complex problems of roadsappears to be a study in
the abstract of a simple "road model"., The advantages of this pro-
cedure can best be stated in Schumpeter's words:

"In every scientific venture the thing that comes first
1s Vision. That is to say, before embarking upon
analytic work of any kind we must first single out
the set of phenomena we wish to investigate, and

acquire 'intuitively' a preliminary notion of how they
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hang together or, in other words, of what appear from
our standpoint to be their fundamental properties ....
The total or 'system! of our concepts and of the re-
lations that we establish between them is what we call
a theory or a model." (2)

In our model, which is described on the following pages, both
road and vehicle ownership and operation are vested in one agency.
Thus some of the complications discussed before can be ruled out for
the time being. Once the basic economic laws and relationships have
been determined by means of this "road archetype", they can be applied,
in successive stages, to the more complicated cases of a toll road and

complete road systems operated by public authorities.



I. A SIMPLE ROAD MODEL

We assume that for the specific purposes of one firm, and for
this one firm alone, transportation facilities are requiredvbetween
points A and B. The firm can perhaps be visualized as a mining company
operating at B, in an otherwise unsettled region. The mined ore has to
be taken to A for further processing or for sale. In the reverse
direction the necessary supplies for the mining operations have to be
hauled from A to B. It is further assumed that the magnitude of the
transport task which will have to be performed is known in advance to
the management; in other words: the tonnage which will have to be
hauled over the new route can be predicted for -- say =-- the next 25
years. It is estimated that workable ore deposits at B will be ex-

"¥austed within that time. The mine and with 1t the transport route
will then be abandoned, because they constituté "specific assets" and

cannot be transferred to other uses.

Transportation at Lowest Total True Cost
The management of the mining company is at the outset con-

fronted with the problem whether to choose rail or road transport,
or possibly another medium, for instance haulage by air or by water.
Detailed plans and cost schedules for various projects will be drawn
up. Presupposing rational behaviour on the part of the company the
one particular medium of transportation will be chosen which promises
to perform the given transport task over the given period of time at
the lowest total true cost.

As frequent use of the concept of "total true cost" will be

made throughout this analysis, an explanation of the term is called



for. The individual items which together constitute "total true costs"

are shown in Table 1. The terms used are explained below.

Definition of Terms Used

Fixed and Variable Costs

Fixed costs: all those costs which do not vary with output; output in
our case meaning ton-miles, or tonnage hauled, or some other unit

measuring transportation services rendered.

Variable costs: all those costs which vary with output.

In order to satisfy the economic purist seeking theoretical
perfection it must be pointed out that the classification into "fixed
cost" and "variable cost" items used above is arbitrary. When an
extremely short accounting or planning period is applied, for in-
stance one day, practically all costs become "fixed costs", in the
sense that they do not vary with output and cannot be avoided even if
output is cut down to zero. Iabour costs, normally treated as
"variable costs",rdefinitely become "fixed costs" under this hypo-
thetical one-day aecounting system, provided thé workers are hired
on a daily or weekly contract basis.

Conversely, taking an extremely long-term view, all costs
become "variable costs". When taking the life-span of the most
durable assets as the accounting period, even capital expenditures
on those items become variable costs. Proof: ex ante, at no output
no costs at all will be incurred, as all expenses are still avold-
able. Consequently, for our mining company every single item on

the project cost sheet belongs ex ante to the variable cost category.
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The obvious shortcomings of the fixed and variable cost con-
cepts do not, however, impalr their practical value in some other
contexts. - The application of fixed and variable cost criteria to
the priqing of transport services will Be discussed critically

later.,

Depreciation
Only depreciation on assets lasting at least the projected

25 years, such as permanent structures, tunnels, cuttings, embank-

- ments, will normally have to be charged. Depreciation will be "paigd®
into an amortization_fund by simplé bookkeeping transaction. Allow-
ances for asset replacements becoming necessary during the operational
period would be 1ncluded in the 25-year fixed cost budgét.

The main objective of depreciation is to gradually "unfreeze"
the capital locked up in plant and equipment so that it can be used
for another venture when the earnings potential of the initial project
has been exhausted. In this sense depreciation calls not only for the
full recovery of capital funds, but in addition for reserves to cover
increases in the general price level and rises in the costs of new
equipment due to technological improvementsjﬁ This concept may not
conform to the depreciation rules of the tax collector in the real

world, but it seems to be valid from the point of view of the economist.

ﬂ*h good sxample of depreciation policy which takes into account
technological progress is provided by recent action of Trans-
Canada Air Lines. TCA purchased a number of Super-Constellation
airliners over the years.. The more recent acquisitions are being
depreciated at a much faster rate, to make it possible for the
whole fleet to be written off by the time propeller planes become
obsolete for competitive reasons (introduction of turbine power=-
plants ).



After all, proper economic planning would require that management,
through realistic depreciation allowances, should endeavour to main-"
tain capital "fully intact" -~ in the sense that the reserves are, o
sufficient to finance a new project at today's prices, using today's

methods, and not those of twenty or thirty years ago.

Interest Charges

This cost figure should represent interest on all capital
invested. The true amount can be arrived at only by an elaborate, :
year-by-year calculation, taking into account the rate of interestv ’
held to prevail at the time when investment takes place (and through;:{
out the project period if new capital expenditures are required B
during the 25~year period, or if planned capital outlays can be
distributed over time ).

It is important to note that the load of interest charges
can be "staggered" and thereby reduced. Taking the example of th§ . -
trucks again: 100 vehicles with a life of five years are needed=a§;$€ 
a time; therefore a total of 500 trucks will be purchased, but in:fl 
batches of one hundred vehicles every five years. Consequently__*"
interest charges on an investment of only 100 trucks at a timb}@iiifvﬁ
have to be charged. | B

The lowering of interest charges resulting from tbé;h".
"staggered load of capital investment" may give road transpoft'a[“
considerable cost advantage over the railways with their more .
durable assets; the cost difference will be the greater the higher'f
the prevailing rate of interest. It is easy to see that with this:'“ ‘
inverse correlation between durability and interest payments, the':

rate of interest is essentially a tax on durability.
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Another factor which has an influence on the level of interest
payments is the amortization policy pursued. Take the example of a
completely specific asset «- a tunnel or the like =~ which has no
value at all in alternative uses once the mining and transport
operations are suspended. Supposing this structure is estimated to
cost $100,000. On a straightfline amortization basis over 25 years
4 per cent,or $4,000, will be written off the capital value of this
asset every year; the $4,000 will be paid into a sinking fund or
amortization account and interest would be paid on the diminishing
balance.

Two courses of action can be taken. One possibility is to
repay capital borrowed with the accruing amortization funds. In
this case the second year's principal on which to pay interest
would be reduced to $96,000, the third year's to $92,000, and so on,
until at the end of 25 years both capital debt and interest charges
are reduced to zero.

Alternatively, the sinking fund balances could be invested,
for instance in government bonds, and could themselves earn interest.
Therefore amortization charges amounting to a little less than 4 per
cent will be required. Which course of action will be taken will
depend on the comparative level of interest rates. If, for in-
stance, capital was borrowed at 6 per cent and government bonds
yield only 4 per cent, repayment of principal will be more advan-
tageous.

Quality of Service Considerations

There are other important factors which will influence the
investment decision of the firm. The quality, the speed, the con-

venience and the flexibility of the proposed transport services
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will be compared. The faster the service the lower 1s the wvalue of
goods in transit at any time; this in turn keeps down the interest
charges on inventories -~ leading to definite money savings for the
firm. Other things being equal rosd transport is usually considered
to give service of higher gquality than the railways, beceuse it can
render direct door-to-door transport with consequent smaller damage
or loss of goods in transit. Differences in quality of service --
in practice a most impodrtant factor in a competitive transport
market -- are easily stated in descriptive terms, but it may be
difficult to translate some of them into dollars and cents. The
respective premiums of insurance against loss and damage of goods
in transit, quoted for road and rail transport, might be used for
guidance.

Social and Muisance Costs

Lastly, there is the theoretically elusive group of "social
costs". In the case of our model =-- with the mining company assumed
to operate in an unsettled region and owning all the land -- we are
in the fortunate position of being able to state that in this in-
stance soclal and nulsance costs are at the same time real costs
to the firm. If, for instance, a locomotive emanates sparks and
thus causes a forest fire, the resulting loss would normally be
borne by the cbmmunity as a "social cost" and not be charged to the
transport agency. Similarly with damage, dust and disturbance
caused by road vehicles. In our special case, however, the losses
of timber or general amenities are losses to the mining company
and its employees and to nobody else. Social costs will therefore
certainly be taken into account although it will be difficult to

put them down in money terms.
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Resale and Scrap Value

Finally, from the computed total of all these cost itgmé the
estimated resale and scrap value of plant and equipment at the end
of the 25-year period will be deducted. As regards the railway
plant, rails, ties and other component parts can probably‘be dis~-
mantled easily and used elsewhere or sold as scrap. A highway cannot
be dismantled; once constructed it cannot be transferred to another
geographical location.

However, it can be visualized that the highway will be of
some value even after mining operations have ceased at point B. For
instance, the very existence of the road may lead to an increase in
the economic value of neighbouring forests or resource areas and
hence to their exploitation. A lumber camp, or a base camp for
mining explorations, may be established at B after the mine has
been abandoned. In those cases the highway would command a resale
price.

A priori it is impossible to say whether the highway or the
rallway will have the greater resale and scrap value. Whatever
plant realizes a higher price at the end of the 25-year period,
and hence offers a greater reduction in over-all costs, will have

a competitive advantage in that respect.

Criterion of Cost Minimization
The final figures represent "total true costs" for the

various proposed road or rail transport projects. It is in the
interest of the firm and of the economy of the country as a whole,
that the project offering the required transportation services at
the lowest total true costs, taking into account money costs and

quality considerations, should be chosen. If the right plan
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conforming with this criterion of cost minimization is accepted and
investment takes place accordingly, then -- and only then -~ scarce
resources are put to uses where they yleld the highest returns,
both to the firm employing them and to the community at large.
Road or Rail? -- Diagrammatical Representation

The factors determining the investment decision can be
represented diagrammatically. In Figure 2 let the vertical axis
measure total true costs and let the horizontal axis measure trans-
portation produced and demanded per unit of time (in our case ton-
miles for the 25-year period). We stipulated that the amount of
transportation needed was known in advance and fixed; hence the
demand curve becomes a vertical line (DD'), indicating that OR
quantity of transportation is required -- neither more nor less.

Sh-Sh! is the supply curve for highway transportation,
Sr-Sr! the supply curve for railway transportation. OT represents
the fixed costs of road equipment and plant at zero output; simi-
larly, OU is equivalent to the initial outlay on railway tracks
and rolling stock which has to be undertaken before operations
can be started. It must be noted that at zero output the fixed
costs for rail transport are higher than thoée of road transport
(0T<:'OU). The main reason for this is the initial high cost of
the construction of the rail bed; in the field of road trans-
portation in the extreme case no investment in plant is needed 1if
special vehicles which can travel anywhere are used. Alternatively,
a very cheap unimproved earth road can be built.for low traffic
densities. Therefore at small quantities of output total true

costs are lower for road than for rail transport.
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Moving to the right on the horizontal axis, the cost margin
between road and rail narrows, and the initial advantage of highway
transport diminishes, as output expands. The technological capacity
of the railway plant to handle bulk cheaply comes into play; the
substantial rail overhead costs are spread over a larger output and
therefore total rail costs rise relatively slowly. The highway
plant, on the other hand, soon becomes congested; variable costs
go up steeply because of traffic delays, increased maintenance
costs, etc.; soon the stage is reached when new capacity has to be
added to the road plant if production is to be expanded still further;
a new lane must be constructed, the road surface has to be improved --
expensive schemes which increase total costs of the plant greatly.

At relatively large output quantities rail transport will provide

the cheaper service, and supply curve Sr-Sr! will lie below supply

curve Sh-Sh' at outputs greater than OV, as shown in Figure 2. We
agsume in our case that at the required relatively small output OR
road transport has a definite cost advantage over rail transportation

(MR >IR) and will therefore be chosen.

Indiviaibility of Factors of Production

There now still remains thé need to scerutinize more closely
the nature and the interrelationships of the various cost components
which together make up the supply curves. The smoothly drawn supply
curves in Figure 2 seem to indicate that production of transportation
can be increased very easily and in infinitely small doses. This 1s
a rather unrealistic assumption. In fact transportation is one of
the industries in which the difficulties of the "indivisibility of
factors of production" are quite pronounced. As regards the railway

plant at least one continuous single track between A and B is required,
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however small the outprt. With progressive increases in the pro-
duction of transport services a siding for the passing of trains
halfway between A and B may have to be provided. With yet further
increases in traffic soon the point will be reached when a complete
second track may become necessary; no smaller "investment dose'"
will do under the circumstances.

The same applies to the highway plant. No matter how
little traffic 1s anticipated the land right-of-way has to be
aéquired -- a substantial initial investment. After the possibi-
lities of passing places on a one-lane highway have been exhausted,
more substantial capacity increases become physically imperative.
For technical reasons it is not practicable to add just one inch
to the width of the road throughout its entire length or to give
it a better surface at a few places only; an additional lane will
have to be constructed or the road will have to be re-surfaced
from beginning to end. In any case substantial expenses will be
incurred.

This "lumpiness of investment", one of the more baffling
features of transport economics, is demonstrated in Figure 3.

The straight lines FCpl, FCp2, Fcp3 «se. represent the various
investment doses for road or rail plant appropriate to different
levels of output. Fixed costs of plant go up in definite steps
(from M to N, from there to P and so on) as plant éapacity is
increased. Distance OM is equivalent to the initial right-of-way
costs and perhaps some rudimentary grading, plus cost of track in
case of rail transport.

Curve FCe - FCe' represents fixed costs of equipment. These

costs are "fixed" from the point of view of vehicle operation only.
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In relation to the operation of the entire highway plant (both road
and vehicle operation) they can be regarded as variable costs. The
ordinary accounting terminology normally employed in road transport
1s used here. Curve FCe - FCe' is drawn as a smooth line because
indivisibility of investment in vehicles is not an important factor,
at least not in the case of road transport. (The addition of one
truck to one hundred already in use leads to only a 1 per cent iborease in
fixed costs of equipment).

The family of curves W;, W5, W3 .... represents variable
costs of both plant and vehicles assoclated with the corresponding

fixed cost of plant levels FCpl, Fsz, FC Neglecting

p3 **ve
maintenance expenses which are -- in the absence of traffic --
necessitated by climatic conditions, at zero output no variable
costs are incurred. W, and succeeding variable cost curves may
or may not lle on a higher level than VCl does; in other words,
the "envelope" curve AVC, which may be taken to represent average
variable costs, does not necessarily have the upward slope which
is implicit in the way Diagram 3 is drawn here. In many cases
higher levels of expenditures on plant may result in a lowering
of the variable cost schedules. This problem will be dealt with
subsequently.,

To explain the interrelationship of these various factors
we move to the right along the horizontal axis towards increasing
levels of output. As we approach production OT, successively
larger doses of equipment (curve FCe - FCe!) will be applied to
the plant, the size of which remains constant (FCpl being a hori-
zontal, straight line) at OM. With a higher ratio of vehicles to

track congestion will result; fuel and maintenance costs will go
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up with travelling speed reductions; there will be a greater numbgr“
of accidents with a consequent rise in compensation claims and“rebair
bills. In short, variable costs W; will rise steeply after a point.
This in turn will inflate total costs TCl (TCl is the sum of W,, FCe
and Fcpl).

Once we exceed the yet higher output level OT it will become
imperative to enlarge the plant capacity by the additional lump in-
vestment MN, to bring fixed costs of plant to the level FCPg‘ This
move will very likely lead to an immediate reduction in wvariable
costs (from UT down to VI on VCZ), because the vehicles can now
travel faster and more smoothly, can carry heavier loads on the im-
proved track and are subject to fewer accidents and repairs. It can
be seen from Figure 3, within the output range O-T plant investment
level OM (FCpl), together with variable costs W;, is the most econo-
mical one. With increasing output, in the rangeIOT - OW, plant
investment ON (Fsz) with variable cost schedule ch leads to lower
total cost points lying on curve TC,. For subsequent still higher
output levels, total cost curves TCB and TCA will be found to be
appropriate. For purposes of investment analysis the various total
cost curves (TCl, TCy, TC3, TCy, «- TCn) corresponding to series of
alternative plant sizes, may be represented by the "envelope" average

total cost éurve ATC.

Optimum for Given Plant - Eguipment Combination

For a particular investment scheme (fixed costs of both
road plant and vehicle plant given) short-term average cost curves
can be shown diagrammatically. In Figure 4 output is measured along
the horizontal axis, whereas the vertical axis indicates average

costs (i.e. cost divided by quantity of output). AFC is the average
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fixed cost curve for both plant and equipment. AVC represents average
variable costs of equipment and plant. The two cost curves add up to
average total costs, shown by curve ATC.

At zero output average fixed costs are infinitely high (fixed
costs divided by nought). AFC falls rapidly at first as overhead
costs are spread over an 1ncreﬁsing number of units of traffic, but
gradually the AFC curve begins to flatten out. Average variable
costs increase only moderately in the lower output range, but then
congestion sets in, with resulting higher gasoline consumption,
vehlcle maintenance costs, road repairs, etc.; consequently the AW
curve rises steeply. The U-shaped ATC curve reaches its lowest point
F' at output D. This is the optimum point of production for a given
plant-equipment combination, with OD ton-miles (or other units of
output ) being produced at the minimum average total cost OF.

Yet output D may not be the one desired by the firm; quan-
tities OK (or perhaps only OG) may be required at higher average
total costs OH (or OL, respectively). Bearing in mind that normally
transportation services, unlike other products, cannot be stored
over time, a larger (or smaller) plant appears to be needed; this
implies investment on a different scale and the drawing up of an
entirely different set of average cost curves.

Optimum with Different Combinations of Factors of Production

Useful as Figures 3 and 4 may be to show simple supply
functions, they cannot demonstrate the possibility of the same out-
put being produced with different combinations of factors of pro-
duction. The optimum utilisation of two factors is a problem with
which we are frequently confronted in economic theory. One way of

attempting a solution is to make use of an isoquant diagram.

I-18



In Diagram 5 total expenditure on the highway plant 1s
measured along the horizontal axls, whereas the vertical éne
measures total expenditure on vehicles. Quantities of output
are indicated by curved lines which can be called "isoquants."

Each isoquant corresponds to a particular quantity of output, the

output increasing with the distance of the isoquants from the

origin. Thus in Diagram 5:

'z! ton-miles ;> 'y! ton-miles ;7 'x! ton-miles.

- The isoquant diagram is based on the following assumptions:

(a) the two factors of production can continuously be substituted
for each other;

(b) when expenditure on one factor is decreased output can be
maintained at the same level by expending proportionately a
little more on the other factor.

The greater the ease with which one factor can replace the
other in order to keep output constant, the "straighter" (i.e. the
less curved) the isoquants will be. Conversely, right-angled
isoquants (see Diagram 6) indicate that the proportions in which the
two factors can be combined are rigidly fixed, the ratio being:

OC ¢ OD is equal to OE : OF ie equal to OG : OH.

Any deviation from this production ratio is less efficient.

In our example 'x' ton-mileg can be produced by: (Diagram 5)

(1) OK plant expenditure combined with 0OS equipment expenditure,
or (2) OL " " " " OR " " ’

or (3)nil " " " " QT n " .

Possibility (3) is once more the extreme case of special, very expen-

sive (OT!) vehicles operating without road; isoquant !x! therefore

touches the vertical axis at T. However, it is assumed that the
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bigger transport tasks 'y' and 'z' simply cannot be performed without
some expenditure on plant. It must be noted that isoquant 'x' ruhs .
parallel to the horizontal axis from L' to M' and further to the
right; the explanation is that if vehicle expenditure is held con-
stant at OR and plant expenditure is increased beyond OL to OM, no
larger output of transportation results; in other words, the flow of
vehicular.traffic, held constant at OR expenditure, is adequately
accommodated on OL highway; the additional plant expenditure LM is
wasteful because it does not increase production of transportation.
The same applies when plant expenditure is held constant
and vehlicle expenditure is increased progressively. Let us assume
that in Figure 5 increasing doses of equipment expenditure are com-
bined with the same plant expenditure, held constant at OE, Moving
vertically upwards from E, at point F 'x' ton-miles are produced
with the addition of OF' equipment expenditure; at G (0G' equipment
expenditure ) the output increases to 'y'; and at H to 'z' ton-miles.
From that optimum point upwards increased vehicle expenditure =--
without fitting the plant for the greater flow of traffic -- will
lead to congestion and hence to no further increases in trans-
portation output beyond quantity 'z!'.
Factor Prices Introduced
What is the most efficient combination of productive re-
sources? The answer to this all-important question can only be
given when the prices of the factors are introduced. Supposing 'y!
ton-miles of output are wanted; they could be produced in the follow-

ing alternative ways:
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Equipment Expenditure Plant Expenditure Total Expenditure

(a) $ 6 million plus  $ 1 million equals $ 7 million
(b) $ 4 million plus §$ 2 million equals § 6 million
(c) $ 2 million plus $ 6 million equals $ 8 million

Alternative'(b), with lowest total cost of § 6 million represents the
optimum combination of the two factors.

The answer to the problem of the optimum utilization of pro-
ductive resources can also be found geometrically (Figure 7): deter-
mine the slope of the price line (in our case, with both axes drawn on
the same scale, the 45° lines Pl, P2 and P3); move the price line until
it is tangential to the desired production isoquant. At the point R,
where P3 is tangential to the desired isoquant ‘'y', the most efficient
combination of factors of production can be achieved.

Proof. (Figure 8): Take slope of price line as given; draw price line
PP' at random through isoquant field. Supposing output quantity ‘'y' is
required. Move along PP' to point K, where price line cuts isoquant 'y!.
Combining expenditures OL and OM the desired output 'y' could be pro-
duced. However, by shifting along isoquant 'y' to point N (where slope
of PP' is tangent to isoquant 'y?), the same output quantity 'y' can be
produced with smaller expenditures on both plant and egquipment.

Proofs 0P OL; and 0Q< OM.

A similar, if somewhat more complicated proof can be given when moving
from the inefficient production point R to N. In the new situation
0Q<<:OS, representing an unambiguous saving of the magnitvde QS on
plant expenditure. Equipment expenditure, on the other hand, has been
increased, with GP;>>0T. However, the additional cost of equipment TP
amounts to only QU in terms of plant expenditure at current prices (in-

dicated by slope of price line PP'); therefore the substantial net gain
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US (in terms of plant expenditure) can still be realizes when shiéting
production from R to N,

To repeat our conclusions: the point of tangency of price
line and desired isoquant represents the best possible combination of
factors, at minimum total cost. If price line and isoquant are tangen-
tial, thelr slopes must be equal at that point. Hence, the ratio of
marginal productivity of expenditure on equipment (MPEe) to the mar-
ginal productivity of expenditure on plant (MPEp), is equal to the
ratio of the price level of equipment expenditure (Pe) to the price
level of plant expenditure (Pr). These relationships can be written
down more simply as:

MPEe : MPEp is equal to Pe : Pp.

Using the various methods described the firm will finally
decide to adopt the one particular project which promises, with the
right combination of factors of production, to yield the right quality

of service at the lowest total true cost over time.

Simplifying Assumptions Stated
It must be emphasized that in our model case the task of

rational selection was greatly facilitated by a number of simplifying
assumptions. These were:
(1) Complete absence of governmental control or interference.
(2) Common ownership and management of both plant and equipment.
(3) Amount of transport needed known in advance.
(4) Dynamic changes in traffic flow, and all peak and off-peak
problems negiected.
(5) No transport services offered competitively by other carriers

or outside transport agencies.
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(6) Social costs held to be real costs to the firm,

(7) Only two factor inputs.
It could rightly be said that our road model operated in an economic
vacuum, in some sort of pure "test-tube® environment, removed from
all the real complications of every-day life. In the next part of
the analysis, when considering the case of the toll road, some of
the simplifying assumptions will be dropped. This will enable us to

arrive at more realistic economic solutions.
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II. A TOLL ROAD MODEL

The previous chapter served as an introduction to the more
complex analyses which must be applied to road problems in the
real world. We have seen that under the circumstances described
and glven factor prices, very definite input-output solﬁtions can
be found. Arriving at what might be termed "physical transfor-
mation functions" of varying combinations of plant and equipment,
of truck or road and vehlcles, we were able to show how to achieve
the desired output of transportation services at minimum total
cost. Using analogous techniques we could also have demonstrated,
under the restrictive assumptions made, how to maximize output
with a certain given supply of input factors or level of total
costs.

With the groundwork thus laid for an understanding of
more complex situations, we pass on to the case of a privately
owned and operated toll road. In order to investigate systema-
tically concepts and relations and yet keep the discussion within
a manageable framework, we shall continue to use the convenient
device of model bullding.

New Assumptions

Let us assume that an entrepreneur is contemplating a
venture into the field of toll roads. We stipulate that he will
be guided in his decisions solely by the principle of profit
maximization. He is not concerned with the safety or convenience
of the motorists, unless these factors contribute to his net
revenue; he 1s impervious to the needs and the general welfare ’

of the public at large unless its interests coincide with his own.
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We assume further that the state in no way influences, re--
strains or encourages our toll road operator. He is perfectly free
to choose any desired location for his route, set his own standards
of design, construction and maintenance, and embark on a perfectly
flexible rate charging policy. We stipulate that he can ralse the
funds necessary to finance the venture in any way open to him, as
long as he does not avail himself of the state's faith, credit or
support.

We further assume that the toll road entrepreneur operates
in a truly competitive environment which itself has developed over
the years under the conditions of perfect government neutrality
just stated. By this we mean that there are in existence already
various water, railway and air trdnSport networks which were, or
are, neither hindered nor promoted by state taxation, subsidization,
regulation or granting of special privileges.

There are also a number of privately owned toll roads and
bridges, but the governﬁent operates the majority of highways and
streets. The highway department, which is presumed to be omniscient
in this respect, charges just and appropriate shares of total costs
of the public road system to benefiting property owners by means of
a land tax, and to motor vehicle operators as a whole -- as well as
to various vehicle categories within that group -- through motor fuel
taxes and license fees. To maintain perfectly competitive neutrality
the government refunds to all toll road operators the amount of gaso-
line tax generated on their facilities; in order to preserve the
competitive balance the government further does not raise or lower

the gasoline tax levied on the general highway network.
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Toll Roasd Compared with Mining Road Model

With these new assumptions in mind, the essential differences

between the simple road model described in the previous chapter and
the toll road model can be assessed. In the former case ownership
and operation of both road and vehicles were vested in one agency.
Now our toll road entrepreneur has control over the highway only,
whereas vehicle operations become a separate function exercised in-
dependently and without compulsion by a multitude of motorists. This
introduces the necessity of assessing demand for highway services, a
problem which will be of importance again and again throughout this
study.

Demand itself is determined by the presence of competitive
transport services, which are now being introduced. The analysis has
to take into account the existence and performance not only of other
transport media, such as water, rail and air services, but also of a
government-provided road system and of other privately owned toll
roads. Social costs, finally, can no longer be regarded as real
costs which are necessarlily being borne by the toll road company.
Initial Investment Decision of Entrepreneur

Before the entrepreneur will definitely decide to embark
upon a toll road venture, he will first scan the entire field of

investment opportunities for other possibilities open to him. He
will seek information on potential earnings in mining developments,
electric power production, forest exploitation, secondary manu-
facturing, and hundreds of other economic pursuits. He will
compare the approximate estimated net revenues which could be de-
rived from these ventures, taking into account the varying degrees

of risk associated with each of them and therefore the level of
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interest rates which would have to be offered to attract capital.
Since the entrepreneur is entirely guided by the precept of
profit maximization he will finally select, from equally risky alter-
natives, the one with the highest potential net yield. Similarly, he
will prefer the least risky one of a number of ventures which promise
to yleld identical returns. In this way he will eventuaily arrive at
a rational decision. We assume that he favours a toll road venture.
Does our toll road promoter in his preliminary decision-
making act in the best interests of the economy as a whole? Without
perhaps consciously realizing it he =~ in combination with hundreds
and thousands of other investors -- is striving to maximize, at that
particular instant of time, the marginal efficlency of capital, not
only of the portion he controls but of capital generally. How is
this brought about? The marginal efficiency of capital can be de-
fined as M™the expectation of profit to be derived from starting a new
project or increasing the output of an old one. It has no necessary
connection with the profit already being earned, on a plant already
built, operating at a scale of output already selected, but is
rather the expectation of net gain from adding something more."(3)

As time moves on, economic resources become available for
capital investment every hour, every day, every week. Simultaneously
a great varlety of uses for capital investment opens up: new wants
develop and can profitably be satisfied, increases in population
have to be catered for, productive processes become obsolete or in-
adequate and give rise to demands for modernization and extension of
capacity. Choices which investment opportunities should be given
priority over others =-- since not all schemes can be undertasken at

the same time -- are continuously made by a multitude of promoters
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and entrepreneurs, such as our potential toll road operator. By
individually exercising their best judgment they collectively
equalize the expected marginal efficiency of all capital at any
period of time. Thus, at any given moment, no potential investor
could improve his schedule of expected net returns by switching to
some other venture. For soclety as a whole the expected marginal
efficiency of capital is equal in all uses and therefore maximized.
The most efficient planned deployment of the community's resources
available for investment has been achieved ~- but only at the
particular instant of time, for although all the investment de-
cisions embody best knowledge, they do not necessarily represent
best foresight.

It must therefore be emphasized that this process guarantees
only the best ex ante planning of investment at any time. Once re-
sources have been committed to specific uses different conditions
pertain. Past investment decislons are not sacrosanct; they may
ex post turn out to have been completely wrong however conscientiously
investors acted at the time. Yesterday's plans, illusions, production
processes, machinery, must be scrapped if they do not éontribute to
tomorrow's revenue.

Thus a very distinct line must be drawn in our thinking be-
tween the planning of investment -- the problem with which we are
concerned at the moment -~ and the continuing operation of a pro-
ductive process. Quite separate analytical processes will have to
be applied to the two situations throughout this study.

Toll Road Investment Analysig
We assumed that our entrepreneur decided to launch a toll

road project rather than any other venture, after having appraised
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investment opportunities in general. A whole host of questions has
now to be settled by him. Where to locate the road? What qualities
of service to provide? How much money to spend on land acquisition,
construction, maintenance and operation? What charges to impose on
users? All these and other factors form part of what is generally
called a "feasibility study" in the technical literature. The first
logical step in pursuing such a feasibility study will consist in
assessing the potential demand for toll road services in various
areas.
Assessment of Potential Demand for Toll Road Servicesg

Suppose a toll highway between the two large centres C and D
is contemplated by the entrepreneur. Towns C and D are already con-
nected, via the smaller community E, by both a railway line and by a
public highway of rather inferior quality compared with highways
elsewhere. There are also the subsidiary centres G, F, H and I,
linked with each other and with towns C, D and E as shown on the
map (see Figure 9). |

For an estimate of the potential traffic which might be in-
duced ta travel on the proposed toll road, ideally a study is made
of origin and destination, route selection, composition and volume
of all traffic in the region (i.e. over all forms of transportation).
Probably some statistics exist on total passenger and freight traffic
moving by rail between C, E and D which could be used. To simplify
the analysls water and air transport are assumed to be non-existent.

Next, origin-and-destination studies of highway traffic will
be carried out. The necessary information on direction of travel,
selectlon of route of trips from various points of origin to various

destination paints, can be obtained by such methods as roadside
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interviews, license plate records, return postal cards and home
interviews. The traffic Aata will be compiled so as to show the
number of passenger cars and commercial vehlcles of various
weights and sizes,

If a complete origin-and-destination survey should prove
to be too expensive and elaborate, traffic volume and classifi-
cation counts will be carried out instead. Crews will be desig-
nated to strategic points on the highways to count the volume and
composition of traffic. The results of these surveys of present
tréffic, obtained by origin-and-destination studies or by traffiec
counts, can conveniently be shown in chart form (Figures 10a and
10b).

However, the ultimate aim of the survey is not the deter-
mination of traffic during the current survey year (Ng), but of
future revenue traffic, i.e. of traffic which will use the toll
highway during its projected lifetime. Different methods of
approach have to be considered. Initially, past trends are
analysed and ~- after making various assumptions =-- extended into
the future over the project period. Thus after appropriate statis-
tical calculations traffic during, for instance, survey year plus
five years (NS) might be predicted to be 1.5 times the Ny traffic.
Similarly, Mg might be predicted at 2.0 times, Ny traffic at 2.6
times, Ny traffic at 3.1 times and Nyg traffic at 3.8 times the
level of Ny traffic volumes. This represents a rate of increase
of roughly 4 per cent, compounded annually over the period. The
growth factors are then uniformly applied to ascertained present

traffic data to arrive at the desired predictions for years Ny to

II - 30



N33 for each and every routeﬂ*
Traffic Predictions - Refinements

A straightforward prediction of future traffic based
merely on past trends must in most cases be regarded as too unre-
liable a method for the purpose. Thus, for instance, the additional
element of "induced traffic" is of importance. Induced traffic can
be,defined as "traffic which does not even exist prior to the con-
struction of the road, but can be expected to develop as a conse-
quence." In our model certain producers of food and manufactured
goods located at F, G and C might indicate, for instance, that by
using the proposed toll road they would be able to gain access to
the markets D, H and I from which they are barred because of
exiéting high transport costs between C and D. Conversely, pro-
ducers at D, H and I might expect tq extend thelr marketing spheres
to C and beyond if transport facilities were improved. It might
further be regarded as likely that a number of new industries would
locate themselves in the region, bringing yet further custom to the
toll road.

With the aid of economic geography, correlation analyses
and location theory a number of techniques can be developed to assess
expected normal and induced traffic growth. By field studies con=-
ducted elsewhere it might be shown, for instance, that the "potential

traffic desire" between two centres, such as C and D, varies almost

*Basically, this procedure was followed and similar results were
obtained by the Ontario Depar?man? 3f Highways for the planning
of the King's Highway System. 4) \5) The development program
for the King's Highways is, however, flexible enough to permit
easy adjustments should supericr traffic prediction techniques
be developed. '
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directly with the size of population and inversely with the distance
between the two points. A strong correlation might also be found to
exlst between the leyel of industrial and commercial activity =--
measured by some convenient yardstick =- and the amount of commercial
traffic generated.

In short, a mere mechanical interpretation projection of
existing traffic patterns is not sufficient and should therefore be
supplemented by more complex analyses. As Tjalling C. Koopmans put
it: "The fact that highway traffic results from the interdependeﬁt
choices of many decision makers, each with an objective of his own,
gives to traffic theory a strong social science flavor." (6)

In our model, after the potential demand for toll road ser-
vices between C and D has been assessed in these various ways, the
entreprensur conducts similar feasibility studies for a number of
other proposed routes in different locations and in different
parts of the country. For later comparison the results might be
tabulated or shown in chart form (see Figure 11 ).

Asgessment of Potential Net Earnings

The next step consists of determining the potential net
earnings for each proposed toll road project. It will be recalled
that under the assumptions made it was the entrepreneur's prime
objective to maximize net earnings and therefore the scheme pro-
mising the highest rate of net profit would be chosen by him,.

Net earnings (Nb) are the difference between gross earnings
(Gg ) and total costs (C). Therefore:

(1) Ne=Ge'C
Gross earnings are the sum of the products of the rates and the
quantities sold; in our case the sum of toll rates charged to diffe-

-rent'typéa of traffic (p,) multiplied by the quantities of highway
: IT - 32



services consumed by the various user groups (qn):

(2) Ge =anqn
(3) Ny :anqn- c

Obviously the toll road entrepreneur will not embark upon

And therefore:

any schemes which would result in a negative Ny, or a loss. He
will therefore rule out projects for which C %&nqn. In other
words, unless at least the condition zpnqné C is satisfied pro-
Jects will not even be considered by him. However, this condition
defines only the bottom limit and there still remains for the
entrepreneur the task of choosing from a number of alternatives
the one which maximizes net earnings.
Toll Rates Charged and Quantities Consumed

We have seen before in (3) that net earnings are the éum
of the product of rates and quantities sold less total costs.
Leaving costs aside for the time being, how can actual values for
toll charges and for quantities of highway services consumed be
determined by the entrepreneur?

Obviously, the two factors are inter-related. At some re-
latively high level of toll rates no highway services will be
consumed. GConversely, when no price at all is charged quantities

sold will be extremely large:‘ In our case, with the presence

% The three main reasons why not infinitely large quantities of
transport services will be sold when they are provided free of
charge are: (i) in many cases demand for transport services is
derived demand, that is, it is not consumed for its own sake; it
is limited by the primary demand, for instance for goods the
necessary haulage of which in turn gives rise to demand for freight
transport; (ii) transport services, once being provided, cannot be
stored -- they must either be consumed or they perish instantaneously;
(111) traffic in excess of highway capacity (l.e. congestion) will
diminish the attractiveness of road travel; hence demand for highway
services, even at zero charges, 1s limited for quality-of-service
reasons.

IT - 33



of cdmpeting highways and a railway stipulated, the upper level 6fﬁ
toll rates which will attract at least some customers 1s clearly
determined by the maximum benefits all those motorists, who are
pérticularly dissatisfied with their present traveliing arrangements,
can derive from switching from alternative routes (or from railway
patronage) to the new toll highway.

If toll rates exceed benefits offered by the new highway
under these most advantageous circumstances, then even the most
eager of potentlal highway patrons will flinch from the transfer of
his custom and consequently no highway services at all will be sold.

Conversely, as toll rates are lowered progressively, more
and more motorists will find it profitable to switch to toll high-
way usage since benefits to be derived from the move exceed charges.
Finally, at some extremely low -- and at the outside, zero -- level
of charges; all potential traffic to be had would be diverted to
the toll highway. We have seen (see footnote on page 33 ) that
there is an absolute limit to the potential traffic which can be
attracted in the short run, but that does not concern us here.

Turning back to the example illustrated in Figure 9, all
passenger and freight movements which formerly had been accommo-
dated on the Primary Highway and the railway connecting C-E-D,
would be transferred to the toll route if rates were extremely low.
In addition, some of the traffic normally flowing over Secondary
Highways F-I and G-E-H would also be attracted. Even if the toll
highway merely offered service qualities identical to those pro-
vided by the competing media, then our entrepreneur could presumably
still corner all the transport business to be had by fixing the

rates just a little below the charges (motor fuel taxes on public
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highways, freight and passenger charges on the railway) imposed
elsewheref“
Benefits Offered to Toll Road Users
From the fﬁregoing Aiscussion it is becoming clear that
benefits offered to toll road users will, in the last resort, de-
cide what charges can be levied. Since the "benefit" concept is
at the very core of our analysis it warrants closer scrutiny.
Some definitional difficulties arise. These were stated
in the following way in a recent official report of the United
States Government on problems of highway economics:

"The subject of highway benefits is susceptible of great
breadth and wide variety of interpretation. The favor-
able effects of highway improvement, like those of any
great developmental work, are widely diffused throughout
the economy. ... it is well to begin with a strict
interpretation; and to define benefits in terms of
quantities or attributes that we can hope to measure
with some accuracy." (7)

For the purposes of the toll road model it will be best
to restrict the present discussion,as a starting point, to bene-
fits realized directly by motor vehicles using the highway. Just

as was assumed before (page 26 ) that soclal costs are of no con-

*EUnder assumptions of complete competitive neutrality (see
page 25 ), stipulating jinter alia that no fuel taxes are
to be levied for travel on toll roads, probably many a
private route could most effectively compete with public
highways. The main reason is that in the real world long-
distance highways carrying great volumes of traffic usually
"subsidize™ low traffic density sectors (county, township
roads and the like). This does not imply advocacy of the
toll road method of highway finance per ge, which is severely
handicapped by expensive, but necessary, toll collection
arrangements.
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cern to the toll road operator, we stipulate for the time being
that he is indifferent to the social benefits which may, or may
not, be conferred by his activities. We shall see in Chaptef IV
what possibilities exist for the toll road operator to derive
additional revenues from those more indirect benefits conferred by
the new highway upon property, business enterprises, and the commu-
nity at large.

But even if we restrict our analysis to benefits which are
realized directly by motor vehicle users, it may easily happen that
we get sidetracked into a discussion of the éerennial problem of
meaning and measurement of "utility", or "benefits", We might then
have to answer, for example, the following questions: How many
units of "satisfaction" will a motorist derive from using the new
toll road, rather than an alternative route? Can the utility which
one motorist derives from toll road use be compared, unit by unit,
to the utility realized by another motorist? Can individual utili-
ties, or benefits, derived from toll road use be combined into
composite benefit schedules for all motorists? Pursuing these and
gimilar enquiries we may be forced to resort to a utility theory
of values based on psychologlcal considerations, which will get us
nowhere.,

Since we are dealing here really with technical and applied
economic problems, we must endeavour to base our benefit concept on
externally or objectively observable facts, and not on elusive
psychical premises. The greater the ease with which "benefits"
can be measured -- in whatever way they have been defined by us =--
the better for our immediate, practical purposes. This approach is

in line with the procedure suggested in the "First Progress Report",
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(quoted on page 35),
Definition of Road User Benefits

For the purposes of our toll road model we can do no
better than to follow Marshall énd define road user benefits as
"the maximum amount of money individual motorists are prepared
to give up in order to avail themselves of toll highway ser=-
vices rather than go without them". Using this definition we
circumvent the difficulty of having to measure "utility" or
"benefits" directly; instead we measure consumers' satisfoction
indirectly through observable effects.

For benefits to be measurable, in a practical sense, a
unit of measurement and & zero point must be chosen. As far ss
the latter requirement is concerned, it should be taken into
consideration that our toll road entrepreneur is confranted
with traffic which has existed for some time. Presumably users
of transport services, over the years gone by, have explored
many variations and combinations of routes and have now settled
into the most rational traffic pattern, i.e. the one which Araws
optimum benefits from the existing netwérk of roads an- railways.
From the entrepreneur's point of view the necessnary berefit sna-
lysis resolves itself therefore simply into a straizhtforusrd
comparison of the hypothetical, superior toll ron’ «itvntion with
the existing traffic pattern. There is no need to bring in third,
fourth, fifth, etc. situations, since the pre«ent ona iz alresdy
the most rational one from the users' point of view ~n? therafore
the one with which the toll road entrepreneur has to coar:zte.

This 1s not to say that we depend on the cxistence of some

traffic in order to define the zero point of mencurecornt. IF therc
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is no highway at all; or no means of transportation whatsoeVer;ggﬁe
absence of traffic becomes the starting point for benefit measurements.

We stated before that the sums of money individual motorists
are prepared to pay for highway services are the best indication for
the benefits they derive from such travel. Money is therefore our
chosen yardstick for benefit measuremént. From the point of view of
our analysis it is most convenient that we stipulated a "charging what
the traffic will bear" regime. If the toll road operator acts accor-
ding to this condition, the maximum charges he can exact from each
motorist are also equal to the maximum benefits conferred by the
rendering of highway services. It follows that benefits conferred
upon individual users are identical to marginal revenues at each
quantity of output point, as increments in revenue colncide with
the additional rendering of highway services to one more user.
Cumulatively, the sum of individual benefits conferred will also
be equal to total revenues from users.,

This is demonstrated in Figure 12, where the curve DE
represents both marginal revenues and marginal benefits at diffe-
rent levels of output. The curve will slope downwards to the
right like an ordinary demand curve, as shown in the diagram, not
only because differing intensities of demand will be satisfied pro-
gressively, but also because with an increase in the guantities of
highway services rendered, a deterioration of guality (i.e. con-
gestion) will set in.

What possibilities are there for the toll road entrepreneur
to obtain accurate information on benefits conferred? Since he can
practise a perfectly flexible charging policy accorfing to our

assumptions, it might be possible for him to assess benefits, and
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hence the optimum level of tolls, through experimentation once
the toll road is in operation. By lowering and raising his
charges in individual cases, always trying to maximize revenues,
he may eventually arrive at the correct demand schedule.

However, price experimentation is not a practical possi-
bility in our case, since it presupposes that the toll highway
has been built and is actually being used. The problem under
discussion is that of planning investment in a toll road and hence
the trial and error approach to revenue assessment cannot be used.
It will also be seen later that price experimentation is not a
feasible approach as far as public road systems are concerned. An
alternative method of benefit assessment 1s therefore needed.

This alternative approach =~ and it is a widely used one --
consists of breaking down "highway benefits" into a number of sub-
categories which lend themselves to measurement, The subjective
contents of "benefits" are iselated snd minimized by serting eut
in turp 81l pessible advantages & meterist eeuld Aerive from using
8 better highway and translating these advantages inte meney
terme. It sheuld be noted that basieally benefit measurement is
sn empirieal precedure te assess in money terms the cost-saving
features of s hypothetieal or existing superier highway situatien,
compared with an inferier highway situatioenj the inferler situatien
becomes the zere peint of messursmant,

Highway user henefits, on reflection, appear to be com=
posed of many Aiverse faatoré which range from slusive psyaholo=
glcal conslderations, such as aesthetic appreciation of a roadside
beauty-spot, to measurable sesvings in vehicle operating cosata,

There 18 a great deal of literature on road user benefits and a
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selected 1list of references is contained in the Appendix. Briefly; 
the most important benefit factors are:

(1) Savings in Aistance. Shorter travelling distances
reduce all vehicle costs which vary with mileage,
such as: fuel consumption, tires, vehicle Adepre-
ciation, repairs; inspection.

(11) Savings in time. These have a twofold effect:
in the first place drivers and passengers save
time which is of value to them. Secondly, more
intensive use can be made of vehicles; there-
fore costs which do not vary with mileage, such
as insurance, cost of terminal installations,
general overheads, can be spread over a greater
number of ton-miles (vehicle-miles, passenger-
miles, etc.) performed, with consequent savings
in unit costs.

(1i1) Savings through improvements in road quality.
Elimination of steep gradients, excessive curves,
intersections, blind spots, leads to reductions
in fuel consumption, wear of clutch, gear shift
mechanism and brakes. Smoothness of surface re-
duces fuel consumption, wear and tear of tires,
springs, chassis.

(iv) Reductions in accident costs, through improvements
listed under (1ii) and reductions in accident risks
through travelling time and distance savings.

(v) Reductions in driver fatigue, boredom and irritation
through landscaping, provision of road-side facili-
ties, elimination of obnoxious billboard advertising
and monotonous road layout.

These diverse benefits are valuated differently by Adifferent
people. A pleasure driver may be mainly interested in beautiful
vlistas made accessible to him, whereas a commercial vehicle
operator may only take into account dollar-and-cent savings in
time and running expenses. The toll road entreprensur is therefore
really confronted with a multitude of potential users, each of whom
appraises services offeredvﬂifferently by means of his own preference

universe. But in the real world user behaviour is not as complex as

might be expected on theoretical grounds. The total vehicle popu-
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lation to be found on the road can probably in most cases be
broken down into a small number of fairly homogeneous types
with very similar technical performance and characteristiecs.

'Potentiai operating cost benefits to be Ferived from
the use of a superior highway, such as savings in fuel con-
sumption, reductions in vehicle wear and tear, can easily be
determined empirically and stated in money terms. Time savings
might be more difficult to assess in monetary terms. Whereas
in the case of commercial vehicle chauffeurs and taxi drivers
the hourly wages paid could be used as a yardstick, it might be
argued that the time of the man driving to work or returning
home from the office, or the time of the occasional and pleasure
driver, are of no economic value. On the other hand anything
people are prepared to pay money for has economic value and it
has been shown again and again on existing toll roads that many
individuals value their time very highly. Reductions in accident
costs and the psychological and aesthetic factors, finally, might
be assessed by experiment or estimate.

In any case, we can be convinced that the toll road
entrepreneur will find ways and means to judge fairly accurately
the benefits which will be bestowed upon motorists by a new high-
way built to given standards. Still leaving aside the question
of how much it would cost to build su?h a highway, he can then
plot, as shown on Figure 12, marginal benefits offered to each
motorist or group of motorists, and the total quantities of high-
way services provided cumulatively at each point. Benefits can
at the same time be taken to represent the maximum charges which

can be extracted from each user, as long as the basic condition:
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"benefits offered (bn) must be at least equal to rates charged»ufv'>
(pp) to each type of traffic", or: bn§: Pp » 18 satisfied.

We stipulated that the toll road entrepreneuf had complete
freedom of rate charging. Still leaving in abeyance cost problems,
gross revenues will be maximized if total quantities OE (or g, ) of
highway services of given standards are supplied and charges iden-
tical to the ordinate values of the benefit (marginal revenue)
curve DE are imposed (see Figure 12). Total gross earnings
(:E:pnqn) tend to become equal to the area under the arc DE as

the number of users approaches infinity. Since q4 = f(p), given
users' preferences, (qy being the quantity demanded), gross
revenue =-- which is the integral of the demand function -- can

be represented in this way:

(4)
./o‘qn f(p) dp

Charging What the Traffic Will Bear?

Gross revenues are charges multiplied by quantities; in
our case the sum of an infinite number of rectangles, each.of a
height corresponding to rate charged and with an infinitesimally
small base representing quantity consumed (see Figure 12). It
is sometimes argued that such a rate policy, with infinitely
small variations of prices charged, would be impossible, or at
least impracticable. This may be true and in the real world it
may be more convenient to let rates gd down in definite M"gteps",
such as from OF (= NG) to 0A (= BC) and OH (= IM). Total revenue
collected would then be thé area within points OFGKBLIMO. As a
matter of fact, many electric power companies use rate systems

that go down in such steps after certain quantities of consumption
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are exceeded. But this does not in the least detract from the
validity of our revenue maximization formula (4). The same
electric power companies would not hesitate to apply it, were

it not for the fact that the extra revenues thus obtained yould
be more than offset by the additional administrative and,&fgani-
zational expenses of a perfectly variable tariff system.

Going further, the proposition is frequently put forward
in discussions on transport matters that there 1s something
sinister, inherently immoral and unethical in charging diffe-
rential rates to different transport users. The practice is
usually referred to in discussions as "charging what the traffic
will bear", or "rate discrimination". Equity, it is claimed, de-
mands that a flat, uniform tariff at, for instance, the level QA
be charged to all users. Total revenue accruing would then be
the area OABC. It is usually conceded by these critics of diffe-
rential charging that the supplier of services should have the
option of charging at any level (for instance OF or OH), in
order to maximize the rectangular revenue area, as long as the
charges apply uniformly across the board.

Very little remains of the anti-rate-discrimination argu-
ment once its moral and emotional disguises have been removed.

Of course all economic life is ruled by the supreme rule of
"charging what the traffic will bear". It is applied with great
vigour and whenever possible by all sellers of goods and services.
Only because generations of economists have been brought up on
assumptions of pure and perfect competition have we come to regard
the uniform market price, set at marginal cost level, as the rule

rather than the exception. We are learnihg slowly that the so-
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called imperfections, the monopolies, duopolies, oligopolies, are
all-pervasive; that advertising; control of entry, licensing,
government regulation, brandnames, special service features,

trade associations;, cartels, market strategy, the opening of a
retail store in a particularly favoured location, are all attempts
to create little economic "niches" which are sheltered from the
chill winds blowing across the desolate market place of pure and
perfect competition.

Consumer's Surplus

We need have no qualms, then, about letting our toll
road entrepreneur indulge in "discriminatory rate practices" =--
at least for the time being. Oﬁr lassitude, incidentally, also
serves us well by eliminating the theoretical complications of
the so-called "consumer's surplus". The tefm was first used by
Marshall(8), but the essential idea is Dupuit‘s(g). Consumer's
surplus, or consumer's rent as it is also called, is the diffe-
rence between total "utility" accruing to consumers from con-
sumption of a given quantity of a commodity (represented by the
integral of the demand function) and the price actually paid
times the quantity bought. In our example (see Figure 12) at
given uniform price OA and quantlty purchased OC = AB, the con=~
sumer's surplus would be represented by the area ABD under the
arc DB,

A number of objections have been raised against the con~
cept as such; a further discussion of it has to be postponed
until later. Suffice it to say that in our model, with the
entrepreneur charging perfectly flexibly to the limits set by

each user's demand function, gross revenue is maximized and no
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consumer's surplus remains.

Cost Analysis

After having carried out studies of Aemand, and hence
gross revenues, for a number of proposed toll roads, the entre-
preneur will then enquire into the cost side of these projects.
We have seen how he estimated marginal gross revenues at varying
levels of output, which could be exacted from potential highway
users. He will now initiate studies to determine the marginal
costs.associated with these different quantities of highway
services.

The cost studies will proceed in ways similar to those
described in Chapter I and illustrated in Figures 2 and 3. The
main difference is that the toll road entrepreneur, in contrast
to the mining company, is concerned with fixed, variable and
total costs of the highway only and can neglect vehicle costs,
except insofar as they enter into his demand analysis.

In Figure 13 the curve AKBHN represents the marginal
costs of providing highway services at ~ifferent levels of out-
put. Without further enquiry there is little we can say about
the shape of the marginal cost curve. No significance should
be attached to the way in which it 1is drawn in Figure 13; it is
assumed here that marginal costs of providing the first few
units of highway service are relatively high and that they then
fall as economies of scale are reaped or initial fixed costs are
spfead over a greater number of production units; for purposeé
of 1llustration we assume that at very large output gquantities
marginal costs rise again, due to diseconomies of scale, the

bidding up of factor prices and so on. Neglecting indivisibilities
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of factors of production, a problem which was adequately dis=-
cussed on pages 14, 15, 16 and 17, and illustrated in Figure 3,
a fairly smooth marginal cost curve will be obtained. This im-
plies that infinitely small additions to output requiring
infinltely small incremental cost doses are possible. This is"
an unrealistic assumption, but our main line of argument does not
depend on it.

Total output produced and consumed is determined by the
intersection of the marginal cost and marginal revenue curves (at
point B in Figure 13) and will be OC (or q,). Marginal costs
assoclated with the production of different quantities of output
(cn) are identical to the ordinate values of the marginal cost
curve. Total costs ( cnqn) will tend to become equal to the
area OCB under the curve AB as the number of highway service quan-
titles supplied (qg) approaches infinity.

It is assumed here that costs are a function of quantity
produced, or ¢ = £{q). Total costs are the integral of the margi-
nal cost function and if Cparg = f(q),; then they can be represented

in this way:

(5) ?“f(q) dq
[
As demonstrated in Figure 13, costs and revenues are both

functions of output. Hence:

(6) Ne = zpnqn = chqn
Or in infinitesimal amounts of q:

(7) Ne = P dq - Cc dq
where p is a function of % oo p(ql], and ¢ is a function of q,

E..e., c(q)J , 80 that Ng = jp(q) dq - j.c(q)dq.
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In Figure 13, area OABC = jcc (q)dq and area ODBC = '
jcp (@)dq. It is the difference ‘:etween areas ODBC and OABC, or
ch difference between the integral of the marginal revenue
function and the integral of the marginal cost function, which
the entrepreneur will seek to maximize with all means at his dis-
posal. In other words, it will be his prime objective to obtain
the greatest possible net revenues (the difference between total
revenues and total costs).

Planned Level of Output

Let us look more closely at the marginal revenue and
marginal cost curves in Figure 13. We stipulated that the toll
road entrepreneur was able to assess very accurately individual
benefits conferred upon users through various quantities of high-
way services supplied. We also assumed that he was managerially
and organizationally capable of translating the ascerfained ’
benefit schedule into a minutely adjustable charging system. We
further stipulated that infinitely small variations in output,
with resulting infinitely small variations in cost, were possible.

If these conditions prevail, the entrepreneur will choose
to supply OC quantities of highway services, since he cannot in-
crease his net earnings by supplying any other quantities of out-
put. bAt Butput level OC the extra cost of supplying the additional
last, very small increase in quantity of highway services, is equal
to the additional benefit enjoyed by the user of that last unit of
service. Since under a regime of "charging what the traffic will
bear" pricé equals benefits, it follows that at output OC the
marginal cost of supplying the last unit is equal to marginal

benefit derived from that unit, and hence to price.
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If this is so, then the optimum position from the entre-
preneur's point of view has been reached. If He were to increase
his output to (say) OF, the costs incurred by him in order to
supply the quantity increment CF would be equivalent to the area
CBHF, At the same time additional benefits conferred upon users,
and hence charges collected would only be equivalent to CBGF. The
loss to the toll road entrepreneur of supplying additional quanti-
ties CF would therefore be equal to the area of the curvilinear
triangle BHG,

Similarly, if he were to decrease his output by (say)
quantity CI he would stand to lose. At output OI the marginal
cost of supplying the last unit would be only IK, but benefits
conferred would be as much as IL. At output OI his total net
earnings would only be equivalent to the area ADLK. Compared
with the optimum output OC, determined by the intersection of the
marginal cost and marginal revenue curves, the entrepreneur would
therefore lose net earnings equivalent to the area of the curvi-
linear triangle LKB.

While output OC is, as we have seen, the optimum one from
the entrepreneur’s point of view, is 1t also a logical one as far
as the users are concerned? 'If OC units of highway services are
being offered and consumed no user could possibly be worse off
" “than prior to the operation of the toll road, since benefits will
- be equal to toll charges. Users are not compelled to drive on
the toll road and their choice of routes is a purely voluntary
one. They cannot be 'overcharged! since the slightest overall
increase of the rate schedule over and above the maximum level of

the benefit schedule would presumably induce them all to return
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to the old routes or to the other means of transportation.

Is output OC the optimum one from the community's point of
view? Will adoption by the toll road entrepreneur of the parti-
cular production and investment plans associated with output OC
lead to the best allocation of scarce resources within the economy
as a whole?

It might be argued from a social or community point of
view that the toll road operator, by pursuing'ruthless "charge
what the traffic will bear" rate practices, will be reaping ex~
cessive monopolistic profits to the detriment of the public. It
might be said that the entrepreneur would actually be "underpro-
ducing" and hence "underemploying" productive resources, since at
outputs large? than OC his total gross revenues would still exceed
total costs, and consequently net revenues would still be accruing
to him. For example, he might be compelled by government decree
to operate, in the public interest, at output level OM in order to
satisfy all demands for highway services. True, in that case quan-
tities OC to OM would be provided at a loss equivalent to area BMN
(the difference between cost area CBNMM and benefit-marginal re-
venues area CBM). But the loss sustained by providing these
additional highway services would be more than offset by the
excessive profits (equivalent to area ADB) made on the preceding
units of output. In other words, it might be argued that the toll
road operator would still be in business as long as the potential
loss from providing services to the community at less than cost
(area BMN in Figure 13, for instance), was smaller than the net

earnings extracted at lower output levels (area ADB).
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This line of reasoning, within the framework of the present
analysis and under the assumpfions stated eariier, must be rejected
absolutely. It is most misleading since it introduces different
criteria, such as income distribution desiderata, monopoly pricing
and control problems which were deliberately not brought into the
discussion at this stage. The line of reasoning is primarily di-
fected at the implications and consequences of a regime of "charging
what the traffic will bear"™. It seeks to attack the fact that a po-
tential consumers' surplus (area ADB in Figure 13) is priced away
and is turned into a producers' surplus. The argument in the
preceding paragraph is thus concerned with the alleged "excessive"
size of net earnings or the "unreasonably high" rate of profit accruing
to the entrepreneur. It is essential however, that we concentrate
at this stage on the most immediate and important question: will
the toll road entrepreneur plan the investment of pfgductive re-
sources in the most efficient manner? An analogy drayn from the
realm of railway transportation will clarify the issue.

Investment Planning - Analogy with Railway Transport

Let us translate the toll road situation described on the
preceding pages into a comparable problem of railway transport.
Supposing the management of a railway company has to decide how best
to invest productive resources for modernization or expansion of
operations. After special stufies have been carried out the merits
of various proposals for capital investment in plant or equipment
might be compared. Thus the advantages of, say, the purchase of
modern diesel locomotives might be contrasted with those of invest-
ment in an improved rail route linking two points. Using methods

similar to those described in Chapter I and illustrated in Figures
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5 = 8, the railway company will Aetermine the most effective combi~-
nation of track and vehicle expenditures in order to minimize=totél
transportation costs.

Supposing it has been found that investment in a new rail
route connecting two points, involving construction of a tunnel,
elimination of excessive grades and curves, shortening of distance
and the like, wlll be most profitable for the company and will be
proceeded with. The decision will undoubtedly be based on the
consideration that this project promises to yield the greatest
benefits (in terms of overall cost savings and service improvements)
relative to costs. The railway company, in its endeavour to maxi-
mize net benefits (gross benefits less costs) will therefore act
exactly like the toll road entrepreneur in the situation illus-
trated by Figure 13. It will also apply similar criteria to deter-
mine the most desirable level of output.

It is important to note that the decision whether to invest
in rolling stock or in track modernization, or in both, is one
which concerns the railway only. It is also an internal management
matter, of no interest to anyone else, to decide what quantities of
output shall be produced. Going further, no outsider would have
the right to question the way in which the costs of the particular
rail route improvements are internally allocated to the various
types of traffic making use of the facility, nor would normally
anybody consider probing into the way In which reallzed cost
savings are divided between, for instance, passenger and freight
traffic.

Even the question whether or not cost savings realized by

the railway company are passed on to users in form of lower rates
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would normally not arise at all in connection with the planning
of operational improvements. The public would merely expect

the railway company to invest money in the most "profitable"
manner, i.e. in such a way that the greatest possible cost re-
ductions are achieved. Whether these cost reductions will then
accrue entirely to the railway company in form of higher profits,
or whether the users will benefit through lower rates, would be
regarded as a different problem altogether. Normally reliance
would be put on competition to maintain the level of rates at a
low level and not on other factors.

It is clear that the railway company's actions have to be-
judged in the light of two different sets of circumstances. In
the first place an investment decision has to be made. Un-
doubtedly it is in the public interest that scarce resources
are put to the most profitable use. The railway management is
presumably the agency best qualified to decide how to effect the
greatest improvements in efficiency and cost savings with these
scarce resources. Presupposing rational action, the railway in-
vestment decision will therefore also lead to benefit maximization
for the community at large.

Secondly, soclal welfare criteria might be applied to
the problem of distributing the benefits resulting from the in-
vestment among different individuals or groups within the community.
One might ask: should the railway company be allowed to make great
profits? And: should these large profits not be passed on to the
community in the form of lower fares?

It should be observed that in the first instance we are

concerned with the most efficient allocation of resources for pro-
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ductive purposes. Our interest centers, as it were, on the size
of the pie which production will yield. In the second case our
aim is a soclally desirable distribution of the various slices of
the pie.

To achieve the second objective the railway company might,
for instance, be compelled by law to charge only rates which will
yield "reasonable" profits. In other words, a certain proportionate
relationship between rates an? costs might be enforced by special
regulatien and legislation. In our example, with some reductions
in costs made possible by rajl track improvements, the railway
company woulc¢ then presumably be compelled to lower its rates
accordingly.

This course of action to which the rallway company might be
compelled by law would, however, probably inhibit the management in
its endeavours to increase efficiency. If all cost savings have to
be passed on automatically in form of lower rates or other con-
cessions, there would be no real incentive for the company to
introduce improvements in the first place. The second objective of
fair shares for everybody might therefore conflict with the first
objective, the most efficient allocation of resources,

For this reason reliance might be placed on competitive
forces to keep the level of profits down. Competition may force the
railway to modernize its plant, for instance. The improvement in
the rail route may then conceivably not lead to greater profits
for the railway at all, but may just barely allow the company to
stay in business i; the face of, say, truck and airline competition.
A high rate of profit, supposed to be socially undesirable, appears

therefore in many cases to be caused by the absence of competition,
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rather than by‘other factors. New investment by outsiders in
transport facilities in the particular region, and hence com-
petition, will, however, be encouraged by high profit expectations.
Thus in the sequence of events; investment will not lead to high
profits, but rather high profit expectations will induce invest-
ment and this in turn will, in the long run, cause realized
profits to fall.

We can therefore tentatively conclude that in the case
described the criteria for the most efficient allocation of re-
sources for investment purposes will, in the long run, also satisfy
the requirements of distributive justice.

The same reasoning can be applied to our toll road model.
It certainly is most desirable from the community's point of view
that the toll road entrepreneur should invest in the project, and
select the particular output level, which promises to yield the
greatest benefits relative to costs. He will have every incentive
to adopt such a course of action because it will also give him the
highest net earnings relative to costs.

Assumption of Equal Charges

As an additional test for this proposition let us assume
for argument's sake that the toll road operator -- under some
anti-monopoly and rate equalization laws -- is forced to charge
uniform tolls to all users. What is the position if he charges a
flat tariff atlthe level OE (see Figure 13)? If he charges uniform
tolls of the magnitude OE he will still produce, as before, OC N
quantities of highway services since he could not improve his net
earnings by shifting to any other level of output. Total revenues
would be equivalent to the area of the rectangle OEBC, tbtal costs

equivalent to the area OAKBCI and therefore net earnings equivalent
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to AEBK. We could say that part of the "pro~ucer's surplus" which
would ordinarily have accrued to the toll road entrepreneur in ifs
entirety (area ADBK) under a regime of "charging what the traffic
will bear", is now passed on to.;sers in form of a "consumers' sur-
plus" (area EDB). Hence, a socially more desirable distribution of
benefits to be reaped from the toll road project can be achieved by
enforcing a uniform charging system, without violating the criteria
for the most advantageous allo¢atlion of resources and for the choice
of the most efficient level of output.

It should be noted, however, that there is no guarantee
whatsoever that the toll road operator will select this particular
level of uniform toll chargés. Depending on the shape of the margi-
nal cost and revenue curves =-- and we can say nothing about their
configuration without further enquiry -- it would be a great coin-
cidenée indeed if the toll level OE, socially Aesirable for invest-
ment and production reasons, would be identical to the level of
charges desired by the toll road entrepreneur.

For example, let us assume that the marginal cost and
revenue curves dre shaped as shown in Figure 13 a. Since the toll
road operator seeks to maximize the size of net earnings, he will
probably choose to produce output OI and not OC (see Figure 13a);
hig netuearnings in that case are AFKM, presuming that they could
not be increased by producing at any other output level. Hence
socially desirable output and investment objectives (quantity OC)

" under these circumstances do not coincide with the objectives of
the toll road entrepreneur (quantity OI).

Let us recapitulate., We assumed that the toll road entre-

preneur was compelled by law to charge uniform rates, We endowed

the toll road operator, however, with powers to set the one-price
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tariff at a level of his own choice; this is a realistic cor-
dition consifering the very sreat difficulties confrontin:
legislaturesor government depzrtments when they attempt to take
rate making upon themselves. Consequently, the toll rond -
operator will set his rate level in such a way that his net
earnings are maximized. We hove seen in Figure 13a that the
quantity of output produced uncer these circumstances may wcll
be smaller than the one produced under a regime of "charglng
what the traffic will bear" (see Figure 13).

Based on these considerations a general rule can bs
established. Regardless of the configuration of the merginal
cost curve a uniform tariff system, compared with a regime of
"eharging what the traffic will bear", will have the followlng
results:

(a) 1t will pever lead to greaster output quantities;

(b) it may lead to the game output quantities;

(c) 1t may lead to gmaller output quantities.
It appears, therefore, thnt the enforcement of uniform charges
may result in lower procuction and underemployment of renources,
whereas "~lgsimilar pricing"*k will slways lea” to maximu.a pro-
duction and employment of resources.

This is not to argus, however, that even greater output
quantities could not be achieved. The tcll road entreprensur

could be forced by law, for example, to increase his production

M The term "digsimilar pricing" is used by A. M. Milne<lo)
in preference to "discriminatory pricing", as a substi-
tute phrase for "charging what the traffic will bear'.
His terminology will be followed in this study.
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until he made neither a profit nor a loss°*E In that case he
would be obliged to charge 0D and produce 0G, with net earnings

on the initial units of output (area AHD) exactly cancelled out

by net losses on the subsequent quantities (area HBL); users con-
suming service quantities OI, in this instance, would then "subsidize"
consumers of quantities NG (see Figure 13a). Even greater output
quantities could of course be achleved if the toll road entre-
preneur is state subsidized, or recompensed for certain unremune-
rative services.

If we assume that the general welfare criterion'marginal
costs equal marginal revenues" applies to all economic activities,
however, then 1t 1is likely that Aissimiler pricing will produce the
socially more desirable output solution. One of the best wrlters
on the subject of transport economics, A.M.Milne, recognized this
possibility by stating in his book The Economice of Inland Trensport,
that:

"... the principle Eof dissimilar pricingJ may promote a
greater utilization of indivisible and fixed resources
and may thereby permit indiviesible anA fixed costs to
be spread over a larger volume of traffic. In this
way the practice of dlscriminatory pricing may confer |
economic benefit, a benefit reprasented by the fact that
transport rates and fares are rendered lower than they

would be in the absence of Alscriminatory pricing.

* ¢ we interpret totnl costs as including "reasonable return
on capital" or "reasonable profit", or some such concept,
our example would 1llustrate a public utility rate regulation
situation.
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When interpreted within a cost framework, the prirciple
of charging what the traffic will bear indicates how an
indivisible cost - whether an indivisible variable cost
or a fixed cost - can be spread over different traffics
with the minimum of discouragement to actual an? potential

transport users." (11)

"A reluctance to indulge in dissimilar pricing, on the

- ground that such a pricing practice does not accord with
what 1is to‘be expected when a transport service is pro-
vided és a "public serv’ ce", may render unremunerative
services which would be remunerative if a greater measure

of dissimilar pricing were adopted." (12)

Toll Road Model - Conglusion and Summary

Réturning dnce more to our anelogy with railway transporf,
we can say that some analytical complications arise in the toll .
road case merely because of the separate ownership of vehlcles on
the one hand, and of the highway facilities on the other. This
problem, of course, does not exist in the fleld of rallway trans-
port. Xet it appears that the theoretical Aifferences between
rail and road transport are not very importont.

Let us take the question of selection of output levels, for
instance. The rallway will simply make sn internal declsion to rﬁn
50 many trains per day on a certain route and will construct the
track accordingly. The toll road entrepreneur will have to go out-
slde his own organization, into the transport market, to assess the
demand for highway services. But we will finf on closer inspection

that ﬁhe railway in the last onalysis also has to go into the market
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to assess the deman” for freight and passenger transport in the
first place, in order to plan for the right number of trains per

- day and the right type of route. The demand analysis methods,

the economic and physical working rules to be used, would basically
be the same for railway management and toll road entrepreneur. The
only slight difference is the fact that the railuay produces and
sells the final product "transportation", measured in ton-miles,
passenger-miles or other units, whereas the toll road operator
sells the intermediate product "highway services made available".
It is a difference of degree and not of substance.

Before we go on to analyse in Chapter III further theore-
tical and practical implications of the toll road model, it will
be helpful to summarize the discussion pursued so far.

(L) A potential toll road entrepreneur, assumed to be
operating within a perfectly competitive environ-
ment, will as a first step compare all investment
opportunities open to him.

(2) Guided by the precept of profit maximization he
will choose the one project which promises to yield
the highest potential net earnings at the lowest
degree of risk. His choice will be in the best
interest of the community as a whole,

(3) Within the framework of a feasibility study he will
study the present and potential future demand for
toll road services in various areas.

(4) Potential net earnings (gross earnings less total
costs) for each project will be estimated. The

entrepreneur will logiéally adopt a "charge what
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the tréffic will bear" rate policy. Hence, gross
earnings will be equal to maximum benefits con-
ferred on toll road users.

(5) A supply analysis will be carried out which con-
sists of estimating marginal costs associated with
various levels of output.

(6) It 1s the toll road operator's ultimate aim to
maximize net earnings. Therefore he will choose
the one project which promises to yield the
greatest net earnings relative to investment outlay.

(7) The level of output of highway services will be de-
termined by the intersection of the marginal cost
and marginal revenue curves. At any other level of
production the toll road operator!s net earnings
will be smaller.

(8) The same criteria for investment planning and choice
of output level apply equally to railways and to
toll roads. The final Aeclsions in each case are
in the best interest of the community as a whole.

(9) Distributive justice and welfare arguments are
directed at the level of profits, and hence the
absence of competitlon, rather than at the results
of planning ofvinvestment.

(10) High profit expectations will induce investment and
this will, in the long run, cause profits to fall.

(11) It can be tentatively concluded that the criteria of
efficient resource allocation for investment purposes

will also satisfy the requirements of distributive

justice.
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ITI. PRICE, COST AND OUTPUT DETERMINATION

In Chapter II it was assumed that the toll road entre-
preneur will be able to assess fairly accurately costs associated
with various levels of output. It was also stipulated that he will
be in a position to measure, by market research or technical studies
or in some other way, the toll charges individual users are willing
to pay for highway services rendered to them. It was found that
the most desirable level of output will be determined by the inter-
section of the marginal revenue and marginal cost curves.

In this chapter an attempt will be made to exﬁmine more
thoroughly the forces and factors which shape the marginal cost and merginal
revenue curves. Problems associated with the determination of |
price, cost and output solutions will be discussed.

Fallacy of Assuming Ho ne H ay Service Units

So far in our analysis it was taken for granted that there
are homogeneous units of highway service which are being demanded
and supplied. Thus in diagrammatical problem presentation (for
instance in Figures 12 and 13) "quantities of highway services",
measured in ton-miles, passenger-miles or vehicle-miles, were
plotted along the X-axis. This procedure, which was adopted to
simplify the anal;sis, ignores the important fact that homogenelty
of output or consumptibn units is the exceptlion rather than the
rule in the realm of transportation.

Unfortunately, in many instances planners, economists,
government officials and transport operators without
hesitation compute, édd, price, allocate resources to, regulate

and tax ton-miles (or vehicle-miles, or passenger-miles), demanded
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and supplied under the most diverse of circumstances, as if ihey’
were all identical units and strictly comparable to each other.

The confusion arises perhaps because physical units of
measurement are involved. A ton-mile, for instance, is the move-
ment of one ton a distance of one mile. Everybody knows what a
ton is and everybody knows what a mile is; both units of measure-
ment -- taken separately -- are internationally recognized. It
does not follow, however, that the ton-mile, or the other trans-
port units, can serve as stancfards of measurement. Let us look
at distance. Distance seems to be a Qery simple concept. Yet
great care has to be taken to ensure scientific comparability of
distances and the basic unit of the metric system, the metre, is
elaborately defined as "the distance, at 0P Celsius, between the
centres of two lines engraved on a bar of platinum-iridium kept
in Paris". It seems reasonable to suggest that the use of the
ton-mile as an accurate unit of measurement should be deferred
until an internationally accepted "standard ton-mile" makes its
appearance somewhere in a heavily guarded, temperature=-controlled
glass shrine.

The following quotation will underline the point that
there is a great variety of "ton-miles" to be found in this world:
"According to the [?OS{) Bureau of Public Roads, the

average ton-mile cost of carrying goods on a human head
is 88 cents; by oxcart 68 cents; by pack animals 20 cents;
in trucks on passable roads 15 cents; in trucks on im-
proved highways 10 cents. Coastal tribes in East Africa
transport grain to nearby villages at approximately $1.40

per ton-mile.... Oxcart transportation in Guatemala and
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Panama is still $1.00 per ton-mile compared to 22 and 12
cents per ton-mile respectively by truck. The average
ton-mile cost in the United States for Class One Motor
Carriers is estimated at 5.5 cents. Where good roads pre-
vall, pay loads are larger and hauls longer, as in the

Rocky Mountain Section of the United States, the average

ton-mile cost for the same classification is a low 4.0

cents." (13)

Returning to our model, it will be recognized that one
highway service unit supplied will differ greatly from another,
seen from the toll road operator's point of view. To accommodate
a vehicle in the middle of the night, during an off-peak period,
will cost practically nothing. Yet the same vehicle added to a
traffic volume which already fully utilizes the maximum capacity
of the roadway will call for most substantial expenditures, for
instance on lane widening or construction of an extra lane.
Similarly, the provision of structures, base, surface, shoulders
and right-of-way for extremely small and light vehicles will re-
quire relatively small expenditures compared with the cost of
roadway components necessary for heavy and large vehicles. To
give a specific example: it will be impossible to say without
further study whether it will cost more or less to accommodate
ten vehicles of one ton each, than one vehicle weighing ten tons,
on a one-mile stretch of highway. Yet in both cases 10 ton-miles
of highway services are being rendered.

The same applies to the demand for toll road services,
looked at from the users' point of view. Demand for highway

travel will probably be very intense during peak traffic hours
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when potential users are prepared to pay substantial sums to get
to the office in time, or to return home quickly. There will be
very little demand for highway services, on the other hand, on a
winter's morning between 2 and 4 a.m. Furthermore, demand for a
ton-mile of passenger car travel will differ fundamentally from
demand for a ton-mile of highway service required by a bilg tractor-
trailer combination. Again, we cannot compare the demand for a
mile of highway travel of ten passenger vehicles of one ton each,
with the demand for a one-mile trip by a ten-ton truck. Yet in
both cases 10 ton-miles of highway services are being demanded.
It is easy to see that "highway service" is a multi-
dimensional concept, varying with time and place, frequency of
use, quality of service, size, weight and speed of vehicle, and
other factors. It is less easy to devise methods to explain and
assess the inter-relationships between these variables. Most
admirable studies have been published which show highway costs
as a function of vehicle occupancy over time or space. Other
studies now under way seek to establish the relationship between
vehicle weight (or axle weight, or pressure per square inch of
tire in contact with the pavement, etc.) and the costs of con-
structing and maintaining different types of highway. (24)
Yet to this day nobody has found a scientific answer to
the following, relatively simple problem: Suppose it has been
found by engineering research and experiment that heavy commercial
vehicles require road surfaces and base courses twlce as thick
and costly as those necessary to accommodate passenger cars. If
only one road lane is required to carry all the passenger cars

and trucks, it has been decided to hold the heavy vehicles
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responsible for, say, half the total cost of surface and base
course. Suppose now that there are a great many more passenéer
cars and only a few trucks and a second road lane has to be built,
It is not practicable to segregate traffic, i.e. to designate
heavy vehicles to one of the two lanes only, with passenger cars
being allowed on one or both. Consequently both lanes have to be
constructed to superior standards. How are the costs of the
second lane, and especially costs of extra surface and base course
thickness, to be allocated among passenger cars and trucks?

There are probably as many answers to this question as
there are writers on the subject. Add to the problem described
above other factors, such as construction costs caused exclusively
by climatic conditions ==~ regardless of traffic use =-=- and the
difficulties inherent in our discussion will become even more
apparent.

Use of Three-Dimensional Diagrams

To introduce greater realism into this discussion of high-
way price, cost and output determination, use will be made of
three-dimensional diagrams in the following analysis. It should
be emphasized strongly at the outset that this technique can only
be regarded as an expository device. It cannot provide any
solutions, but rather is meant to demonstrate the difficulties of
arriving at solutions.

In most of the current literature on highway pricing and
the allocation of cost responsibilities to different vehicle
groups usually three variables are considered, but only the re-
lationship between two of these is normally discussed at a time.

In most cases the relationship between vehicle weight and highway

IIT - 65



costs (prices) is singled out for detailed analysis and then the
influence of traffic volume on road costs (prices) receives separate
treatment. The fact is therefore frequently overlooked =~ and also
not drawn to the attention of the reader =-- that both traffic volume
and vehicle welght react simultaneously upon highway costs, form an
integral and inseparable part of the road cost universe and there-
fore cannot properly be analysed separately.

The three-dimensional diagrams which follow may demonstrate
the more complex relationships which arise when there are three
variables. Initially here too the effect of traffic volume and
vehicle weight on highway costs and prices will be studied. It
should be borne in mind that these are not the only important
factors and that there are many others =-- such as vehlicle speed,
driver behaviour, climatic and safety considerations -~ which
should be taken into account as well.

It should also be noted that the two variables, traffic
volume and vehicle weight, which have been singled out for analysis
are not necessarily independent of each other. Thus in real life
there may be a strong positive correlation between the volume of
traffic and the proportion of heavier vehicles travelling on any
one highway. Thus on a heavily travelled primary highway a greater
percentage of large, long=-distance tractor=-traller combinations may
be found than on a secondary highway. However, any conclusions which
can be drawn from such observations do not materially affect the sub-
sequent theoretical analysis.

High c Apalysis - Influence of Vehicle Weigh
In Diagram 14 highway costs are plotted against the vsrtical

axls, whereas the other two axes denote vehicle weight and traffic

volume.
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Vehicle weight could simply be gross vehicle weight. Gross
vehicle weight determines partly the cost of highway bridges, since
these have to be designed to the maximum loads they are called upon
to carry. As far as the cost of highways, rather than structures,
is concerned most engineers believe that axle load is the better
unit of measurement. As Thomas H. MacDonald, Commissioner, U.S.
Bureau of Public Roads, put it:

"The axle load of vehicles is the principal determinant of

the supporting capacity that must be provided in the sur-

faces and foundations of roads. All roads, of whatever

design, are limited in their axle-load supporting capacity.“(IS)

Other experts claim that "pressure per square inch of tire in
contact with the road surface" is a unit of weight cost measurement
superior still to axle loads. Going further, in effect another di~-
mension might be added to the simple weight concept of highway costs.
If there is a correlation between the deterioration of component
parts of the highway and the number of load applications inflicted
upon the pavement and base course, =-- and many highway engineers
believe this to be the case =- then "weight" per se would not be a
very satisfactory measure. It would be better then to introduce
"number of axle loads of 'x' weight applied to the highway per period
of time" or some such concept.

However, for the purposes of this analysis it is sufficient
to beér in mind that vehicle weight =-- whether measured by axle load,
gross vehicle weight, number of load application;éér period of time,
or in any other way =-- will influence the design, construction and
hence the cost of certain components of the highway. As will be

seen subsequently, climatic and other factors also contribute to the

cost of these items.
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Highway Cost Analysis ==- Influence of Traffic Volume

Traffic volume, as a concept, requires a time dimension.- It
has been defined in the following way:

"Traffic Volume - The number of motor vehicles moving in a
specified direction or directions on a given lane or roadway
that pass a given point during a specified period of time,
viz., hourly, daily, yearly, etc.™ (16)

Complementary to traffic volume is highway capacity, defined
as "... the ability of a roadway to accommodate traffic." (7)

What 1s the cost relatiohship between the two concepts?

The maximum number of vehlicles to be accommodated at any
given instant of time will largely determine the geometric design of
the highway, i.e. all the horizontal and vertical dimensions of the
facility, such as number of traffic lanes, their width, sight dis-
tances, alignment, profile, gradients, maximum curvature, shoulder
widths and so on.

But even when maximum traffic volume is known, geometric
design standards do not automatically follow. Important assumﬁtions
have to be made as to the size of vehicles, their speed, the time
intervals between vehicles departing from the starting point and the
smoothhess or irregularity of traffic flow on the open highway. The
provider of highway services, in our case the toll road operator,
also has to observe certain minimum standards of safety, congestion,
distance between vehicles, passing opportunities-- in short, quality
of service factors -- which the highway users, or the law, will
insist upon.

In passing, the relationship between vehicle speed and the

traffic volume which can be accommodated on a given type of highway --
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and hence highway costs =-- should be mentioned. M. Beckman, C. B. o
McGuire and C. B. Winsten in their conceptually arvanced Studies in :“? -
the Economics of Transportation (18) discuss the maximum flow of
vehicles which can safely travel on a road at various uniform speeds.
The writers point out that since "flow" is the quotient of "speed"
divided by "spacing", hypothetical or empirical spacing functions
must be postulated. Depending on one's idea of what constitutes
"safety", certain values for the distances required to decelerate
vehicles from various speeds can be assumed to arrive at the "minimum
safe spacing of vehicles" and hence maximum flow. Evidence from the
Highway Capacity Manual (19) 1s cited which shows:

"In most of these studies the uniform speed corresponding
to the point of maximum flow has been found to be sur=-
prisingly low, in the 11 - 25 mph range; the maximum flow
itself is usually around 1800 vehicles per lane per hour." (20)

The reason for this is:

"... that at high levels of speed, the added spacing that is
necessary for a further speed increase more than offsets the
direct effects of speed itself in bringing about an increase
in flow." (21)

The concept of "speed", if introduced into our highway cost
analysis, would therefore constitute a fourth dimension of the cost
universe., If, as the studies quoted above seem to indicate, accom-
modation of the maximum of 1800 vehicles per lane per hour calls for
a travelling speed of (say) 20 mph, then under peak traffic conditions
a passéhger car cruising at 50 mph, or at 5 mph, would occasion
greater highway costs than the same car going 20 mph at the same time

of the day.
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It would also seem, from the users' point of view, that per-
missible travelling speed is an important highway service factor.
Motor vehicle operators would certainly be prepared to pay additional
tolls for high-speed travel. If the speed concept is introduced into
our cost analysis, it would therefore also have to be taken into con-
sideration in the subsequent highway revenue studies.

However, it is impossible within the framework of economic
analysis to go into all the effects of traffic volume, speed and
other related factors on geometric design requirements, a subject
which properly belongs within the purview of the traffic engineer and
the highway design engineer. It may suffice to quote an authoritative
opinioﬁ on the subject:

"Research in t?affic operations over the past several years

has established the effects of traffic volume on geometric

design requirements for both rural and urban facilities to

a high dégree of reliability, especially for the items which
have the greatest effect on construction costs." (22)

In this connection attention is also drawn to probably the
best reference source, the Highway Capacity Manual issued by the
Bureau of Public Roads.(23)

Three-Dimensional Highway Cost Analysis

Bearing in mind that traffic volume and vehicle weight are
only representative labels for a number of other factors which can-
not be studied at this time, we can now consider Figure 14. Highway
service units, which were treated before (Figures 12 and 13) as
simple, homogeneous quantities and therefore as points on a plane,

now become points in space in this three-dimensional diagram.
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To take a specific example: in Figure 13 distance OC on the
horizontal axis denoted (say) 10,000 vehicle-miles of highway ser-
vices rendered; CB (= OE) therefore incficated the marginal cost of
providing highway services for the ten-thousandth vehicle-mile. By
comparison in Figure 14 highway service quantities are no longer
treated as simple, homogeneous units, but are broken down into two
 component parts: accommodation of traffic volume -- a flow and
time concept -- and accommodation of vehicle weight -~ an intensity
of use concept. Thus distance A'A may indicate highway services
rendered to the one-thousandth vehicle moving at a certain hour of
the day in a specified direction over a certain one-mile stretch of
the highway. In that case OA! would measure highway services for
999 vehicles and OA for 1,000 vehicles.

Similarly, distance OB' might measure highway services
rendered to li-ton vehicles and -- 1f one-ton weight increments are
used -- OB to vehicles with gross weights of 15 tons. Linking the
two variables, C'C will then denote highway services rendered to a
15-ton vehicle travelling in a given direction and at a certain
time on a certain stretch of highway which is already being used
by 999 motor vehlcles,

The marginal costs of accommodating these increments in
highway use are measured by vertical distances from the points
denoting the service units. In our example (Figure 14) distance
CD‘kwould be a measure of the marginal costs of providing highway
services for one more vehicle added to a traffic volume of 999
vehicles already travelling, this one vehicle weighing 15 tons,

rather than 14 tons or less like all the other vehicles.

¢ To simplify the diagrammat’ cal representation distance, rather
than rectangles, will be taken to represent marginal costs.
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We can now proceed to other examples of highway services
being rendered. Distance OF might measure the accommodation of motor
vehicles with a gross weight of 5 tons and OE the rendering of road
services to 20D vehicles, at a certain hour under certain conditions.
Consequently distance GH would represent the marginal cost of adding
one vehicle with a gross weight of 5 tons, rather than of 4 tons or
less like all the other vehicles, to an existing traff’c volume of
199 vehicles. Similarly, distance LM might measure the marginal
cost of accomnodating one 2-ton van, rather than a lighter passenger
car, in addition to 99 vehicles already using the particular stretch
of road.

So far we have obtained three marginal cost polnts in space:
points M, H, and D. Using analogous procedures a”itional points
will be obtained. For example, distance PN would measure the
marginal costs caused by a very light passenger car when accommo-
dated under peak-traffic conditions. In the same way distance RQ
would denote the marginal cost of providing highway services for
an extremely heavy vehicle during off-peak hours.

By carrying out hundreds and thousands of observations, by
relating in a multitude of cases vehicle weight and traffic volume
similtaneously to highway costs, it will be possible to build up
gradually a plcture of highway costs associated with increments in
vehicle weight and traffic volume. If sufficient numbers of cost
measurements are recor<e’ as points in space, eventually the con-
tours of an irregularly shaped marginal cost surface will emerge.

An example of such a marginal cost surface is shown in Figure 15.
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Let us assume that in this diagram point B denotes the maximﬁm
combination of traffic volume and vehicle weight that will ever be
imposed by any motor vehicle at any time. The vehicle calling for the
mo;t extreme combination of vehicle weight (or size) and traffic volume
services, will have a weight equivalent to distance OC on the X-axis
and it will travel during the peak-traffic hour, thus resulting in a

total traffic volume measured by OA on the Yeraxls. The marginal cost

of serving this "extreme" vehicle will be equal to the vertical dis-
tance BE. The total cost of providing highway services for all motor
vehicles up to and including the one denoted by point B will be equi-
valent to the space below the marginal cost surface and bounded by
points ONADBECF.

T It should be emphasized that in the example illustrated by
Figure 15 the size of the total cost "pie slice" just described indi-
cates maximum total costs of the most extreme service quantities the
highway will ever be called upon to serve. Enclosed within the
highway service boundary lines OABC are, therefore, by definition,
all the less exacting use combinations. This does not mean that a
number of actual highway use combinations need actually be located
along these bouﬁdary lines. In other words, the projections of the
irregular lines DE and EF do not have to be straight lines.

The configuration of the total cost "pie slice" can perhaps
best be explained by a number of examples. Let us assume that dis-
tance OV on the X-axis denotes highway weight services rendered to a
passenger car. Let us now postulate that this passenger car travels
during the peak traffic hour, thus contributing -- as the last
addition -~ to a total traffic volume equivalent to Aistance OA.

The highway services required by this motor vehicle are then desig-
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nated by point T and they could be rendered at a marginal cost equi-
valent to distance TU. The two highway users denoted by points T
and B would, therefore, require the same traffic volume services,
although they differ greatly as regards the amount of weight they
inflict on the highway. There need be no other vehicles, of whatever
weight, besides the two just mentioned which require the same extreme
traffic volume services. All other highway=-use combination points
would then be located to the left of line AB and further inside the
rectangle OABC. Hence irregular line DE, the locus of all the
marginal costs assoé&ated with extreme traffic volume services, may
be curved inwards in the direction of origin O,

To take another example: point Q may designate highway ser-
vices required by a heavy vehicle (weight 0S) travelling at off-peak
conditions (traffic volume OP). The marginal costs of accommodating
this user would be equivalent to distance QR. Point R is, of course,
as we have seen before, one of many marginal cost points which to-
gether determine the contours of the marginal cost surface.

It will be quite impossible to say without further study
whether highway-use situation T will occasion higher marginal costs
than highway-use situation R, or the other way around. In the former
case the costs of accommodating the weight of one passenger car will
be very low indeed, but possibly an extra lane may be required to
allow the car to travel at the height of the traffic peak. In the
latter case, traffic volume costs will be negligible if the truck
uses the highway, for example, between three and four o'clock in the
morning; but conceivably an extra inch of pavement may be required

to carry the additional weight of the vehicle.
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Cost responsibilities for each vehicle, if they had to be

a ,;’ .

worked out, would depend on the exact spatial configuration of the -
marginal cost surface. Mhrginal costs would, of course, also be
influenced by the number of vehicles sharing in additions to pave-
ment thickness, number of lanes etc., if these increments are added
in "gteps" rather than in infinitely small doses -« a state of
affairs likely to be encountered in practice.

For instance, an additional traffic lane may allow an extra
traffic volume of (say) 1,000 vehick?s per hour to be accommodated
on the highway. The marginal costs ;f adding‘one traffic lane would
then be shared by these thousand vehicles making use of it. Simi-
larly, one additional inch of rigid or flexible pavement may make
possible, for instance, additional 250,000 load applications of 20
tons gross vehlcle weight each per annum. The marginal costs of
the extra inch of pavement should then be distributed among the
vehicles inflicting the additional load applications on the highway.

Can we say anything about the shape of the marginal cost
lines DE and EF and all the other contour lines in the vertical
plane? They will have the same characteristics as the ordinary two-
dimensional marginal cost curves illustrated, for example, in Figure
13. The two axes are now AD, measuring marginal costs, and AB,
measuring quantities of highway services rendered in terms of
vehicle weight or numbers of load applications; traffic volume ser-
vice is held constant. The same applies when we hold lesser quanti-
ties of traffic volume service constant (for example quantities 0G
or OP) and vary the amount of weight services supplied. Again,
marginal cost curves for these specific sitﬁations will be obtained.

Exactly the same procedure applies when we hold highway
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welght services (or number of load applications) constant, for
example at level OC., As traffic volume 1s increased a number of
marginal cost points in space will be obtained which, when connected,
will form a marginal cost curve between F and E. There is nothing
whatsoever we can say about the shape of these and all other marginal
cost curves which together constitute the contours of the marginal
NDEF. There ig not even any evidence either way whether there is a
high "ridge" running from N to E, or whether there is a depression
running diagonally through the surface of the total cost block. In
other words, there is no g priori evidence that distance BE is
greater or smaller than distances AD and CF.

The problem of determining highway costs occasioned by indi-
vidual vehicles or vehicle categories will be discussed once more at
a later stage. It is sufficient now to accept the proposition that
"highway costs" are a multi-dimensional concept, and that extremely
complex cost problems are encountered, even when traffic volume and
vehicle weight only are considered as pertinent factors.

Climatic and Other Overhead Costs

The characteristics and significance of climatic and other
highway overhead costs can also be demonstrated with the aid of
three-dimensional diagrams. In Figure 15 distance ON might repre-
sent the legal, planning and other highway costs which have to be
incurred prior to the construction of the road.

In addition to these preliminary costs there are construction
costs which are incurred regardless of traffic volume and vehicle
weight to be accommodated. The nature of these costs can best be
explained by locating along both the X-axis and the Y-axis extremely

small units of highway service some distance away from the point of
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origin. In Figure 15 distance 0G denotes (say) a traffic volume of 7,
one pedestrian per year; similarly, OI may indicate a load applicétion
of one pedestrian per annum. The marginal costs of provifing highway

se;vices for one pedestrian using the highway once per yeaf are then

represented by distance HL. The total costs of accommodating up to

and including one pedestrian per annum can be measured by the size of
the space bounded by points ONGKHLIM.

The climatic and overhead costs, apart from legal and other
preliminary costs, will include all those expenditure items which are
necessary to create a legally recognized highway. For instance,
existing legislation may call for a minimum right-of-way of, for in-
stance, 66 feet, before the highway is recognized as a public or
private thoroughfare. In addition, substantial drainage, grading
and frost protection expenditures may be incurred -- regardless of
traffic volume and weight -- solely for the protection of the road
from the ravages of erosion, precipitation and temperature extremes.
Practical Importance of Cost Analysis

It will be worthwhile to stop here for a moment to consider
whether the Intricate mental gymnastics of a three-dimensional cost
analysis will be of assistance in solving problems of theoretical
or practical importance.

As will be seen on the followlng pages, the configuration
and size of the marginal cost "pile slice" is definitely of theore-
tical interest in terms of the original toll road model. The general
shape of the marginal cost surface will determine, in conjunction
with the marginal revenue surface yet to be discussed, the magni-
tude of net revenues. Cost information will be essential too for

the planning of the appropriate level of output.
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The three-dimensional analysis will also prove most useful
when practical issues of highway user taxation have to be decided.
Most of the current discussion in this field revolves around the
so-called "incremental method of motor-vehicle tax allocation".
This method is given prominence in the "First Progress Report of
the Highway Cost Allocation Study" submitted to the Uhited’States
Congress by the Secretary of Commerce under the terms of an act
which stipulated that such a study be carried out over the period
1956 to 1959, The first report of this study project == which
probably constitutes the most intensive effort ever made by any
country to delve into the problem of highway cost allocation --
states: -

"One of the principal methods ;f attack on the motor-vehicle
tax allocation problem will be that of Adifferential-cost
analysis. The incremental solution is perhaps the best
known of the methods employing this general concept. This
solution recognizes that fwo principal factors govern the
variation of highway costs == traffic volume and size of
vehicle. By recourse to design practices and highway re-
search findings the effort is made to develop, for each
traffic-volume group of roads, a series of increments of
cost. The first increment is shared by all vehicle groups,
including the lightest. Successive additional increments
are shared by successively smaller groups of vehicles in

ascending order of size. This procedure is applied to each

i*For a selected list of references on the incremental method
see Appendix.
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major element of highway cost -- right-of-way, grading,

surface and base, structures and maintenance." (24)

A proper discussion of the incremental method and other
techniques of highway cost allocation will have to be poéﬁboned
until later. The above quotation underlines, however, how extremely
relevant and topical the preceding discussion on highway cost deter-
mination is. The same goes for the concept of climatic and other
highway overhead costs which was analysed in the preceding section.
The "first increment ... shared by all vehicle groups", mentioned in
the Progress Report, is equivalent to the first marginal cost dose
required to open up the highway to traffic, however light (defined
by points ONGKHLIM in Figure 15). This initial cost increment is
also sometimes defined as the "costs of a basic road", i.e. of a
highway designed to carry passenger cars or other light traffic
only. In the real world, as a rule, these climatic, legal, and
other overhead costs are quantitatively quite important.

Generally speaking, the incremental method is an attempt --
inspired originally by highway engineers =-- to make use of marginal
cost pricing, under a different name, for purposes of motor vehicle
taxation. We shall see in a later discussion whether this method
meets the requirements of true marginal cost pricing and various
other economic criteria. The three-dimensional technique of high-
way cost analysis will then once more be very useful.
Three-Dimensional Highway Revenue Analysis

Following analogous procedures the three-dimensional
technique can now be applied very easily to marginal revenues. In
Figure 16 the vertical axis measures the marginal revenues collected

from highway users. Since we stipulated that the toll road entre-
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preneur adheres to the precept of "charging what the traffic will
bear", marginal revenues are at the same time maximum charges
which can be extracted from motorists for service units and hence
presumably also maximum user benefits conferred by consecutive
increases in quantities of highway services provided.

In practice the toll road entrepreneur will simply charge
the highest possible'fees users are prepared to pay in each case.
He will be most anxious, however, to note the individual quantities
of highway service units in terms of vehicle weight and traffic
volume for which the tolls are being paid. The service quantities
might be ascertained by observation at the toll gate when the fees
are being paid by the users. Thus the toll collector would note
down, for example, that a passenger car owner paid $2.00 for use
of the highway at nine o'clock in the morning, or a truck operator
$5.00 at eight o'clock in the evening. It would be more convenient,
however, to ascertain the maximum fees motorists are prepared to
pay for highway use by means of market research. Interviewers
would simply ask potential users not only how much they would be
willing to pay, but also what vehicles they were driving and at
what hours and how often they were proposing to use the toll road.

In effect the toll road entrepreneur will try to obtain,
by means of observation or by market research, as much information
as possible on maximum toll charges which can be extracted from
users, related to vehicle weight and traffic volume service in each
case. For our theoretical model it will be convenient to imagine
that the toll road operator charges a double tariff: one fee for
usage of the toll road at a certain time and another charge based

on vehicle weight, or a similar "intensity of highway use" concept.
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Both charges will be "flat" fees and he will vary them in such a way
that they jointly produce a maximum toll.

For purposes of theoretical exposition let us now look at
such a hypothetical two-fold tariff system. The "traffic volume"
charges might take the form of fees which vary bver time in accordance
with users' demands. During peak traffic hours demand for highway
services will be very intense and hence these tolls initially very
high. It is easy to see why the marginal revenue plane slopes down-
wards to the Y-axis; as more and more vehicles are admitted, not only
will the intensity of demand decline, but the quality of service will
deteriorate, congestion will set in, the likelihood of accidents will
increase, travelling speeds will decline and hence the tolls pros-
pective users are prepared to pay will fall. Finally, at traffic
volume OA all traffic which is willing tb pay zero or higher charges
has been attracted. If it is desired to draw even more vehicles
onto the highway,.then negative tolls will have to be introduced; in
other words, additional users would have to be paid subsidies to
induce them to use the toll road.

Similarly with the "vehicle weight or size" charges. These
can perhaps best be visualized as tolls on the number of load appli~
cations per period of time, or space occupancy over time. In effect
they might be regarded as tolls levied on the intensity of highway
use, per hour, per month or per year. Again, as the demand for in-
tensity of highway use 1s progressively satisfied, the prices which
motorists are willing to pay for such services will decline. We
can imagine a commercial vehicle operator who would be willing to
pay very high tolls for the first x-hundred load applications

exercised by his trucks on the highway. These would correspond to
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very urgent, very profitable freight the trucker wants to move. His =--
and his customers' -- demands for subsequent units of highway service
will not be as urgent and hence he will offer to pay only greatly
reduced tolls. As we move to the right on the X-axis the marginal
revenue plane will therefore slope downward in that dimension.

Alternatively, we can regard the seconi type of tariff as a
straightforward levy on vehicle size and welght every time the highway
1s used. For technical operational reasons there presumably exists ¢
range of "optimum" vehicle sizes and weights. At points below such a
hypothetical optimum range motorists and commercial wvehicle operators
will be prepared to pay relatively high additional charges in order
to take advantage of increments in vehicle weights and dimensions.
Once the optimum range has been exceeded, users will have very little
incentive to use bigger vehicles and will therefore not offer to pay
high marginal weight and size tolls. As a consequence the marginal
revenue plane will eventually slope down to the X-axis, as shown in
Figure 16. Distance OB might define the absolute limit for the
largest and heaviest vehicle known tc exist. In practice OB would
be equivalent to the largest and heaviest commercial vehicle per-
mitted by lawe.

Let us now look at an example of a combined weight and
traffic volume user chafge. Distance EG, for instance, may
measure the maximum toll a commercial vehicle operator is willing
to pay for highway use under specified conditions. Assuming that
the vehicle concerned has a gross weight of 10,000 1bs., and is to
be added to 499 vehicles already travelling on the highway, then
maximum toll charge EG has to be positioned in such a way that

OD (= EF) measures a traffic volume of 500 vehicles and OF (= ED)
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measures a highway weight use of 10,000 lbs. In the same way :
hundreds and thousands of other maximum revenue observatiogsiwifl
be determined and plotted; consequently, the sbatial éonfiéuration
of the marginal revenue surface will eventually emerge.

It is important at this stage to rid ourselves of the
notion that charges necessarily go up with increases in gross
vehicle weight or vehicle dimensions. We are discussing the reper-
cussions of a rate system based on "what users are willing to pay".
A priori we cannot say whether user behaviour is such that higher
welght charges can be levied on a 19,000 lbs. or a 21,000 lbs.
vehicle, than on a 20,000 lbs. truck. The way in which Figure 16
is drawn should therefore not be taken to indicate that charges
which can be extracted decline all the way with weight increases;
the curves plotted against the X-axis and the Y-axis may rise
initially and then fall, or they may have some other shapes.

The irregularly shaped marginal revenue surface in Figure
16 defines the maximum limits of charges users are prepared to
pay under the various possible combinations of weight and traffic
volume services rendered. Consequently,.the size of the space
below the marginal revenue surface and contained within points
OACBI is a measure of the magnitude of total revenues collected
when all traffic willing to pay zero or higher charges is ad-
mitted to the highway.

Practical Importance of Revenue Analysis

It might be.argued that the two-tariff system, or the
notion that tdlls can be associated with definite weight and
traffic volumé quantities, unnecessarily complicates the analysis.

It could rightly be said that users are simply interested in total
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outlay and not in a breakdown of the prices they have to pay under
the headings "volume of traffic toll" and "vehicle weight toll".

True, the total toll charge will, in the final analysis,
determine whether the motorist is going to use the highway or not.
It should be emphasized, however, that the same user with the same
vehicle will be prepared to pay cifferent charges at different
times of the day, of the week or the year; hence, he does in effect
adhere to a two-structure tariff system.

Finally, from the toll road planner's point of view and
for theoretical reasons it is essential to recognize the two aspects
of the user charges. If the cost analysis reduces all highway costs
to the two factors "traffic volume'" and "vehicle weight", then it
must find its counterpart in a corresponding charging system based
on these factors as well., Only in this way can thé optimum output
and investment solution be found.

From a practical point of view the three-dimensional revenue
analysis will prove exceedingly useful when the so-called "benefit
approach™ to motor vehicle taxation is discussed later in this
study. The benefit approach, like the incremental cost method, has
achieved a certain degree of prominence in the United States in
recent years.

There is no evidence that existing toll roads in the United
States or elsewhere charge on the basis of both vehicle weight and
addition to traffic volume. LMost toll charges go up in stages with
gross vehicle weights (or axle loads). As a rule tolls are also
graduated according to mileage travelled; in many cases the mileage
charges are regressive, i.e. tolls per vehicle-mile decline with in-

creasing length of trip. For purposes of our toll road model
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travel distances -- and heﬁce mileage rates -- can be neglected if
we Adiscuss a highway which connects two points only, with no inter-
mediate points of egress or entry. If such intermecdiate points do
exist and if therefore different users desire to travel “ifferent
distances, then separate models for these various cases have to be
constructed.

There has been at least one proposal for variable toll
charging. The Bureau of Economic Résearch, Pittsburgh, Pa., recom=-
mended variable charging as ".,.. an effective and variable traffic
regulation device inherent in a toll road." The Bureau stated:

"The toll can be made variable with the time of day, the
day of the week, the month of the year, the length of the
trip, as to one or more classes of use ... Opportunities
for traffic regulation by use of variable tolls are
numerous. So far as is known the variable toll device has
not thus far been exploited in connection with toll high-

ways." (25)

The Bureau of Economic Research suggested that such "price rationing®
of highway services could be used to assure rapid movement of-high
priority traffic, deemed to be of great economic value to the
community.

OQutput Determination

We now come to the last stage in our three-dimensional
analysis: the determination of the most profitable level of output
by the toll road operator. The marginal cost surface shown in
Figure 15 and the marginal revenue surface of Figure 16 are now
combined in Figure 17. When looking at this diagram some allowance

should be made for the difficulties encountered in drawing the
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complex spatial interrelationships between the marginal cost and
marginal revenue surfaces.

Following the reasoning developed in Chapter II and demon-
strated in Figure 13, the best level of output from the toll road
entrepreneur's point of view will be determined by the intersection
in space of the marginal revenue and marginal cost surfaces. In
our case the two surfaces cut through each other at extreme output
combination point D (projected to point C). Hence the optimum‘out-
put will be OA units of traffic volume service, combined with OB
units of vehicle welght service. These are the most extreme output
values. Any further increases in traffic volume service or vehicle
welght service could be provided only at a marginal loss by the
entrepreneur.

Let us suppose now that the marginal cost curve ED for the
given extreme traffic volume OA, arrived at by varying quantities
of weight services, is fictitious, in the sense that there is no
other vehicle making use of extreme traffic volume service OA; in
that case line ED would not really exist as drawn, but would be
curved towards the origin. Will this affect our analysis? The
answer is that our analysis still applies, provided marginal costs
and marginal revenues are properly defined and measured. Even if
there is no other vehicle -- beside the one denoted by point C =--
to share the costs of the extra highway facilities needed to bring
service quantities up to levels OA and OB, these extreme outputs
will be produced as long as the one vehicle pays the corresponding
marginal costs. If there are novother users requiring extreme ser-
vice quantities OA and OB, marginal costs of the last combination

of highway service units (CD) will, of course, be very great indeed.
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To recapitulate: at output combination OB and OA the marginal
costs of rendering the last unit of highway service (CD) are identical
to the maximum toll charge (CD) which can be exacted from the vehicle
operator in question. In other words, the motor vehicle which is most
costly to accommodate on the highway -- combining heavy weight and
large size with desire for peak~hour travel -- and which at the same
time 1s just about able to cover the marginal costs.it occasions, will
determine the optimum level of output of highway services.

This 1s a most important conclusion. Suppose we were con-
fronted not with problems of profitability and net revenue maximization,
but only with the question of optimum output determination; we would
then only have to concentrate on equalization of marginal costs and
marginal revenues at extreme output levels. The configuration in
space of the rest of the cost and revenue planes would not concern
us as long as the minimum conditlon "marginal revenues must at least
equal marginal costs" is satisfied for all vehicles. Under the cir-
cumstances our time and energy would not be spent on the determination .
of intermediate marginal cost and revenue positions, but would be
concentrated on finding the extreme values. We would try to find
answers to such questions as: what extreme traffic volumes can be
accommodated without incurring a loss on the peak facilities (extra
traffic lanes, wider right-of-way etc.) which would have to be pro-
vided? And: what are the charges which can be borne by the heaviest
and largest vehicles and are they at least equal to the extra highway
costs attributable to these vehicles? Merely for the purposes of
output determination the rest of the revenue and cost schedules --
difficult to arrive at under the best of circumstances -- would be
of no particular interest to us.
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The Importance of "Extreme Values"
The practical significance of the proposition that only the

"extreme values" of traffic volume and vehicle weight or size (and
speed or any other factors which might be introduced) are required

to arrive at optimum output solutions, should be recognized. In

the real world, highway engineers do try to find these extreme values
empirically or intuitively in order to apply them to the planning of
public highways and the regulation of motor vehicles.

As far as vehicle sizes and weights are concerned, highway
authorities deliberately rule out the most extreme values by restric-
tive regulétions. Instead of limiting the weight or space intensity
of highway use to economic values by means of the price mechanism
(i.e. by letting output be determined by the intersection of the
marginal cost and revenue surfaces, as shown in Figure 17), the
authorities generally "ration" highway services by vehicle weight
and slze regulations. Thus instead of allowing the biggest and
heaviest motor vehicle in existence (equivalent to distance OB in
Figure 16) to use the highway, vehicle weights and sizes are de-
liberately cut back By regulation to what highway engineers and
administrators believe to be the "economic limits" (for instance
distance OD in Figure 17).

It 1s then a matter of debate precisely what those economic
limits ought to be. There does not seem to be one answer. Existing
commercial vehicle weight and size regulations in the Canadian
Provinces and in the United States show ;;tremely great variations
from the most restrictive to the most liberal provisions. For
example, the permissible maximum gross weight for commercial vehicles

or vehicle combinations is 106,000 lbs. in Ontario, but only 20,000
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lbs. in Néwfoundland.(26) Generally speaking, there has been a
very marked trend over the years towards both higher legal load
and size limits, and the use of gfeater numbers of heavy and large
vehicles on the highways.
For some years research into the question of extreme
welght and size values has been going on in the United States. The
Highway Research Board stated in 1954 in a study and problem outline:
"There appears to be general agreement, engineering-wise, that
highways can be buillt to carry weights much heavier than
those currently permitted but at a greater cost for the high-
way facilities. Likewlise, truck and trailer manufacturers
generally agree that freight vehicles of much greater gross-
welght capacity can be built. The carriers, the users of
both the highways and the vehicles, are divided in their
opinions regarding needed changes in size and weight regu-
lations, because some commodities need heavier payload
welght allowances, whereaé other commodities need larger
payload cargo space.
The trucking industry claims that costs of transporting
freight can be reduced with vehicles of larger size or
greater gross welght than are permitted .... and the industry
generally 1s pressing for further increases in vehicular
slzes and welghts. Whereas, primarily because of the desire
to protect their extensive system of existing pavements and
"bridges and because of the greater costs involved in further

increasing the weight capacities of highways, gtate officlals

oppose increases in size and weight limits.

From either viewpoint, the technological aspects are not the
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prime limiting factors, rather the eccnomic facturs are pre=-

dominant. It is in the joint economic relation between

motor truck operations costs; and highway facilities costs,

that there is a dearth of factual data."(27) (underlining

supplied)

Hoy Stevens, of the Bureau of Public Roads, in a paper entitled
(28)

Economic Research In The Truck-~Highway Weight Problem also

stressed the economic nature of the problem.

Research into the question of extreme vehicle size and weight
values must go on in the interest of highway transport ac a whole.
Excessively heav& construction of highway, demanded by only a few
vehicles, must be avoided; at the same time size and weight limitations
must not be frozen at too low a level, considering total true transport
cost reductions which may be made possible by the use of larger and
heavier equipment. In the United States bofh the AASHO Road Test
Project(IA) and the Highway Cost Allocation Study(29) are now looking
into the question. In Canada the writer, under a project sponsored by
the Joint Highway Research Programme of the Ontario Highway Department
and the University of Toronto, attempted to assess the demand and
future market for heavy commercial vehicles, taking into account the
views of trucking operators and truck manufacturers; a report on the
findings of this study will be published later in 1957.

Just as in real life vehicle size and weight services are

"rationed" by restrictive regulations, so traffic volume, at its ex-
tremes, 1s "rationed" by congestion. In practice highways are not
planned.and designed for peak traffic capacity (represented, for
example, by distance OA in Figure 16), but are deliberately built
for a smaller volume of traffic (such as OA in Figure 17) which is
regarded as the "economical" one. Based on empirical yardsticks
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highway engineers normally design roads and streets for the expected
30th highest hourly traffic volume in a year. In this way there
will be twenty-nine hours of peak traffic conditions when highway
facilities are insufficient and users simply have to endure con-
gestion. The deterioration of quality of highway services to this
limited extent is regarded as reasonable and necessary.

In summary we can say that if we are not concerned with
individual cost responsibilities and individual toll charges which can
be extracted from users under a dissimilar pricing regime, thén defi—
nite optimum output solutions can be found by merely determining the
extreme values of vehicle welght, vehicle size, traffic volume,
traffic speed and other factors. It was seen that some practical
procedures exlist to limit output to economic ranges of values and
that continuing research is directed at improving these procedures.

However, in the case of our model, the toll road operator
is definitely interested in the size of his prospective net earnings
and hence he has to have complete revenue and cost data over the
whole output range. Net earnings are, of course, the difference be-
tween total revenues and total costs. The magnitude of net earnings
is diagrammatically delineated by the contours of the marginal reve-
nue and marginal cost planes. In Figure 17 net earnings are defined
by points GEDFH. It is the size of this net earnings "pie slice"
tha . the toll road operator wishes to maximize.

Conclusion

In conclusion it should once more be emphasized that the
three-diagrammatical analysis employed in this chapter must not be
fegarded as a key to the many highway price, cost and output problems

which confront us in the real world. It is most valuable as an ex-
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pository device. As such it is certainly superior to any -analytical
technique which employs merely two variables at a time. Most of the |
current controversy on highway economics stems from the fact that

one writer discusses the vehicle weight aspect of road costs, the
second the influence of traffic volume and the third space occupancy,
or some other cost element.

In this chapter only fwo of a great number of factors which
together form "highway costs" were discussed. Even these two rela-
tively simple highway cost components were shown to be more complex
than might have been thought initially. For instance, a time di-
mension had to be introduced and traffic volume became "number of
vehicles per unit of time" and vehicle weight "number of load appli-
cations per unit of time". Similarly, vehicle speed was seen to
influence the maximum flow of traffic a given highway can accommodate.

The field of highway economics seems to have a great attraction
for many people -- legislators, ehgineers, economists and others --
who believe that conclusive and irrefutable solutions to the numerous
existing problems can be found with a minimum of effort and thought.
On a theoretical level of discussion it has been shown, however, that
even in the most uncomplicated of all cases, the toll road, great
difficulties have to be overcome before determinate highway cost,
price and output results can be obtained. On a practical plane one
would expect that existing toll roads -- which after all are simple
organizations compared with our complex, far-flung an? diverse public
road systems ~-- might be leading the way with advanced highway price
and cost techniques. There 1s no evidence that such methods are
employed by toll road authorities at the present time.

The present chapter will have served its purpose if it has
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emphasised the fact that there are no simple solutions in highway
economics. A careful and critical approach will therefore be an
asset when problems of public road systems are discussed later in

this study.
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IV - TOLL ROAD MODEL - FINAL CONSIDERATIONS

In the last chapter toll road costs and revenues, as well
as the problem of determining optimum output, were subjected to de-
tailed analysis by means of three-dimensional Aiagram techniques. In
the present chapter we shall once more return to the main theme: the
planning of toll road investment. First the question of additional
revenues which the toll road operator may be able to derive from
activities only indirectly related to the highway proper will be
discussed.

Additional Revenue-Producing Activities

Accordihg to the initial assumptions on the basis of which
the toll road model was set up, the entrepreneur is being neither
restrained nor encouraged by the state in the pursuit of his acti-
vities. This implies that he is pérfectly free to engage in other
revenue-producing activities which may be related to and contingent
upon the operation of the toll road. By assumption the entre-
preneur in our model decided to embark upon the promotion and
operation of a toll road as his main activity. We shall therefore
limit our discussion of additional revenue-producing pursuits to
those which are subsidiary in character to the main activity. In
other words, we shall deal only with gainful activities which are
made possible by the existence of the toll roadé
Changes in Land Values

There is a very definite relationship between improvements
in highway transport facilities and the value of adjacent land. In
some cases highway development may have a depressing effect on

property values in the vicinity; a farm might for instance be cut
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in two by the road, forcing the farmer to take circuitous routes tof.T
reach his fields; or the character of a quiet residential ﬂistribtﬁ
may be adversely affected by a heavily travelled urban expressway
running through it. However, within the framework of our toll road
model, these negative effects presumably will be reflected in the
higher land prices and toll road operator will have to pay to
property owners thus affected for the necessary right-of-way.

In practice much more important than the negative effects

will be the increases in land values resulting from highway improve-

ments. The First Progress Report of the Highway Cost Allocation

Studx(BO) discusses in a most thorough fashion the effects of road

development on both rural and urban land appraisements and notes
significant increases 1n property values in all cases which were
studied in the United States. It is shown that the construction
of the Gulf Freeway in Texas, for example, resulted in land value
increases of 121 and 78 percent in two control areas close to the
freeway, whereas land prices in two remoter areas advanced by only
26 and 5 percent (see Table 18). D. M. Winch in his study "The
Economics of Highway Planning"(Bl) shows similar land value changes
in the New York area attributable to parkway construction (see
Table 19). Unfortunately, no Canadian studies can be quoted.

While there is strong historical and empirical evidence for
a positive correlation between highway improvements and land values,
the actual nature and character of the interrelationship is diffi-
cult to appraise. The First Progress Report states:

"In the case of property~value changes resulting from

highway improvements we can, perhaps, in theory ascribe

virtually all of the rise in property values to the
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capitalizatioﬁ of time savings and other vehicular benefits;
but the two problems of (1) isolating property value changes
due to highway improvement from rises in value due to other
causes, and (2) accounting for the increi?es thus identified
in terms of transferred or capitalized vehicular benefits,
present formidable obstacles to a quick solution. The
effects, both favorable and adverse, of new highways on
properties of various types are extremely complex, but a
body of information along this line is accumulating.“(Bz)

If we accept the view that land value increases are "simply
the indirect effects of benefits realized in the first instance by
the motor vehicle"(33) an” hence are "transferred benefits", to use
the terminology of the First Progress Report, then we have to effect
a reconciliation of this ifea with one of the key assumptions of our
toll road model. If, as stipulated, the toll road entrepreneur
charge: exactly "what the traffic will bear" then there are by defi-
nition no benefits left to be transferred to other spheres once
users have got through paying their tolls. The same applies to the
other categories of "transferred benefits" which will be discussed
subsequently; these would theoretically also fall prey to the per-
fectly flexible and dissimilar charging system of the omniscient --
and greedy =-- toll road operator.

However, this is taking a very extreme and unrealistic view
of things. We can well imagine that in practice a significant pro-
portion of land value increases, although initiated in the first
place by highway development, will really be caused by a secondary

wave of population growth, change in land use, general industrial

and commercial development and other economic factors not directly
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dependent on the highway and which may thus elude the net of the toll
collector. It is also a moot point to decide whether the toll road
operator can really afford to charge away all possible direct and in-
direct user benefits, since he may have to rely on a certain amount
of economic growth to generate sufficient traffic for his toll road.

We can also recognize a category of benefits which, although
conferred by highway development in the first place, have nothing to
do with vehicular travel and therefore cannot be turned into toll
revenues. The First Progress Report(7) cltes the following examples
of such "nonvehicular benefits": pedestrians' use of sidewalks,
drainage of adjacent land by storm sewers, public utility instal-
lation on the right-of-way, services provided to abutting property
by street lighting, action of the road as a firebreak and so on.

Not all of these nonvehicular benefits will arise in the case of
our toll road, since they are more typical of city streets.

In any case, it can be expected that the toll road operator
will indulge in land speculation as an additional source of revenue;
this is very likely because trends in land values depend so much on
the exact location of the highwayy:%he points of exit and entry,
control and layout features, charges and soon-- 2ll matters of prior
knowledge to the toll road entrepreneur,

Expected earnings from real éstate activities conducted in
conjunction with toll road building will therefore certainly be
taken into account by the entrepreneur in his initial planning and
investment deliberations. The same applies to other developmental
activities he may pursue. Under modern conditions, time of travel
is more important as a location factor than fistance in residential,
industrial or commercial ~evelopment. New industries locate them-
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selves along major highways and rely to an increasing extent on road
transport which offers faster and better services -- although fre-
quently at higher rates -- than the railways. The toll road operator
may therefore very well gainfully engage in industrial promotion and
site development for productive purposes. In this way he will "sell"

a whole range of services -- transportation, industrial land, possibly
buildings and other services -- in the same way as a suburban developer
sells houses, land, access streets, sewerage, water and power supply,
play grounds, parks, zoning laws and a planned neighbourhood to his
clients.

In all this the toll road operator has to resolve conflicts
between his main function as a provider of highway services anc the
variéus adritional activities he may engage in. If he really charges
in such a way that no tranéfer of benefits to other spheres takes
place, he will inhibit any economic growth in the region and hence
neither his traffic nor his land value expectations will be realized.
If, on the other hand, he adopts a more liberal toll charging policy
but drives up land values too high In his subsidiary role as a real
estate speculator, he will certainly not attract industry and hence
motor traffic.

Clearly, he will have to strike an economic balance between
his main and his subsidiary activities. His aim will be to maximize
over' time net revenues, from whatever sources they are derived and in
whatever proportions. In extreme cases he may give away land free
to settlers or industry in order to encourage traffic. 1In gther
instances he may charge no tolls at all, or very low tolls, in order
to promote industrial activity and increases in land values.

'The toll road operator's declisions in this respect will
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largely be determined by the length of the project period he sets for
himself. Supposing he anticipates unfavourable environmental and
technological changes in the not too ~istant future and he therefore
aims at net revenue maxim’'zation over a relatively short period of
time. In that case he will possibly ignore the long-range revenue
potential of, say, industrial and residential development; he will
instead concentrate on the short-term revenue producing activities.

If, on the other hand, he adopts a long-range policy, his
initial tolls may be set at a very moderate level because this will
encourage general economic and traffic growth. Over time he will,
of course, adapt his pricing approach to the changing situations
as they develop. In this way the short-term toll charging tactics
will be subordinated to the long-term net revenue max'mization
strategy which calls for the encouragement of economic growth and
development.
Other Additional Sources of Revenue

There are other profitable sources of revenues, more directly
connected with the toll road, which he will tap. As an important by-
product of limited access to the highway -- an essential feature of
any toll road ~- there will be great scope for a variety of service
establishments catering to motorists, such as hotels, restaurants,
shops, gasoline and service stations. The rights to operate service
establishments might be let on a contract basls to concessionaires
who would bid for the franchises.

In the real world, such concessions can become very lucrative
sources of revenue for transport operators. Wilfred Owen and Charles

L. Dearing in their book Toll Roads and The Problem of Highway
Modernization quote an example from the field of air transportation:
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",.. of the $1.9 million in revenues realized at la Guayé&év
Adrport by the Port of New York Authority’during\1949, $lel
million was so-called nonflight revenue. They included in-
come from newsstands and eating counters, restaurants,
parking areas, taxl concesslons, and gasoline gtations ser-
ving automobiles."(BA)

The same authors demonstrate that revenues from concessions
constitute important sources of income for a number of parkways and
toll roads in the United States. The Merritt Parkway, for example,
obtains rent from gasoline stations an? royalties on gallonage sold.
In 1949 the revenue from these sources amounted to #271,200, or more
than the $225,049 expended for maintenance on the 37 miles of park-
way. On the Pennsylvania Turnplke, concession revenues in the
fiscal year 1949 were $362,000 or about 27 percent of the $1,334,000
expended for all operating purposes.(35)

Undoubtedly the toll road entrepreneur in our model will
also avail himself of these lucrative sources of incomes. Again a
conflict arises between main and subsidiary activities. A small
nunber of selected and well-placed service establishments will be an
asset to the toll road itself, provided a proper economic balance is
struck. For example, very high gasoline prices may cancel out all
the fuel=-saving advantages which motorists hope to derive from toll
road use. Also, 1if the number of service establishments increases
unduly, attractiveness and safety of travel offered normally by the
road will be diminished and hence traffic will decline,

While a small number of roadside establishments may serve a
proper purpose, the case of advertising signs on the highway is

unequivocal: motorists derive no advantages whatsoever from the
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presence of roadside billboards. This is a fact the toll road operator
will bear in mind. Finally, additional revenues may be obtained by
pernitting power, telephone and natural gas companies to place their
transmission facilities on the toll road right-of-way.

To conclude this discussion on additional revenues which can
be derived from activities related to toll road operation, some broad,
general principles should be stated. The opening of a toll road*e
will create opportunities for a number of profitable activities
which are, however, subsi‘iary in character since they will cease to
exist when the main activity is terminated. These auxiliary revenue
producers thrive, in the last analysis, on so-called "transferred
benefits" made possible in the first place by vehicular use.
Theoretically these other lucrative pursults could be fully ex-
ploited and be made to pay under the ordinary toll charges system.
Thus even general state and community services provided by vehicular

means,')*iF such as fire and police protection, military transport,

* 1 many cases land values in adjacent areas rise even before the high-
way has been built; this proves that land price trends, as influenced
by highway development, can be predicted fairly accurately and should
therefore be anticipated by appropriate commercial action.

WM The First Progress Report lists the following categories of trans-
ferred vehicular benefits and points out that at the same time some
of them may also be regarded as nonvehicular benefits: "(1) the social
and economic benefits of Federal, State and local government services
provided by vehicular means, e.g. fire and police protection, postal
service, and school buses; (2) the importance of the availability and
use of roads by military vehicles; (3) widely diffused developmental
benefits, both social and economic, brought about by highway improve-
ments; and (4) the creation of business opportunities, such as the
development of industrial and commercial establishments that has oc-
curred along Massachusetts State Route 128, the New York Thruway, and
other expressway facilities.

It will be generally acknowledged that all of the above-listed be-
nefits are indeed transferred benefits derived in one way or another

from vehicular use. They do present some peculiar problems, however.
For example, the benefit derived from highwa¥s in connection with fire
nrotaction 1s one of reducing the time and effort needed for fire ap-
aratus to arrive at the scene of a fire. Obviously, the value of time
o the fire department, measured in terms of the value of the property
it can save, 1s something very different from the value of time to the

ordinary automobile or commercial-vehicle operator." (36
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postal services, school buses, could theoretically be charges cn the
basis of "what the traffic will bear.® It has to be recognized, how=
ever, that there is no distinct boundary line between direct, indirsct
and transferred vehicular benefits, which could presumably all be
converted into revenue by means of toll charges, on the one hand,

and nonvehicular highway benefits which would have to be tapped by
some other means, on the other hand.

The toll road operator may find it more convenient and more
profitable, therfore, to tap these subsidiary revenue sources in=
directly, by engaging in real estate dealings, industrial develop-
ment, and by operating service establishments which cater to
motorists. He will always be guided by the basic precept of nst
revenue maximization; he will therefore in his investment calcu-
lations very carefully balance the potential revenue contributions
of one activity against the possible resultant revenue losses
sustained by another activity.

It is important to note, firstly, that he will not neglsct
any sources of income made possible by the opening of the toll
road; and secondly, that he will, in the long run, transform all
of the direct, indirect or transferred benefits created by toll rcad
use into revenue accruing to him. Although in practice some widely
diffused social and economic developmental benefits brought about
by highway improvement will escape the attention of the toll road
operator, in theory at least and over a very long period of time,
all benefits will be turned into revenue under the widest inter-
pretation of a "charging what the traffic will bear" regime.

Profitability and Priority of Toll Road Projects

Following the arguments developed on the preceding pages,
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the toll road operator will therefore interpret "gross revenues® --
one of the working parameters for his investment deliberations -~ in
the widest sense and will include under this heading not only esti-
mates of potential toll road receipts, but also gross earnings from
subsidiary activities. Total costs will only mean real costs to him,
since he will try to pass on as large a proportion as possible of
nuisance and other general costs to the community. However, as the
scope of his activities expands and as they embrace all revenue-
generating direct, indirect and transferred-benefits, so the magnitude
of costs which can be passed on to the community at large will contract,
If the toll road operator owns all the adjacent land, the nuisance
costs caused by highway dust, nolse and fumes will be borne by him in
form of lower land values. The costs of annoying motorists by means
of advertising signs or rows of hot-dog stands on the roadsiie,
through aceident costs caused by lack of access control and through
other social costs, will be borne in full by him through reduced
toll user receipts. |

It will be useful for the subsequent toll road investment
analysis, as well as for the discussion of public road systems in
the following chapters, to interpret the terms "total revenues®
and "total costs" as including all direct and indirect revenue and
cost factors. This will make it possible to take the desirable
overall view of highway finance.

After having carried out cost, revenue and feasibility
studies for a number of toll road projects, the entrepreneur will
now be in a position to arrive at a final investment decision. In

principle he will be justified to carry out all projects which
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promise net revenues (or net benefits) above costs, if costs include
interest charges.

We might therefore visualize our entrepreneur as promoting in
some order of priority all profitable projects until he reaches the
last one which ylelds no net revenues at all. Although this may
be possible in theory, there will be limiting factors in practice.

If we realistically assume that there are degrees of risk associated
with the promotion of toll roads, the entrepreneur will embark only
upon projects which yield some extra net revenues; these might be
regarded as payments for risk~bearing services rendered by the pro-
moter. Some low-profit or high-risk projects will therefore be
disregarded by him. His physical and mental capacity to promote, co=-
ordinate and to make decisions will also put a check on the number of
projects he can engage in at any moment of time.

More important is the fact that the toll road entrepreneur
does not act in isolation, but is subjected to influences stemming
from the actions of other promoters of profitable projects and from
the general economic environment. The toll road entrepreneur him-
self, by virtue of his role as a promoter of capital investment
projects, may drive up the rate of interest at which funds can be
borrowed and hence decrease the number of profitable toll road
undertakings. The promotional actlivities of other entrepreneurs
will have the same effect. Accepting Professor Davi” McCord Wright's
working proposition "that under certain reasonable assumptions the
rate of Interest would be set by the intersection of the schedule of

the marginal efficiency of capital with the rate of saving“(37),

*K1n line with the definition and breakddwn of total highway costs
given in Chapter I and Table 1, interest charges are included in
total toll road costs.
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the rate of interest will go up when the marginal efficiency of capital*e
shifts upwards, provided the level of savings remains constant.

Followling Professor McCord Wright's apt comparison,(Bg) it can
be imaglned that there is a constant flow of investment funds into
channels of investment opportunities within the entire economic
system at any given moment of time. Apart from general economic and
social factors which create investment opportunities, such as popu=-
lation growth, technical inven:ion and change, changes in tastes and
consumers' demands, entrepreneurs and promoters like our toll road
operator will largely be instrumental in opening up new channels cf
investment opportunities and directing the flow of investment funds
into these channels. If the flow of investment funds (i.e. the flow
of savings) remains the same, but investment opportunities and hence
the rate of promotional activity increase, then funds will auto-
matically be "rationed" by higher interest rates and/or inflation.
In either case, and this 1s of prime importance for our model, total
costs of all projects will be increased -- through higher capital
charges or through general factor price increases =-- and hence a
number of the previously least profitable planned projects will be
eliminated altogether.

The whole process, which is difficult to Adescribe in words
since it 1s dynamic and not static, may be regarded as an almost
automatic adjustment device regulating the minimum level of net
revenues required for the allocation of investment funds. Although

the rule still applies that the toll road entrepreneur would be

justified to carry out all projects which promise net revenues above

M Defined as "the expectation of profit to be derived from 3tarting
a new project or increasing the output of an old onet, (38
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costs, in view of the inherent instability to which this minimum
measuring mark itself is subjected, it will be necesssry to employ

an additional measuring technique to judge the relative profitability
of each project and hence the priorities for the allocation of re-
sources for investment purposes.

Relating Net Revenues to Capital Investment

There are two methodsto arrive at rational investment
priorities.’e Firstly, the net revenues which each project offers
are related to the capital investment in each case. This is the
businessman's normal calculation of the rate of profit; the result
is usually shown as an annual figure. Out of a number of proposed
projects the toll road showing the highest annual profit rate will be
given first investment priority. The arithmetical formula for the
calculation of priority figures on this basis is:

P =8 =C  x 100
I
where P is (annual) rate of net profit in percent, G, is gross (arnual)
revenue, C is total (annual) cost and I is capital investment in the
facility.

Relating Net Revenues to Total Costs

Following the second method net revenues are related to total
costs; the result 1s shown as a percentage ratio. The formula is:

R =z G - ¢
c

x 100

M For a very good discussion of the use of priority calculations in
highway plaenning and a thorough description of arithmetical
methods see R. J. P. van Glinstra Bleeker's Some Economic Agpects

of Road Development, a paper given at t?e Bnternational Road
Fecderation World Meeting in Rome, 1955. 40
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where R denotes the benefit/cost ratio, Gy gross revenue and C total
cost. Either annual figures, or figures relating to the lifetime of
the project can be used in the formula; in the latter case discount
rates must be employed. Agéin, the project promising the highest
revenue/cost ratio will be given first priority.

As R. J. P. van Glinstra Bleeker points out(Al) net revenues
(or net benefits) can be related either to capital investment or to
total costs for purposes of priority determination. It is important,
of course, that the same method is used for all projects thus to be
assessed."lg For purposes of toll road investment planning the
second formula, using anticipated revenues and costs for the entire
project period, may be more convenient since the necessary data
have been compiled for planning purposes anyway and are therefore
readily available. For comparing the profitability of the toll
road with investment possibilities in other fields on a yearly
basis the first formula must be employed.
Restatement of Steps Taken by Toll Road Entrepreneur

To bring the discussion in its entirety into proper focus
‘it will be convenient to recapitulate the various steps taken by
the toll road operator to finally arrive at a rational investment
planning decision. The toll road promoter in our model will pro=
ceed in the following manner:

(1) Initial survey of investment opportunities existing in

the economy generally will be carried out; taking into
account risk, the field offering greatest profit ex-

pectations will bz chosen; it is assumed, for the

*‘The profitability calculations can also be used to determine
prioritlies for subsidiary revenue producing activities, such
as those described at the beginning of the chapter.
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purposes of the model, that toll road promotion is
being selected.

(2) Costs and pctential revenues offered by a number of
toll road projects will be studied.,

(3) By benefit analyses and other market research methods
maximum gross revenues will be estimated, which can
be extracted from users under a perfectly dissimilar
pricing system at various levels of output.

(4) Estimates of marginal costs associated with various
levels of output will be carried out.

(5) From (3) and (4) optimum output, set by the inter=-
section of the marginal cost and marginal revenue
curves, will be determined.

(6) From (3), (4) and (5) net revenues for each project
will be calculated.

(7) Potential net revenues of subsidiary activities
will be calculated and added to the result of (6).

(8) As a general rule, all projects yielding some net
revenue will be considered by the toll road pro-
moter. Due to changes and uncertainties inherent
in the economic process, possible projects will be
arranged in order of priority. Priority ratings will
be established by means of "net revenue/cost" or "net
revenue/capital investment" ratios.

(9) The toll road entrepreneur will select the project
with the highest priority rating for immediate

implementation.
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Secondary Managerial and Technical Decisions

The sequence of actions and decislons outlined above will
establish the essential, basic framework for toll road investment.
In particular, the process will provide broad, general solutions
for the location of the toll road, the desirable maximum output
values and the extent of additional revenue-producing activities.
There still remains the task of solving a whole host of secondary
problems within the basic framework of the main investment de=-
cisions.

An example of such secondary planning problems 1s the pre-
cise determination of the extreme output values according to the
technical categories "intensity of traffic service", "volume of
traffic service", "speed of traffic service" and so on. Suitable
techniques were discussed in Chapter III.

Another group of problems calling for technical or
managerial decisions arises from the fact that certain given
quantities and qualitieé of highway services can be produced with
different admixtures of fixed and variable costs, since these are
inversely related to each other. The same output results over
time may be achieved, for example, by high fixed costs (in other
words, very durable highway construction) coupled with low main-
tenance expendltures; or alternatively by low initial construction
expenditures combined with high costs of upkeep. Provided that no
 deteriorations of service qualities or diminutions of service
quantities are incurred, the combination offering the lowest total
costs over the project planning period will be chosen. Appro=-
priate methods for arriving at solutions were described in
Chapter I.
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Fluctuations in Traffic Demand over Time

Yet another category of problems is introduced when
fluctuations in demand for highway services over timé are taken
into account. Great variations in highway travel will normally be
experienced over a period of 24 hours. Daily traffic volumes will,
for example, show sharp hourly peaks between 8 and 9 a.m., possibly
between 12 noon and 1 p.m. and finally during the traditional 5 to
6 p.m. "rush-hour". There will also be weekly, monthly and
seasonal variations. Superimposed on top of each other these
traffic variations may produce exceptionally high compound peak
traffic volumes.*' In addition to these repeated fluctuations
_there will be a long-term secular growth (or a secular decline) of
traffic. If we take an extreme view, each year, each month, each
week or day, and in the last analysis each hour or even minute,
will therefore have its own, unique demand schedule for highway
services. GConsequently, there will be different sets of desirable
"extreme values", depending on the demand conditions and cost re-
guirements of the varipus traffic peaks. The question then
obviously arises which one of the many demand schedules should be
selected for investment and production plans.

D. M. Winch in his The Economics of Highway Planning demon=-

strates ably how the different demands for highway services which

*&.A good example of a combined daily, weekly and seasonal peak
is quoted in the Ontario Department of Highways' study A _Plan

For Ontario Highways:

"... on Sunday, July 10th, 1955, between & p.m. and midnight,
only 720 motor vehicles travelled northwards on Highway 400
from Toronto towards Barrie, but 12 times as many vehicles,
a total of 8,700, travelled in the opposite direction. This
is in marked contrast to the general experience on most
other routes where the peak volume of traffic going one way
is usually not more than twice as high as that in the opposite
direction." (423 IV - 110



arise when "time" is introduced can be reconciled and how the most
economical (i.e. the most profitable one for the toll road operator,
in our case) final output solution can be found.(AB) The guiding
basic principle is that of cost minimization and utility (in our
case, revenue) maximization. A number of different plans will be
drawn up, each showing the optimum volume of traffic as determined
by the point of intersection of the specific demand fnarginal revenue)
and marginal cost curves. Thus there may be a plan for morning
traffic, one for noon traffic, one for afternoon rush-hour traffic
and one for midnight traffic; similarly, weekly, monthly and seasonal
variations may be introduced by preparing additiocnal plans to cover
the various situations. Finally, it is pointed out by D. M. Winch,
these plans "must be reconciled, and the optimum compromise will be
that plan which involves the least total unnecessary costs at times
when it is not the optimum."(AA) And: "Thus by this method of
totalling unnecessary costs of sub-optimum solutions at each time

we can calculate the best compromise solution, and the problem of
the peak can be solved mathematicallyn"(As)

Secular growth of traffic is treated in a similar way, with
the difference that unnecessary costs of each plan in future years
"must be discounted at the current rate of interest to arrive at
its current capitalized Value,"(Aé) D. M. Winch points out that
over longer periods of time compound solutions become possible, such
as a plan which calls for land acquisition for a four-lane divided
highway and construction of only a two-lane road now, with the
second two-lane road to be constructed later when needed. He

finally states:
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"However many plans, compound and single, are considered

over whatever period of time, with whatever complex peak
and growth patterns of demand, this method will always
give one method as the best. In complex cases the
.calculations will be complicated, or rather there will
be a very large number of simple calculations, but

there will always be a determinate optimum solution for

any given set of data." (47)

It should be noted that D. M. Winch's "costs" in this
analysis are both vehicle and highway costs combined, since he
considers a public highway system and therefore aims at over-all
highway transport cost minimization (and Mutility" maximization).
He therefore computes "unnecessary costs" of the sub-optimum
solutions not only in terms of total highway transport costs
(both road and vehicle costs) which could have been avoided if
the better planvhad been adopted, but also in terms of the loss
of "utility" or "benefits" caused by not carrying some portions
of traffic at all under the inferior plan.

The situation is somewhat different in the case of our
toll road model. Under our assumption of perfectly dissimilar
pricing, Winch's losses or gains in "utilities" or '"benefits"
are simple revenue losses or gains under the terms of our model.
Winch's avoidable or unnecessary overall highway transport costs¥
will in our model partly be represented by unnecessary overall
highway costs, partly by revenue losses (due to increased vehicle

costs, hence to reduced "benefits" offered by the toll road

’kI&y definition there can be no cost reductions when we adopt
an inferior instead of a superior plan, but only cost

increases.
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operator to road users, hence to revenue reductions).

Reconciliation of Different Traffic Demands

The process of reconciling different schedules of demand
for highway services, can now be restated in terms of the toll road
model. The following represents a modification of D. M. Winch's
analysis, using different assumptions and employing a different
diagrammatical approach: his earlier original contribution to work
in this field is gratefully acknowledged by the present writer.

Figures 20 and 20a demonstrate diagrammatically two different
highway traffic situations: one may be tsken to depict peak traffic
demand during a weekday 5 to 6 p.m. rush-hour (Figure 20), whereas
the other might illustrate the much lower traffic requirements during
the midnight-hour (Figure 20m). Both diagrams are drawn to the same
scale, with the same units of measurement on both ordinates and
abscissae. We must imagine that ordinarily additional diagrams should
be drawn to represent other variations of traffic demand which are
encountered over the toll road planning period; but here these two
situations will suffice to explain the technique used.

We will take the following analytical steps in sequence:

(1) produce an optimum plan for each traffic situation,

(2) apply sub-optimum plans to each situation,

(3) adopt the one plan which results in the smallest unne-
cessary costs when it is not the optimum plan.

Let us first consider Figure 20 which depicts the rush-hour
traffic situation. Curve MEBF represents marginal revenues at
different levels of output of highway services and curve LNB the
corresponding marginal costs. Given these data, output OA will be

chosen =-- determined by the intersection of marginal cost and
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revenue curves -- yielding gross revenues equivalent to the area
OMBA, total costs equal to OLBA and consequently net revenues of
the magnitude LBM. We may call this solution "Optimum Plan One".

Turning now to Figure 20a, the midnight-hour traffic case,
we are confronted by the same marginal cost curve LNB and by the
marginal revenue curve KNG. Optimum output will be 0C, again de-
termined by the point of intersection between marginal cost and
revenue curves. With gross revenues OKNC and total costs OLNC,
net revenues will be KLN. We may call this solution "Optimum Plan
Two" . |

Since only one plan can actually be put into effect, we
now have to choose between the two (or three, four etc.) alter-
natives. We therefore substitute inferior plans for optimum ores
in each case and measure which combination entails the smallest
disadvantages.

In Figure 20 "Plan Two" is now introduced which calls for
OC output. At this level of production of highway services the
maximum gross revenues which can Be extracted will be only OMEC,
since the highway plant cannot accommodate all potential revenue-
traffic; total costs will be OLNC and net revenues only LMEN,
Compared with "Optimum Plan One", which is the appropriate one
for this level of output, gross revenues CEBA have been lost and
costs CNBA have been saved. The net revenue loss incurred under
the sub-optimum plan compared with the optimum one, is therefore
equivalent to NEB, (the shaded area in Figure 20). This is a loss
of net earnings sustained, in effect, because the highway plant

was too small to accommodate all peak traffic.
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We now introcduce the inferior "Plan One" to the miﬁnight-hoﬁr
traffic situation (Figure 20a). The very large highway plant necessary
for the great quantity OA of highway services causes the rather high
total costs OLBA. Gross revenues will at the best ~- allowing any-
body to travel who pays tolls, however small -- be equivalent to
OKNG. Net revenues (or net losses) in absolute terms will be equal
to the difference between areas OLBA and OKNG. The relative net
loss, incurred by adopting the sub-optimum plan instead of the opti-
mum one, will be equivalent to GNBA'(the shaded area in Figure 20a).
This loss is caused by the unnecessarily large size of the highway
plant.

The final step consists of a comparison of the relative
losses (revenue decreases or cost increases) incurred if either
sub~optimum plan is adopted. The sub-optimum plan resulting in the
smaller disadvantages will be chosen as the best over-all solution.
In our case, judging merely by casual visual inspection, Plan Two
seems to be the superior one, since it entails losses of revenue,
when introduced to the rush-hour situafion, which are smaller than
the additional costs which have to be borne when Plan One is
applied to the midnight-hour traffic situation (area ENB(:area
GNBA ).

If the merits of more than two plans are to be compared,
analogous procedures are used to select the "least-cost" sub-
optimum plan.

Different Combinations of Traffic Flows

D. M. Winch points out that the same analytical technique
can also be applied to problems of different combinations of
traffic flows.(48) An illustration for such a problem, a very
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frequently encountered one in real life, 1s provided by our original
toll road location map (Figures 9 and 11). The question is: would
it be more advantageous for the toll road operator to let the high-
way between clities C and D pass through the intermediate minor centre
E (situation one) or should E be by-passed and be served by means of
the feeder road L-E (situation two). (See Figure 11)

Using most ingenious Jdlaspgrammatical techniques, D. M. Winch
arrives at output solutions for each of the component traffic flows
under the two situations (C-E, E-D and C-D direct; flow on the feeder
road L-E under situation two is the sum of traffic flows C-E and D=-E)
and consequently optimum plans. The possible disadvantages of
routing through-traffic C-D via the minor centre E, are thencompared
with the disadvantages of accommodating local traffic C-E and D-E
via the less convenient feeder route L-E. Just as in the case of
the peak traffic solutions described earlier, the plan which offers
the smallest sub-optimum disadvantages will be chosen.

By extending these analyses it would be possible to work out
simultaneously solutions for different choices of traffic routing,
as well as for various traffic peak and growth situations. However,
enough has been s21d®€to indicate the general nature of the methods
which can be used. There is certainly great scope for the practical
application of these techniques in the field of highway transport
and determinate solutions to very pressing problems could thus be

obtained. As D. M. Winch concludes:

*‘The mathematically inclined rea?er should refer to Studies in
the Economics of Transportation ), Part I, for further de~

tailed discussions of similar problems.
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"Given all the data there is no problem so complex that it
is not capable of theoretical solution, and working on
the above principles there is no reason why the detailed
calculations could not be delegated to an electronic
computer."(5o)
Planning of Highway Systems
Similar procedures might be adopted to solve prcblems of
planning entire road systems, rather than one particular stretch of
highway only. Let us assume, for example, that a main toll rcad
will be built to connect major centres A and B (see Figure 21).
The question is posed whether additional feeder route A to minor
centre D, and feeder route B to minor centre C would be profitable
propositions. It is assuméﬁ that communities D and C have no
highway connectlions at all. x
This problem, which is very similar to problems of railway
branch line extensions or abandonments, can be solved by comparing
the overali gross revenue contributions and cost additions occa-=
sioned by each separate traffic flow. If feeder route DA is
built, the cost of this extension has to be compared with the
potential contributions to revenues of the following traffic flows:
(1) traffic between D and A;
(2) traffic originating at D, but proceeding through
A to B; this would be the feeder route's contribution
to main route traffic between A and B;

(3) if the second feeder road B to C is built, traffic

MThe model can, of course, be rendered more complex by adding
other points to be served -- ad infinitum, if desired -- by
assuming the existence of inferior roads from which traffic
would be abstracted and so on.
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originating at D, but proceeding through A to B an? from
there to C; this woul”d be the feeder route's contribution
to both main route traffic between A and B, an” to second
feeder road traffic between B and C.

Similarly, if feeder route B to C is built, extra costs of
this facility have to be compared with revenue contributions of the
following traffic flows:

(1) between B and C;

(2) originating at C, but travelling also between A and B;

(3) if feeder A to D is built, traffic originating at C, but

destined for D and hence travelling both between A and B
and A and D.

A simple yardstick for determining the economic justification
of feeder routes would be the criteria of net revenue contributions
for the system as a whole. However, as can be seen from the remarks
above, there are mutually interdependent factors which complicate
the analysis; thus the revenues needed to justify the construction
and operation of one feeder route will be determined also by what
other routes have been added to the highway system as a whole,

M. Beckmann, C. B. McGuire and Ch. B, Winsten comment in
the following way on the difficulties inherent in the planning of
entire highway systens:

",.. to get the most out of an integrated program of road
construction one would have to compare a huge number of
possible combilnations of road capacities that might be
added. The principles of economics have not been developed
far enough to permit shortcutting such a vast analytical

problem."(51)
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While in no way underestimating the seriousness of possible
theoretical and practical obstacles, it is suggested that appro-
priate solutions to the very important problem of system planning
can be obtained more easily than the authors quoted above seem to
believe.

Continued Operation of the Toll Road

We now digress from our main theme =-- toll road investment
planning -- and turn to its effects on the continued operation of
the toll road. What are the economic problems once the highway has
been bullt and resources have been comaitted to a particular scheme?

No distinct analytical line can be drawn.between the planning
of a long-term project and the planning of Aday-to-day operations.
In both cases scarce resources have to be allocated in the most
efficient way, and therefore basically the same econqmic principles
should apply. However, there are some special considerations and
these can best be discussed once more within the framework of our
toll road model.

To take the easiest case first, let us assume that in the
light of experience all prognostications made by the toll road
operator during the investment planning phase of his activities
turn out to be absolutely correct. The number of vehicles using
the toll road, the tolls they are prepared to pay, the costs
associated with Aifferent outputs -- these and all other working
variables have been predicted by the toll road entrepreneur with
Laplacean accuracy. This ideal situation, in which all ex post
operational experiences are identical to the confitions antici-
pated, obviously does not call for any further discussion beyond

the one devoted earller to the ex ante planning of investment,
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since criteris snd variables arz identical in each case.

We can also dispose very quickly of the second possibility,
the case of correct predictions cpupled with faulty ex ante planning
decisions. Here the situation simply calls for a new investment
appraisal in the light of the circumstances at the particular timé,
coupled with an improvement in the planning methods.

The third case, in which the proper ex ante investment
declsions- were made but the predictions turn out to be wrong for a
variety of reasons, is really the only interesting one analytically.
Let us first consider the possibility that demand for highway ser-
vices turns out to be greater than anticipated, i.e. that the
marginal revenue curve has shifted from the position assumed to be
correct when the toll road was planned and built (BGC in Figure 22)
to the actual position DHIE. Quantities of output remain the same
at level OF, as the highway has been built already to certain
specifications. Supplying the same output as planned, (OF), the
operator now realizes a windfall profit of unanticipated net
revenues KGB (see Figure 22). However, even greater net revenues
could be collected by him by increasing the capacity of his
highway to supply OK units of highway services. If this plant
expansion is effected another net revenue increment, equivalent
to GIH (shaded area in Figure 22) could be realized by him,

The question then arises whether it will be worthwhile for
the toll road entrepreneur to expand his plant, by building another
lane or whatever is required, in order to collect GIH net revenues.
This becomes in principle simply another investment decision, to
be treated in the same way as the other major toll road invest-

ment decisions discussed before, Basically the new project, which
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involves highway capacity expansion from OF output to OK output, is
economlcally justified since it promises to yield some net revenues.
But in practice it will be subjected to some priority tests by the
entrepreneur (for example by relating net revenues GIH to project
costs FGIK) and it will eventually take its proper place among a
number of other profitable projects contemplated by the entre-
preneur. The case of a downwar” shift of the cost curve can be
treated in the same way.

We see, therefore, that the cases of underestimating demand,
or overestimating costs, and hence underdesigning plant, can be
treated by means of the same investment analyses which we used
before. Ve now consider a rather different situation: that of an
over-designed toll road. Turning to Figure 23, let us assume that
the actual demand for highway services (curve PSQ) is much lesé
intense than was anticipated at the time when the toll road was
constructed (curve LMN). The highway was designed and constructed
to produce OR quantities of highway services, whereas under the
actual demand situation OU would be the optimum output. There-
fore a loss equivalent to QSMR is incurred because of highway
over-capacity.

It stands to reason that the toll road operator in this
situation will endeavour to cut down on unnecessary costs as much
as possible. He will reduce his output to optimum production OU,
if any of the marginal costs incurred in the output range OU to
OR are avoidable.

However, what will happen if all resources signified by
marginal costs within area OTMR are irrevocably committed? When

will the toll road operator go out of business? Under the circum-
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stances depicted in Figure 23 the entrepreneur will carry on with his
e
operations as long as the loss incurred on account of highwaéwover-
capacity (shaded area QSMR) is smaller than the ordinafy‘net
revenues TPS (stippled area in Figure 23). In oppé;bwords, as long
as there are still some overall net revenues to be had, the toll
road operator will continue to remain in business. If, however,
overall losses are incurred then the toll road will cease operations.

The exact circumstances and the timing of such a discon-

tinuance of operations have on several occasions aroused theore-
tical interest, particularly among transport economists. The issue
arises because of the "lumpiness" of inputs which can often be ob-
served in the transport industry. In Figure 24, which will
illustrate a typical case, the vertical axis now measures average
annual total costs and revenues, whereas the horizontal axis
measures time in years. We assume that annual total costs (CC!')
are constant over time and are therefore represented by a straight
horizontal line. Revenues (RR') are supposed to decline over time,
due to changes in demand, increased competition or for other
reasons.

For purposes of illustration we assume that total costs

are made up of the following components:

(1) direct operating costs (such as wages) which are
incurred continuously;

(2) fairly long-run operating costs (such as major pavement
repairs and replacements) which are incurred in "doses"
at intervals of about 15 or 20 years;

(3) long-run operating costs (such as reconstruction of

bridges and other structures, rebuilding of whole
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stretches of highway etc.) which become necessary only
in 50-year intervals.

Under these circumstances some expenditures become post-
ponable for long periods of time. Although the ordinary operating
costs, such as for wages, fuel, light, and toll collection expenses,
have to be met out of revenues practically every day, the expense
for the replacement of a bridge, once 1t is built, Aoes not have to
be incurred again for several decades.

Because of the "lumpiness" of expenditures on dursbls items,
the toll road in this example can therefore continue to stay in
business for protracted periods of time, although total costs are
not covered by total revenues. In Figure 24 total revenues fall be-
low total costs in year 7J3. According to our previous analysis toll
road operations would then cease. In our example, however, high
replacement costs for structures etc. were incurred in the year 50
and no new expenditures on that account are anticipated until the
year 100. Consequently, these costs do not have to be met now and
operations can continue. Even when after a further decline of
revenues, pavement replacement costs are not met anymore in year
85, the toll road still Aoes not have to close Adown since the pave-
ment expenses are postponable until the year 95. The toll road
will only go out of business when finally ordinary operating ex-
penses (wages etc.) cannot be met from revenues after year 90. In
this example, therefore, the toll road might manage to survive for
an adfitional 25 years after it first incurred apparent losses.

Cases of this kind have occurred in the real world.
Operating at a loss may take the form of allowing insufficient de-

preciation for durable equipment, or of indulgence in so-called
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"deferred maintenance”, or "running down of equipment", Vnat is krown
as "cut-throat competition®, =~- basically charging below tctal costs
for limited periods of time for reasons 'of market strategy -- is yet
another example.

It should be noted, however, that the circumstarces under
which operating at a loss will occur, are fairly specialized.
Firstly, there must be lumpiness of input factors, and secundly,
short-run (marginal) costs must be very different from long=run
(total) costs. The moment we introduce larger, more complex
plants these conditions will not prevail any more. VWhen we
visualize a whole highway system, constructed over many years,
consisting of many -urable assets in various stages of replace-
ment need, both the lumpiness of renewsl of plant and the
divergence between long-run and short-run costs Afisappear.

Bvery year some bridges and other structures will be replaced;

if they are reconstructed fairly evenly over time and if their
average lifespan is 5) years, the postponable proportion of total
costs will on the average only be 2 percent. The same applies to
pavenents and other comporent parts of the highway.

The larger the highway plant, the smoother the exwvenditure
requirements will be; if they are not met out of revenues, at
least part of the system will have to be closed down.

Possible Weaknesses of Toll Road lModel

Pinally, as an extra check on the accuracy of our theore-
tical analysis, the toll road model will be subjected to extra
examination partly in the light of actual toll road experience.

Charging %hat the Traffic Will Bear?

The assumption that the toll road entfepreneur will and can

IV - 124



indulge in perfectly ~issimilar charging might be regarded as one
of the main weaknesses of our model. This is a very important
objection since the later analyses of public road systems depend
largely on the same assumption; the point should therefore be dis-
cussed at some length.

We have to distinguish sharply between what is theoretically
desirable from the toll road entrepreneur's point of view and what
is feasible in practice. To take the former consideration firstg
there can be no doubt that perfectly dissimilar pricing is a most
desirable theoretical objective from the entrepreneur's point of
view. It 1s the one and only method which will enable him to
maximize net revenues. As we have seen earlier in this chapter,
the entrepreneur's long-range strategy objective of net revenue
maximization from ell sources of income may require short-term
tactical deviations from the "perfectly dissimilar pricing" rule.
However, for all revenue-producing activities taken together and
over a very long period of time the rule still applies.

It is quite a Aifferent matter to equip the toll road
operator with different standards of motivation altogcether and
say that he would not wish to "indulge in discriminatory rute
practices" and that he would instead "charge fair prices to all
customers", whatever that may mean in practical terms. It would
also mean begging the issue if we assumed government rate
legislation, provisions for toll charge equalization and so on.

If we rule out state interference and stipulate, as we must, that
the toll road operator is motivated by the desire to maximize net
revcnues, then perfectly dissimilar pricing inevitably becomes
the theoretical ideal.
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Even if we introduce perfect competition the desire of the
toll road operztor to "charge what the traffic will bear" will
still be there. VWhenever the smallest imperfection of market con=-
ditions occurs, whenever there is a slight relaxation of competitive
conditions, the entrepreneur will logically take advantage of it and
deviate from the uniform market price. As we will see in ocur dis-
cussion on the practical aspects of dissimilar charging, he can do
so in a variety of ways =-- by variations in service qualities, by
introducing quantity discounts and even by charging equal prices in
circumstances when conditions differ.

Practical Objections to Dissimilar Pricing

From the toll road operator's point of view a very important
objection against a highly complex rate structure will be the
additional administrative costs and difficulties it may involve.

In order to reconcile the theoretical ideal of perfectly dissimilar
pricing and the practical objective of net révenue maximization, the
extra costs of ascertaining, chafging, collecting and enforcing a
complex toll system will be weighed against the extras gross re-
venues thus obtained. It is likely that the administrative diffi-
culties and costs of Aigsimilar charging will be greater, and hence
the advantages smaller, the larger the size of the toll road organi-
zation considered.

Analytically, we might overcome this phenomenon =-- which
should really be considered under the separate heading of "dis-
economies of large size" -- by calculating gross revenues net of
collection costs. Diagrammatically we would then obtain a whole
series of marginal gross revenus curves, one each for each pricing

gystem adopted, consisting of a series of "steps" and in the
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extreme case consisting of a straight line. The most rational
solution from the toll road entrepreneur's point of view would bel
dictated by the point of intersection of the marginal cost curve
and the one marginal revenue curve which encloses the largest
gross revenue area, and hence the one with the greatest number of
"steps". This solution is depicted in Figure 25, where adoption
of charging scheme MRl leads to net revenue maximization (stippled
area) at output OC and total costs OABC.

Other objections to dissimilar pricing stem from the users
of highway services. Motorists, when planning a trip, may prefer
one single toll quotation, rather than a series of prices applying
to different situations. However, dissimilar charging may be re-
garded by users as a virtue, rather than a vice, ifvit manifests
itself to them in the form of'"quantity discounts", "loyalty
discounts", "off-peak inducement tolls" and other pricing methods
which ostensibly result in toll reductions, and not in toll in-
creases. The toll road operator in that case basically operates
during off-peak hours with a single uniform tariff, set to maxi-
mize net revenues. In addition, for subsequent quantities of
highway services, he offers various price reductions in order
to utilize excess capacity. It should be noted that during peak-
traffic hours he will not apply this technique.

Generally speaking, "charging what the traffic will bear"
can very easily assume an alr of great respectability if it is
interpreted and defined in the right way. As A. M. Milne put it:

"The phrase "charging.what the traffic will bear" can
assume two meanings. First it may mean that prices are

to be fixed in such a way that in respect of each traffic'
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carried the maximum revenue is obtained regardless of the
particular costs involved. In accordance with this inter-
pretation of the principle no traffic should be charged a
lower rate or fare when it will bear a higher rate or
fare. The second meaning of the phrase =-- the meaning
which is relevant to our discussion ...=- can be more con-
veniently couched in negative terms and expressed in the

form that no traffic should be charged a price which it

wlll not bear when, at a lower price, the traffic would

be prepare’ to move. Vhen interpreted in this second

way the principle may promote a greater utilization of
indivisible and fixed resources and may thereby permit
indivisible and fixed costs to be spread over a larger
volume of traffic. In this way the practice of dis-

criminatory pricing may confer economic benefit, a

benefit represented by the fact that transport rates

and fares are rendered lower than they would be in the

absence of discriminatory pricingo"(52> (underlining
supplied)

It is therefore likely that dissimilar charging practices

can be made palatable to users by stressing the rate reduction

aspect; in this way probably most of the objections of consumers

of transport services =-- and of regulatory authorities -~ can be

overcome. Another "Aiscriminatory" charging method to which

neither users nor authorities could very well object, would be

the varying of service gualities, including Aiffering treatment

in the granting of credit facilities.
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What charging policies have been pursued by the toll roads

in the United States? In their work Toll Roads and the Problem of

Highway Modernization,(53) published in 1951, Wilfred Owen and
Charles L. Dearing, state that in the United States "in all cases
the Ecoll roadJ authorities are empowered to set the level of
tolls to be charged for use of the facility."(54) Although not
directly analysing the rate policles pursued by toll road autho-
rities, the two authors apparently held the view that the two
criteria of "cost of service" and "benefits rendered" were the
basis of toll road charging at that time:

"For the outstanding merit of the toll system is its
ability to assess costs accurately and directly in
accordance with costs incurred and benefits received."(55)
In a paper given at the December 1955 Meeting of the American

Economic Association, entitled Toll Road Rates and Highway Pricing556)
Charles L. Dearing subsequently comments, however, rather critically
on the pricing methods of toll roads in the United States during the
post-war period. Dearing considers "charging on the basis of costs"
as the ideal, or desirable, charging policy:

"If any road can be operated on strict commercial priﬁciples,
surely toll roads can. The problem of fetermining costs
attributable to various classes of vehicles, then, should
be considerably more simple than that posed by an analysis
of a state highway system.

The toll authorities should be in a position to_get prices

which reflect the cost of the road to various users,charging

various classes of traffic their full share of separable

costs and allocating the remainder by some rational formula,
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perhaps at the outset following patterns set in railroad

rate setting. The goal of the[3xﬂl roaq:]authorities

should be to eliminate any monopoly profits an” any
subsiaies.n (57) (underlining supplied)

Dearing observes that in actual fact costs of rendering
indivicual service units are virtually ignored and that toll road
authorities have adopted instead straight "charging what the traffic
will bear% rate practices:

",.. what about the cost of provicing the services of the
toll road to the various classes of vehicles in the deter-
mination of rates? The answer, in brief, is that they are
not considered. Under no circumstances in toll roads in-
vestigated is there any attempt to set tolls with the idea
of offsetting the cost of providing road services to the
various classes o vehicles. Only in the over- -
all cost sense are the effects of rates coﬁsideredo That
is, rates must be set so ag to cover bond servicing re-
quirements, operations costs, and contributions to sinking
and other funds.

If any principle obtainsg with regard to setting initial

rates, it is that they sre set with a view of charging what

the traffic will bearg"(58) (underlining supplied)

Still applying the two criteria of "cost of service" and
"benefits rendered" as the most Aesirable standards of charging,
for public highway systems as well as for toll roads, Dearing
comments:

"We have observed earlier that most states have encountered

difficulty in resolving the theoretical and administrative
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" problems of reconciling or combining the incremental cosE;]
and the benefit theory of user charging. In view of the
fact that modern toll road administrators should have been
able to avoid most of these problems, it appears strange
that they have for all practical purposes adopted a
straight "what the traffic will bear" basis of pricing."(59)
Leaving in abeyance for the time being the question whether

the incremental cost and the benefit approaches to user charging --
two methods which were evolved in the United States and seem to enjoy
a certain measure of acceptance there -~ are in fact theoretically
desirable, it is very encouraging to note that our toll road model
stands up so well to the test of practical experience.

We did stipulate for purposes of our model a strictly "com-
mercial" approach and we did vest powers to vary rates at will in
the toll road operatorj it appears from Dearing's analysis that,
broadly speaking, these conditions also apply to toll roads in the
United States. We did expect that the toll road entrepreneur would
indulge in dissimilar charging policies and woulsd try to maximize
net revenues (i.e. to reap "monopoly profits"); we further expected
that the toll road operator would probably not attempt to assess
individual cost responsibilities, but would consider costs only in
the overall planning sense. Again, these results are fully con=~
firmed by actual toll road experience in the United States.

Some other, minor aspects of our toll road model are also
corroborated by observed practice. Quoting from a study of toll
charges in the United States(éo) Dearing shows that rates decline
with increasing volume of highway use generally and with increasing

volume of "weight-use" in particular:
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"There are ... significant ~ifferences between passengeficar
and commercial user tolls. The rates for heavier vehicles
increase but not in ﬂirect.proportion to weight. In a
1953 study of vehicle toll charges it was founs that per
ton-mile the heaviest vehicle pai” about half the toll
charge of a passenger car on the basis of average weight
and about 30 per cent on the* basis of the maximum weight
of the truck. This study considered only the published
toll rates.

Two other elements lead to the conclusion that these
figures, low as they are, are still higher than the true
rates truckers have to pay. First, states having toll
roads also have third-structure taxes, which in some

cases are levied on a mileage basis. Those states have
cancelled the tax liability of truckers for mileage covered
on their toll roadsJ*& Second, several authorities have
incorporated a Aiscount for commércial vehicle users,

based on the dollar volume of tolls paid by a single
trucking firm. This, of course, also reduces the effective
toll rates.

The use of one or both of these devices can effect a con-
siderable redﬁction in published rates. For example, over
the bulk of mileage on one toll road the published rate for

the heaviest class of vehicle is four times the passenger

X This conforms to our assumption of non-interference of the state
and its objective of preserving competitive neutrality; in our
model we brought this principle to its logical conclusion by
stipulating that toll road users would in effect not pay any
gasoline taxes either.”’
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car toll. After deducting the refun® for the third-structure
tax and after taking full advantage of the volume Adiscount,
the heaviest vehicle may pay a net toll equivalent to only
about 15) per cent of the passenger car fare."(él)

There emerges from Dearing's ~escription of actual toll road
charging practice in the United States a pattern which conforms sur-~
prisingly closely to the one depicted in our model, considering that
the U.5. toll road authorities are subject to some degree of regu-
lation an? legislative supervision, much in the same way as public
utilities and, for example, Crown Corporations in Canada are.

The final point still to be considered in connection with
dissimilar charging is whether existing toll roads recognize the
limits to profitable output expansion set by the equality of
marginal costs and marginal revenues at "extreme values'". It is
one thing to suggest that quantity dlscounts and a rate system
which is regressive 1n terms of vehicle welght increases, are
simply commercially justified manifestations of dissimllar pricing
policies; it would be quite another thing to find that certain
traffic which does not even cover its costs is currently moving
on toll roads. This would be quite inadmissible under the terms of
our model, which stated that for each unit of highway services

marginal costs must at least be covered by marginal revenues and

that this conAition sets the limits of profitable output.

Dearing does not explicitly state that, for example, quantity
and welght discounts granted to truckers have had the result of
extremely large and heavy commerclal vehicles being accommodated
at a loss on toll roads in the United States. Apart from observing

that only very superficial cost information has been developed so far,
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he seems to imply that there is some "subsidization" of certain
types of traffic, coupled with "monopolistic! rate charging to other
types of traffic. However, without further evidence that some
traffic is actually being carried at a loss -~ the only really
meaningful definition of the term "subsidization" -- we can assume
that monopolistic and subsidized toll charges are simply higher and
iower ratée levels, respectively, with® a perfectly rational system
of dissimilar pricing.
Demand Analyses

The demand analysis described wiphin the framework of our
toll road model also apnears to conform fairly well to current
practice in this field. It was explained earlier that assessment
of demand resolved itself largely into an assessment of potential
user benefits. Drawing once more on Dearingis study of actual
procedures as the best possible reference source, we see that
theory and practice correspond in all important details:

"Before the toll road is opened for use, traffic :ngineers

make intensive studies of travel patterns to estimate

what pgrt of existing traffic will be diverted to the

toll road and to furnish the basis for determining the

toll rates. Motorists are stopped and interviewed; data

are punched, tabulated, added, adjusted seasonally, cor-

related, cdmpared, expanded, and projected.

The engineers place special emphasis upon cost savings

to truckers, which are broken down into a number of

categories aﬁd analyzed for purposes of prediction.

(Principal considerations are: reduction in fuel, main-

tenance, tire depreciation, and insurance costs; savings
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in time per trip; and increase in truck utilization and
improvement in service.) Competitive conditions of
parallel facilities are evaluated in these investi-
gations. Time savings over competing routes are
particularly important as the toll road, in order to be
financially successful, must attract some of the traffic
from those routes. With these factors evaluated, a toll
rate is established for passenger cars. Then toll rates
for commercial vehicles are set using the passenger car
rate as the base. Thus factors of demand are analyzed

at length to determine initial rates." (62) (underlining

supplied)
Conclusion

Some time was devoted in this chapter to the testing of our
toll road model in terms of con-’itions encountered in the real world.
By adopting this procedure we have built up a basis for the subse-
quent discussion of the economic problems of public roa?l systems.

Governments, 1n their economic activities, are supposed to be
guided by principles which apply to private enterprise. Let govern-.
ment simulate private enterprise behaviour, so the argument goes, let
it be subject to roughly the same economic checks ans® disciplines and
it will achieve the same measure of efficiency.

There is probably agreement that toll roads -=- although they
are not completely "free" enterprises -- are economically more akin
to private enterprise firms than any other form of roa“ organization
known at the present time. We have now seen that these toll roads
themselves, although operating within the almost ideal framework, do
not conform at all to the behaviour pattern apparently expected of
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them in the first place. As Dearing put.it:

"In summary, toll rates are establishe? without regard to
assigning costs in proportion to the Adegree to which
various classes of vczhicles may have contributed to
those costs. Also, until changing circumstances have
made such impact as to cause a marked effect upon total
revenues, there has been 1little attempt to modify rate
structures with the 1dea of adjusting them to current
economic conditions.

In many respects this conclusion is somewhat distressing

with respect to the failure, to date, of toll road
authorities to price their services in accordance with

what most of us woul? consider a rational basis."(63)

We now have two very good reasons for extreme caution when
we subsequently analyse the economics of public highway systems:

(1) the failure of toll roads in the real world to conform
with the behaviour apparently expected of them;

(2) the non-conformity of our own toll roas model with the
economic standarAs imputed to both public highways and
toll road organizations.

We will have occasion in the next chapters to discuss these

two points at greater length.

Finally, lest the impression be glven that the extensive
use made in this study of a theoretical toll road model implies its
acceptance as a practical method of highway finance, a few words
should be said about the role toll roads can be expected to play
in solving current highway problems. A proper discussion of the

merits and disadvantages of toll roads seen as a practical proposition
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is outside the scope of this study“‘ and some very superficlal
remarks must therefore suffice.

Both toll roads and public highways functionally, technically
and operationally fulfill the same purpose: the provision of highway
services for motor vehicle traffic. The private and public highway
agencies are therefore directly in competition with each other,
providing identical services and differing only in their methods of
finance. Since the provision of highways has traditionally been
handled as a function of government, the success of toll roads must
be regarded as an indictment against the efficlency of the public
road system. In other words, we might say that toll roads will
thrive on excessive economic waste and personal frustration endured
by motorists on competing public roads.

The supersession of a poor public highway by a good toll road
by itself cannot be regarded as undesirable, since it is a move from
an economically less efficlent situation to a more efficient one.
However, equal results could also have been achieved by improvement
of the public highway to the same superior standards.

Attention must therefore concentrate on the only points
of difference: +the financing and user charge arrangements employed
by the two highway agencies. It is in this respect that the toll

road system shows its real weaknesses; all other things being equal,

*?Apart from the references already given, the subject of toll
roads, with particular reference to Canadian con-itions, is very
well discugsed in the Canadian Tax Foundation's Taxes and
Trafflc(64 » in G. D. Campbelll's An Analxsis of Highway Finance
and Road User Imposts in Canada, {©5) and in an article by Roger
E. Carswell, (0 ‘

The pros an”d cons of toll roads were also exhaustively reviewed
by A. J. Wedeking (for toll roads) and XK. B. Rykken (against),
with J. Harvey Perry as the discussion chairman, at the 1956

Annual Convention of the Canadian Good Roads Associstion in
Banff, Alberta. (67

IV -137



the extra costs of toll collection facilitlies are usually in excess”
of the generally experienced costs of collecting gasoline taxes
and license fees for the support of the public highway system.a(
The necessary costs of toll gates, complete access control, col=-
lection facilities, are relatively high and have to be incurred
regardless of traffic volume.

The toll road method can be used successfully only in cases

where there are to be found;(i) few entry and exit points (i.e. rural

areas only); (ii) large volumes of traffic;”a* (iii) deficient

’hTaxes and Traffic states: "For fiscal years ended in 1953 the
costs of collecting tolls on the New Jersey Turnpike were 1.7
per cent of all revenue, for the Pennsylvania Turnpike 4.9 per
cent, for the Maine Turnpike 8,7 per cent, an® for the Wilbur
Cross Parkway 15 per cent."(ésj By contrast, the Report of the
Select Committee on Toll Roads and Highway Financing, Onterio
Legislature, shows: " ... the cost of collecting gasoline tax
in Ontario including vendors comnission is just slightly over
1 percent." (69)

WM The minimum number of vehicles needed to support a toll road
can be calculated by means of the following empirical formula
given in Edwards, Kelcey and Beck, A Compilation of Information
and Data Pertaining to Toll Road Facilities in the United

States:
S - (
V= T 0'000237 x 1 ( I = Investment per mile
E V = Number of vehicles per
. - . average mile per
Example: I = $1 mil ion per mile E average day
T = 2 cents per vehicle per mile (T = Average toll per
v = _0.000257 81 million = (  vehicle per mile
$0.02 ( ¢ = Average daily cost per
mile for interest,
(
= 12,800 vehicles per mile per day (- amortization, main-
is the minimum number of vehicles ( tenance and all
required to support the toll road. ( operating costs,
( empirically calcu-
( lated to be:
( 2.20R57 x I
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parallel public highways.

It is generally held now in Canacda that there are very few,
specialized cases in which these conditions apply. More trust is
put in the improvement of the planning and finaneing of the public
highway networks. This topic will be discussed in the following

chapters.
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V - PUBLIC HIGHWAYS - THE BACKGROUND

In the preceding chapters we dealt first with the relatively
simple case of a mining company which operates motor transport
vehicles on its privately owned road purely for its own purposes.
Subsequently, we introduced a number of complicating factors by con-
structing a toll road model. We saw that the toll highway is owned
and operated by an entrepreneur who provides highway services for a
multitude of motorists. The entrepreneur has to go into the "trans-
portation market place", as it were, to sell these services to users.
He is therefore forced to relate in some way the quantities and
qualities of highway services he is willing and able to supply to
the service quantities and qualities demanded by the users. The
link between one and the other, we saw, consists of an elaborate
relationship between benefits offered to motorists, revenues ob-
tained and costs incurred. The guiding principle for the entre-
preneur is net revenue maximization. The revenue-cost relationship
not only provides the most desirable output solution, it also con-
stitutes an automatic check whether the project should be undertaken
at all and what investment priorities should be allotted to it by

the entrepreneur.

Characteristics of the Public Highway System
When we now deal with the final case, that of a public high-

way system, we not only introduce a number of important additional
factors which will complicate our analysis a great deal, but we
also remove some of the precepts and automatic checks which circum-
scribed the economic decisions and actions of the entrepreneur in

our toll road model. However, many principles common to both road
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organizations remain; it will therefore be useful to draw as much as
possible, in the anaiysis which follows, on the knowledge of the
economic problems of highway planning which was gained earlier from
the study of the toll road model.

First, certain broad general characteristics of the publie
highway system and the ways in which it differs from the toll road
will be discussed.

Existence of Monopoly Powyers

While the toll road in our model did have to contend with
some degree of competition from public roads and from other forms
of transportation, the public highway system in the real world
wields wide monopoly powers. Admittedly, there is some competition
on certain segments of the road network where users can turn to
air, water and rail transport, and in very rare instances to toll
roads. On other sectors, for example in the sphere of urban
arteries and residential streets, local access and farm roads,
development and mining highways, there are no substitutes avail-~
able. For all practical purposes we can therefore accept the
proposition that the public authorities, in their function as
providers of highways, exercise a very wide degree of monopoly
power; indeed this monopoly power is probably greater than that
of a private monopoly which tends to be limited by the threat of
potential competition or public control. |

Linked to the existence of monopolistic powers in the
sphere of highway provision is the fact that no real market

exists in which these services are sold and bought. One reason
for the absence of a market is the lack of compulsion for the

monopoly supplier to sell his services, since revenue is forth-
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coming from general fiscal funds in any case. Another reason is that
almost insuperable technical and administrative obstacles arise wheh
the attempt is made to negotiate sales of individual highway service
units with the respective purchasers. The absence of a market for
highway services means, as we have seen before, that we are also con-
fronted with the absence of all the checks, balances, controls and
procedures which are normally associated with the working of the
market mechanish. To find practicable substitutes for these market
forces will be one of the key themes of the subsequent analysis.
The System Aspect of Public Highways

The "system" aspect is one of the most important characte-
ristics of public highways; yet it is a concept which is very
difficult to define. By a system we mean a heterogeneous set of
things and parts, which, when connected, form a complex whole. The
individual components of the system are joined together because
thus arranged they function more efficiently and render better
service.

This principle can be widely observed in the field of the
so-called "public enterprises".*?lf many electric power stations
are linked together by means of a grid system they are jointly able
to provide better services at lower unit costs, than when they are
operating separately; in the connected network the power consumption

*

"Public enterprise" will be used as the generic term to describe all
undertakings which are directed by the government, or by bodies set
up by the government to direct their affairs in the public interest.

The term "public utility" will be used to describe undertakings
which, although privately owned, are subject to extensive state
intervention and control. The "public utility" approach to highway
provision stipulates that the highway function is performed by a
government departhent, or by a body set up by the government, in
such a way that the behaviour of genuine public utilities 1s simu-
lated. This concept will be discussed later in this chapter.
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load can be distributed more widely over many generating plants, peaks
of demand for electricity in one region are offset by troughs in other
districts, coal-burning plants are able to make up for hydro-electric
power deficiencies created, for instance, by a drought. In addition
to these economies of scale of production, very substantial economies
of marketing and distribution will also accrue to an electric power
system. If every user had to be connected individually to the power
plant by means of separate cables and transformers, electricity dis-
tribution costs alone might prove prohibitively high. Since in
reality, however, whole districts can be served very cheaply by means
of one main connection from the power plant, mass consumption at low
unit costs for all users becomes possible. Similar considerations
apply to other public enterprises, such as water, gas, urban trans-
port, sewerage, telephone and rallway systems.

A public highway system embraces a most heterogeneous col~-
lection of road and street facilities. At one extreme we find the
residential street and the village lane, at the other extreme the
multi-lane, Aivided highway, built to the most exacting technical
specifications. The highway user characteristics also Aiffer
greatly: a great variety of vehicles, from the heaviest, tractor-
trailer combination down to the bicycle, are served by the public
highway system.

The fact that the highway plant is made up of so many diffe-
rent parts, contributes greatly to the value and effectiveness of
the system as a whole. Property owners and residents in a parti-
cular locality could concelvably undertake the construction and
operation of a service street as a private venture. However, this

single road would be almost useless to them unless it were connected
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to other roads. Let us look at extensions to the service street from
the point of view of these basic users: as their private laneways are
joined to the street, as other streets are added, as important points
of traffic attraction develop and these in turn are connected, by main
thoroughfares and long-distance highways, to focal points in other
districts and cities, the various combinations of traffic origin,
destination and routing which the system as a whole will make possible
is increased to staggering proportions. Ultimately, the public road
system will serve all users which can be reached by land and will
provide access to an almost unlimited number of points. In more de=-
veloped countries practically every house, farm and place of work has
road access and almost every citizen draws to some degree on road
transport services every day.

| From the users' point of view, the services rendered by a
well-developed public highway system are, therefore, infinitely
superior to those provided, for example, by a number of separate
roads which connect only a few points each. The integrated public
road network also allows users to choose freely from a great variety
of routings and at any given moment of time traffic flows will con-
sequently follow the most rational pattern, i.e. the one which
minimizes total road transport costs for all traffic. Very important
are, further, the economies derived by all traffic from the joint use
of the highway facilities; heavy commercial vehicles, farm trucks,
delivery vans and passenger cars will simultaneously travel on the
highway, thus contributing jointly to the costs of construction and
maintenance of the road at lower unit cost shares for eéch of them.
Again, this 1s made possible by the highway system, which attracts

and serves such diverse forms of traffic.

V- 144



The economies of scale which can be reaped from treating
public highways as an integrated whole, réther than as a multitude
of separate stretches of road, are also very important on the supply
side. In many cases these economies have probably not yet been fully
exploited by public highway authorities. By standardizing technical
processes, specifications, materials and equipment, by centralizing
certain functions which serve all segments of the system, such as
planning, research, purchasing, by generally using mass production
methods, very great savings in unit costs of rendering highway ser-
vices can be realized.

To recapitulate: a highway system can be regarded as a com-
bination of many different parts which, when working jointly, produce
greater quantities and better qualities of highway services at lower
total costs, than when operating separately. The ultimate economic
limits of size of the system will be reached when the last (marginal)
network extension will yleld benefits which are equal to the costs
attributable to the system extension. Suitable techniques to arrive
at solutions for the optimum output, or the optimum size of the high-
way plant, were discussed in Chapters III anf IV of this study.

Cost savings and benefits stemming from the operation of
highwayé as an integrated system will accrue to both users and pro-
viders of the services. Great economies of scale can be reaped on
the production side. From the users' point of view a highway system
improves the service quality due to the greater number of points
served; it also leads to cost savings made possible by greater
cholces of routing and by joint use of the facilities. 1In the last
analysis a highway system will effect great overall reductions in

road transport costs, with consequent beneficial effects on the

entire economy. V - 145



Highways Operated "In The Public Interest"
Very closely linked to the system concept of public highways

is the fact that roads are operated by government bodies "in the
public interest". The entrepreneur in our toll road model had only
his own interests at heart and once these interests had been defined,
all his actions followed logically. But it is very difficult to de~-
rive precise working rules from s0 vague a concept as "the promotion
of the public interest".

Broadly speaking, promotion of the public interest means that
available resources must be used in such a way that they yield the
greaﬁest aggregate benefits fcr the community at large. This defi-
nition opens up more questions than it answers. We have to ask:
Wh 't exactly are "aggregate benefits"? How éte they to be measured?
WhHat do we mean by "available resources"? Hhat time period.should
be adopted?

It is the purpose of this study to find at least partial
answers to these and similar questions. Some preliminary observations
can be made now. The private enterprise firm, the toll road in our
case, and the publicly operated highway system are at opposite ends
of the scale. The toll road operator will view the world around him
from within the very narrow confines set by his activity. Aggregate
benefits will be of interest to him only if they can be turned into
revenues accruing to his firm. Social costs will be ignored by him
and passed on to the community at large whenever possible. His
planning horizon may extend merely over a very limited period of
time, since he may have decided from éﬁ&'outset to stay in the toll

road business for a short while only,fiﬂ order to reap initial,

excepglbnaily high profits. The magnitude of net revenues he
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manages to accumulate in the course of his activities is the unltimate
measure of his success.
The public authority uses criteria which are quite different.
The maximization of social benefits and the minimization of social
costs are of first and foremost importance. The planning horizon is
set as wide as possible, partly because the promotion of the public
interest is entrusted to a self=-perpetuating, permanent body and
partly also -- if we assume perfect knowledge of the future -~ public
interest should know no time limits, but only priorities. In prac-
tice, although the possiovility of obsolescence will set a time limit
on the commitment of resources by the public authority, its planning
perspective will be much wider than that of the toll road entre-
preneur. Cash profits, finally, cannot be used as a measure of
success by the public authority, which must instead attempt to
maximize net socilal benefits.
In order to effect the transition from the toll road model
to the case of the public highway system, we have to remind our-
selves constantly that we are moving from a narrow, restricted
situation to a general problem whichvcalls for a very broad
approach.
The Insfitutional Setting
The three’fmain characteristics with which public enterprises
generally seem to be endowed -- the existence of wide monopoly
powers, coupled with the lack of a market, the "system" aspesct, and
finally the recognized need for the promotion of the public interest -~

have resulted in a variety of institutional approaches which differ

% Some students of the problem recognize the existence of large
overhead costs as an additional distinguishing feature; the
issue will be dealt with subsequently.
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according to the objectives which are being pursueé. Sometimes
competition is prescribed, presumably in the public interest, in
order to curb the existing monopoly powers. Thus in Canadas, for
example, the two main railways -- the Canadian National Railways
and the Canadian Pacific Railwayg -~ compete with each other over
a wide range of services and routes. Yet in the interest of the
railway system as a whole many of the rates quoted by the two
companies are the same and some routes, as well as certain termi-
nals, are operated jointly. In addition, also in the public
interest, the former railway company is run as a nationalized
undertaking.

In the field of Canadian air transport, the state-owned
Trans-Canada Air Lines were glven monopoly powers on main routes;
these were justified for reasons of continuity of service, co-
ordinated growth and system efficiency. On minor routes and
feeder lines, on the other hand, competition between private air
carriers has sometimes been permitted. In Britain, to promote
efficliency and co-ordination of the transport system as a whole,
the railways, long-distance road transport firms, the majority of
canals and some other transport undertakings, were transferred
from private to public ownership under the provisions of the
Transport Act of 1947. All these facilities were placed under the
supreme control of the British Transport Commission and as a result
competition between the various undertakings was significantly
lessened. With a change in government, part of the long-distance
road transport industry was returned to private ownership under the
Transport Act of 1953, with the object of increasing competition in

the freight sector of inland transport. Numerous other examples
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could be cited which show that sometimes contradictory institutional
approaches result when Aifferent objectives are emphasized.

It is impossible, within the framework of this study, to
go into a detailed analysis of the various institutional arrange-
ments which are found in practice and a few words on them must
suffice. The most common types are: the government department,
the state-owned enterprise or the Crown Corporation and the public
utility.

Government departments normally exercise functions which
could not be performed by private enterprise, since the services
rendered benefit the community at large, rather than specific user
groups. Examples of traditional gqvernment activities are: public
health and welfare, maintenance of internal law and order, nationsal
defence, education and diplomatic relations. The expenses incurred
by government departments when exercising these functions are met
from general tax funds. The activities of these departments are
directed, in the last resort, by the collective will of the people,
expressed through the legislature.

The second institutional type may take the form of a govern=-
ment-operated enterprise, of a Crown Corporation or a nationalized
undertaking. In all cases the department or enterprise, although
state-operated, sells its goods or services on a quasi-commercial
basis to users. Examples are the postal services, publicly owned
electric pbwer, sewerage and water systems, nationalized railway
companies, producers of strategic materials and so on. The impor-
tant economic feature of this institutional type is the wide
managerial powers over investment policies, pricing of serviées,

etc. which are usually vested in the heads of these organizations
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by the legislature. There is less reliance on financial support
from general fiscal funds and less control over the day-to-day
affairs of the undertakings by parliament.

Finally, there is the public utility. This is basically a
privately owned monopoly which is subjected to government control
and supervision and emerges chastened from the process under the
name of "public utility". The reputation of the name =-- which,
incidentally, is ideally suited for the purpose since it seems to
suggest that all other economic activities are of a more frivolous
character =-- 1s upheld by frequent references to the low profits
the company is making, the fact that the dividends are just barely
enough to sustain the widows and orphans who invariably own all the
shares and so on. The public utility either enjoys a natural mono-
poly, or it is given monopoly powers by virtue of an exclusive
state franchise. |

The public utility is in most cases prevented from pursuing
uninhibited monopolistic practices by a number of positive and en-
vironmental restraints. There is in the first place always the
threat of nationalizationj hence the extensive public relations
programmes. Secondly, the public authorities concerned may regulate
rates and limit profits to a "reasonable level", or to a level con-
sistent with a "fair return on capital®. It is a debatable question
whether state control in this form is desirable and effective.
Schumpeter remarks critically on the theoretical basis of public
utility regulation:

Meeo Ebhere is nothing oi:j any benefit to the analytic
apparatus of ecénomics to report from the American discussion

on rate regulation that dealt with the problem of the 'reason-
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able return on the fair value of the property' which the
Supreme Court held public utilities should be permitted
to earn. The various 'theories' of valuation for in-
demnity, taxation, and rate-regulation purposes that the
legal mind produced offer curious examples of logical
muddle. Many economists did useful work in trying to
clear it up and seem, for example, after efforts extending
over more than half a century, to have convinced lawyers
that the attempt to define a 'reasonable! rate of return
with reference to the value of a property that is itself
derived from expected returns, involves circular reason-
ing.n (71)

There are no distinct boundary lines between the spheres
of any of these institutional types. Many municipalities, for
example, choose to own and operate their water works, urban trans-
port systems and power plants themselves. Other local governments
entrust these functions to privately owned public utility companies.
There are various intermediate institutional types which, for
example, combine the features of a public utility with those of a
government department.
The Highway Function - Experience_in Canada

It has now to be decided into which of these institutional
categories the function of providing public highways fits best.
Traditionally, highways have always been treated as a proper
function of public authorities, except during the relatively short-
lived toll road era in the last century. Responsibility for roads
~in Canada was from the beginning assumed by the government and this

practice, with minor exceptions, has been continued to the present
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day. Of the three levels of government, provincial authoritics have =

assumed the greatest share of highway responsibilities in Canada.
During the period 1919-1952 the provincial governments spent almost
$3.3 billion on highways, streets, bridges and ferries, or 86 per-
cent of the Canadian total of approximately $3.8 billion. Municipal
governments spent about $290 million for the same purpose, or 8 per=-
cent of the total, and the Federal Government $215 million, or 6

(72) It can thus be seen that the bulk of

percent of the total.
public highway expenditures has been carried out by provincial
governments, or more particularly by provincial highway and public
works departments. These departments also have jurisdiction over
most of the approximately 575,000 miles of road in Canada, with the
municipalities (mainly urban streets) and the Federal Government
(roads in National Parks and other federal lands) being responsible
for only a small proportion of total Canadian road mileage.

Experience with the operation of highways other than by
public authorities has been very limited in Canada. There are a
number of toll bridges and toll ferries in Canara, but thelr insigni-
ficance is demonstrated by the fact that revenues from these faci-
lities amounted on the average to little more than $2 million per
annun between 1939 and 1952. (/3) In 1953 the Province of British
Columbia, and more recently the Province of Quebec, established toll
road authorities which organizationally might be described as public
utilities; while the first toll highway in Quebec is still in the
planning stage, some larger toll bridge projects have been success-
fully launched in British Columbia. In comparison with total

government expenditures on roads in Canada, which may exceed $800

million during the fiscal year 1957/58, the scope of highway
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operations carried out by these other organizations appears, however,
to be negligible.

If historical experience affords any guidance, the provision
of highways in Canada 1is appropriately a function of government.
Accepting this general premise, the question of the relative shares
of highway responsibilities to be assumed by the different levels
of government must then remain a matter of debate. In recent years
some convincing arguments have been put forward, to the effect that
the urban municipalities should be relieved of some of the more
burdensome obligations for main traffic arteries at present under
their jurisdiction and that the responsibilities of the provincial
authorities and the Federal Government should be enlarged instead.
However, for purposes of the present study, the distribution of
jurisdictional responsibilities is a secondary problem. More
important is the fact that in Canada public authorities are tra-
ditionally regarded as the appropriate agencles to be responsible
for highways.

Experience in the United States

Historical experience has been slightly different in the
United States. Although there too the provision of highways and
streets has been recognized as a general governmental function from
the earliest times, in more recent years the institutional approach

has differed somewhat from the one adopted in Canada. Whereas in
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this country there is no, or orly a very tenuous 1link ™ between ex-
penditures on highways by provincial authorities on the one hind, and
provincial revenues obtained from road users on the other hand, the
practice of dedicating all or part of the proceeds of motor-fuel taxes
and motor-vehicle fees to highway purposes is widespread in the United
States. This practice is followed by all except four States and is

required by constitutional amendment in 26 of them.(75)

The Public Utility Approach to Highway Provision

The dedication of highway-use proceeds to highway purposes can
be regarded as a partial move towards the acceptance of the "public
utility" approach to highway provision. This approach has found
considerable support in. the United States and its adoption in Canada
has been suggested on a number of occasions. It should therefore be
subjected to scrutiny.

The dominant feature of the "public utility" concept of
highway provision is its gquasi-commercial approach to finance and
the pricing of the services. While most advocates of the concept
would still let public authorities retain operational control and
jurisdiction over the highway plant, the discretionary powers of
the government in financial and fiscal affairs in this field would
be rigorously circumscribed. In particular, all taxes derived from

the ownership and operation of motor vehicles, such as motor wvehicle

*PThe Ontario Department of Highways' report A Plan for Ontario
Highways states:
"Highways are financed in Ontario by appropriations of the
Legislature from the Consolidated Revenue Fund, into which
go recelpts from nearly all tax sources and special fees.
The Legislature tends to appropriate funds somewhat in pro-
portion to the funds received from special highway taxes, such
as on gasoline and motor vehicles. Over the years, however,
there have been notable exceptions when appropriations were
much less than the special revenues, and conversely, whe aSnual
highway budgets exceeded special highway tax revenues." 74
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license fees, motor fuel taxec an” special imposts on commerciasl
motor carriers,aﬁ'would be regarded as "user taxes™, or as specilal
fees for the use of the highway plant. In this way, user charges
would be levied in addition to, and quite separately from, general
taxes.

The highway authority, under the public utility approach,
is then under obligation to relate its highway expenditure pro-
gramme in some fashion to user tax revenues, in other words to
balance its accounts. Although all protagonists of the public
utility concept agree on this fundamental working principle, there
is considerable disagreement among them on subsidiary technical
and bookkeeping problems. For example, there is debate as regards
the magnitude of government contributions from general tax funds
which might be credited to the highway account, whether to stipu-
late rigid "pay as you go" policlies with annual revenues covering
both current and capital expenditures, or to permit more flexible
long-term investment methods, and how to calculate the wvarious
road users' shares. The merits and defects of these subsidiary
details have probably been debated at greater length over a
longer period of time, than the advantages or disadvantages of the
public utility concept itself.

In general terms, then, the public utility concept treats
highway provision as a function which is quite different and dis-
tinct from other government functions; the concept also segregates
road user taxing and highway spending from all other fiscal acti-

vities pursued by the government. ¢

* Some groups go as far as to suggest that sales taxes, excise
taxes, exclse and customs duties levied on motor vehicles and
motor vehlcle accessories, should also be regarded as user
taxes in the narrow sense of the word and hence be credited
to public highway accounts. y _ 155



In effect, the quasi-commercial approach intro“uces additional
rigidities and curbs to the government's powers to collect and allo-
cate general revenues as it sees fit. Many criticisms which have
been levied against the public utility concept stress these conse-

quences. The First Progress Report notes that "numerous students of

government) tax experts, an” budget officers have for many years
decried the practice of devoting specific tax revenues to highways

or any other individual function"(76) and then quétes Glenn D.
Morrow, at the time Research Associate, Bureau of Business Research, .
University of Kentucky, as stating in part as follows:

"The dedication of revenues for the support of particular
activities severely restricts fiscal management by placing
the administration of these activities outside of general
budgetary control procedures. As a consequence, overall
fiscal control cannot be exercised as effectively; the
periodic allocation of available resources to meet expen-
diture requirements becomes more difficult; the exscution
of work programs cannot be synchronized as well; and full
advantages of many other budgetary control functions, in-
cluding such housekeeplng functions as accounting, pur-
chasing, treasury management, etc., cannot be fully
realized,"(77)

Notwithstanding these and simllar criticisms, there has
recently been a further strengthening of support for the public
utility approach to highway provision in the United States. Evidence
for this is provided by the success of the toll roads in recent
years =-- for toll roads are the ultimate in user charges =- and in

certain user~tax provisions contained in the Highway Revenue Act of

1956. (78)
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The First Progress Reoort(79) cites three reasons for the wide-

spread popularity of road-user taxes and of the policy of dedicating
their proceeds to the support of highways: first, their lucrative
character; second, the popular appeal of a taxation system which pur-
ports to exact from each user a fair charge for the service he receives;
and finélly, the recognition that there is need for competitive equa-
lity among alternative transportation media.

The "equity" aspect and the "competitive" aspect of highway
and road user taxation will be Adealt with later in this study. The
first reason given, the lucrativeness of highway user taxes, must be
assessed in the light of conditions in the United States. It will
be realized that these are rather different from those prevailing
in Canada.

It is held by many students of the problem that motor
vehicle transport in the United States has already passed its peak
period of expansion and that the expected further growth of motor
vehicle ownership and travel -- although quantitatively still impres-
sive -- will take place at a gradually declining percentage rate. In
1953, for instance, there were 2.8 people per motor vehicle in the
United States. 80) One writer on the subject contends that "... the
reasonable saturation point appears to be 1.75 persons per vehicle ..."
and predicts that saturation would be reached in the United States
by 1965.(81) This contention is supported by evidence from two

(83)

highly motorized states, Florida(sz) and California where the
trend towards greater vehicle density proceeded at a much decelerated
rate after a ratio of about three persons per vehicle had been

reached.

The general proposition can be accepted that motor transport

in the United States is well integrated into the social and economic
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fabric and i1s now heading for an era of consolidation and some
moderate expansion. Broadly speaking, no unsurmountable diffi-
culties of finding sufficient revenues for the modernization and
development of the most important highways and urban arteries from
road user sources are to be anticipated in the United States. It
is against this background that we must consider the growing sup-
port for a public utility approach to the provision of highways.
For years associations of highway users, automobile clubs
and spokesmen for the trucking industry in the United States have
clamoured for the dedication of highway revenues to highway pur=-
poses; for them it was a matter of funnelling lucrative taxation
proceeds, collected from a well-established industry, into the
right channels; foremost in their minds was not the lack of high-
way funds, but rather the risk of having surpluses diverted to
other governmental activities.
In addition there was growing impatience in many parts
of the United States with the slow pace at which modernization
of obviously inefficient highway segments proceeded. Road users
were quite willing to submit to additional taxation if only they
could be certain that the funds thus collected would lead to
immediate tangible highway improvements. Thus a climate of
opinion most favoﬁrable to a "uger tax" or "toll charge" approach
developed. Richard M. Zettel in his QObjectives and Concepts of
Highway-User Taxation ~- one of the best analyses of the problem
in terms of conditions in the United States =- put it this way:
"Phenomenal growth of traffic, new and costly conceptions
of highway design, failure to adjust user taxation to

investment requirements and possible misuse of user tax
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funds from the motorists' standpoint may, in concert, have

given rise to the modern version of an old method [:i.e. toll

chargesJ of getting capital for highways and the means of
repaying it."(84)

Largely due to the efforts of highway user groups, the
practice of highway user revenue dedication, as we have seen, be-
came well established in the United States. Once motorists knew
that they wanted the public utility approach, which is so admirably
suited for a "going concern", general acceptance of the principle
was probably not difficult to obtain =- after all, almost all tax-
payers ahd voters in the United States are also motor vehicle owners.

Environmental Conditions in Canada

It is important to observe that in Canada, by contrast,
the rendering of highway services cannot be regarded as a profitable,
self-sustaining and well-established activity. This country, far
from possessing either a fully developed highway network, such as
the U.S. Interstate Highway System, or a mature motor transport
industry, is in the middle of a difficult growth period. The sheer
physical problems of opening up the country and of linking the
widely-separated regions require enormous efforts. After years of
concentrated construction work it has become apparent that the
Tréns-Canada Highway, undertaken as a national project to link for
the first time all provinces by means of a modern paved road, will
not be completed before the end of 1960. Apart from the urgent
need to modernize at great expense some of the presently grossly
inefficient road and street facilities in Canada's larger urban
centres, efforts may have to be made in the near future to bring
the inadequate highways of the Maritime Provinces and other regions

up to tolerable standards.
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In addition to these high "transport overhead costs", or
"national linking-together expenses" as they have been called -
one of the pecuniary penalties resulting from Canada's lafge
geographical size -- there are the strains imposed by economic and
population growth. For many years now the rapid expansion of motor
vehicle ownership and usage has completely outstripped the capacity
of the authorities to provide the road and street facilities
necessary for efficient traffic circulation. Campbell shows for
example:

"In 1953 there were nearly 575,000 miles of highways and
rural roads in Canada. Of this total only 33.2 per cent,
or 190,997 miles, were surfaced, while only 5.3 per cent,
or somewhat less than 31,000 miles, were paved. By way
of contrast, nearly 60 per cent of the total rural mileage
in the United States was surfaced, and nearly 22 per cent
was paved in 1953."(85)

Despite the great increases in the number of motor vehicles
which were experienced during the post-war period,*‘ the Canadian
vehicle-ownership ratio had decreased to only four éersons per
motor vehicle by 1956, a proportion which had been reached in the
United States already in the late 1930's. Hence the mere catching-~
up with the trends experienced earlier in the United States will
require further large extensions and improvements of the highway
system, quite apart from the efforts necessary to eliminate de-

ficiencies which accumulated in the past.

¥ Total motor vehicle registrations in Canada more than doubled
in on%g 8 years, from 1,845,000 in 1947 to 3,954,000 in
1955, (86)
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Even if and when the time-lag of about twenty yearé between tlie
American and the Canadian trend in motor vehicle ownership and usage is
eliminated =-- and there is evidence*ttﬂmt this will eventually happen
by virtue of faster Canadian growth rates -- it is still very doubtful
indeed whether highway transport in Cana”a, for many years to come, can
be as self-sustaining on a user-tax basis as road transport in the
United States is. The greater size of this country in relation to
population, and hence the huge distances between centres which have
to be spanned by highways, must be considered. On a per capita basis
Canadian citizens support a larger highway mileage (about 41 miles
per 1,000 people), than any other country in the world except
Australia (59 miles). Figures for other countries are: New
Zealand 38 miles, United States 21 miles, Union of South Africa
13 miles, U.S.S.R. 9 miles and United Kingdom 3 miles per 1,000
people.(87) Another consequence of the unfavourable relationship
in Canada between population and size of the country, or highway
mileage to be supported, is the low ratio of motor vehicles per
highway mile and hence of road user taxation available to support
the network. According to statistics quoted by Karl M. Richards,(88)
in 1953 there were 17 vehicles per mile of highway in the United

States, but only 5.8 in Canada.

*’An Ontario Department of Highway study, Future Passenger Car
and Commercial Vehicle Travel, states: :
"A comparison between Ontario traffic growth rates and those
reported by various U.S., road administrations shows that
Ontario's traffic is expanding and is expected to continue to
expand at a considerably faster rate than found anywhere in
the U.S. It would appear that this is a result of Ontario's
vehicle miles of travel per capita catching up very rapidly."(87)
The statistical results of this comparison are shown in
Table 26.
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In any comparison of the highway problem between Canada and
the United States the fact must finally be teken into account that
the severity of the climate, snow, ice, frost, unfavourable soil,
topography and drainage conditlons which are encountered in this
country, make for very heavy additional expenses.

Campbell points to the fact that "in the 19-year period
from 1935 to 1953, the total revenues from road user imposts
accounted for 71.9 per cent of all road and street expenditures
in Canada ...".(85) While such a& Jjuxtaposition of data is not

too meaningful unless the attempt is made to contrast economically

desirable highway revenues and expenditures with each other and
with actual experience, the comparison nevertheless shows that
highway user taxes cannot be regarded as a lucrative source of
extra revenues for the government. In view of the factors con=-
sidered this is not surprising, nor is there any evidence at this
stage of the discussion that it should be otherwise.
Rejection of the Public Utility Concept

There seem to be a number of good reasons to reject the
application of the public utility approach to highway finance in
Canada. On a theoretical level, all the objections which have been
raised against the public utility concept as such apply with equal
force to its extension to the highway sphere. The public utility
might be regarded as a hybrid between the public enterprise and
the private monopoly; conceivably it might combine the less desirable
features of both. Under the public utility approach to highway pro-
vision, government authorities would then be required to simulate
the actions of an economic institution which itself does not conform

to any theoretical ideal.
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On a practical level it appears that the concept was evolved‘
in the United States to suit certain conditions which, however, do
not exist in Canada. In this context it is impossible to ignore
the very powerful influences on highway policles exercised by geo=-
graphical, climatic, socio-political and particularly economic and
traffic growth factors; all these environmental features Aiffer
greatly in the two countries. It would be just as logical to urge
adoption of British road finance methods in the United States, as
it is to suggest that Canadian authorities should necessarily copy
the procedures of their colleagues soutﬁ of the border. Similarly,
it is impossible to disregard the great regional differences
existing within Canada. Highly industrialized and densely popu-
lated Ontario, for example, with one motor vehicle for every three
persons, may be in a good position to finance ambitious highway
programmes from user taxation. Newfoundlend, on the other hand,
with one motor vehicle for every ten inhabitants, will probably
require quite different financial and organizational approaches
to its particular highway problems.

Economic considerations do not legyég;port to the pro-
position that highway expenditures in Canada as a whole or in any
region should be rigidly tied to highway revenues as the public
utility approach demands. Expenditures on roads should be de=~
termined on the basis of ascertained needs of the system, coupled
with comparisons of the economic benefits to be reaped by spending
public funds in one particular way rather than in another. During
a period of expansion and rapid growth of motor traffic, not
enough funds would be forthcoming to finance the development of

the highway and street system. Hence heavy economic losses would
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be incurred by the community as a whole through underinvestment in_]?
roads. During a period of stagnation or moderate growth of motor
vehicle traffic, on the other hand, excessive spending on roads

might be encouraged by the public utility method to the detriment

of other government investment projects. There are many competing
uses for public money and, unless compelling arguments to the con-
trary can be put forward, the highway function should be subjected

to the same economic criteria and public finance controls as all
other government functions.

Highway transport ir Canadais now going through an expansionary
phase which calls for great public investment in road and street
facilities. This partly explains the current intéfest in highwayl
finance and the special status with which the subject has been en-
dowed by some. But the problem has to be seen in historical per-
spective: 1in the past money spent on railway development yielded
the greatest benefits; today highways and the St. Lawrence Seaway
offer great scope for public investment; tomorrow even more pro-
fitable opportunities may open up in the spheres of atémic energy,
urban renewal, and air transport.

Similar considerations should prevail on the revenue side.
Highway user imposts cannot be treated in isolation, but must be
judged in the light of the efficacy of the taxation system as a
whole. Our criteria must be how much money should be collected
from taxpayers as a whole, and secondly, how to distribute the
burden in the most efficient manner among individual taxpayers.

It does not appear that the public utility approach can be used

for guidance when these questions have to be decided.
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On balance the public utility approach, with all the rigidities
it introduces into government planning, with its emphasis on pseudo-
commercial notions, must be rejected. Perhaps the spread of the
public utility concept, just like the success of toll roads, can in
some cases be traced back to certain shortcomings in the performsance
of public highway authorities and of government generally. To use
Zettel's phrase: '"user taxation was conceived of expediency, born
of necessity, and nurtured of politics."(go)

There is no reason why a government, acting according to
sound economic principles, should not be able to perform the high-
way function efficiently. This possibility will be discussed in

the next chapter.
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VI - PUBLIC HIGHWAYS - ECONOMIC PROBLEMS

In the last chapter some important background factors were
discussed which have to be taken into account in any realistic
appraisal of public highway problems. With particular reference
to Canadian conditlons, we arrived at the conclusion that the so-
called "public utility" approach to highway finance must be rejected.
For practical and theoretical reasons the provision of highways will
therefore be treated as a public enterprise or government function
throughout the remainder of this study. In this chapter the attempt
will be made to analyse the economic problems posed by public high-
wayse
The Main Economic Objectives

It is essential to distinguish first quite clearly the
various economic objJectives we intend to pursue. Too many different
issues, too many divergent ideals we might try to attain spring to
mind when we look at the highway problem as a whole; as one doyen
of highway research in the United States put it: "To visualize the
whole plcture at once has already given me mental indigestion.“(gl)

Following the procedure established in the toll road
analysis we shall first discuss highway investment problems, such
as the allocation of funds to the highway function, the selection
of the optimum plent size and the best level of output. Subse=-
quently the pricing of highway services wlll be analysed. Finally,
as a subsidiary problem to pricing, possible methods of collecting
charges from users will be considered.

At the outset the logical interdependence of these broad

problem areas and their relative significance must be defined.
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Some difficulties arise when a syctematic treatment of the natural
gsequence of events and declsions is attempted. In one sense the
investment decision of the highway authority -- which will aﬁgi—
cipate traffic flows, choice of routes by users, motorists' willing-
ness to pay certain charges and other demand factors =-- must come
first and is more important than the subsequent pricing policy.

In another sense, however, the optimum location, size and output of
the highway plant to be constructed is determined by the pricing
policy, since it in turn influences the demand for highway services.

The dilemma thus posed by the fact that the sequence of de-
disions appears to be the reverse of the sequence of eventé, has
baffled many students of road transport economics. One school of
thought, the advocates of the public utility approach, stipulate
the following order of economic action: first, introduce a pricing
policy which serves, inter alis, objeétives of fairness and eéuity
of taxation, maintenance of competitive neutrality between different
fransportation agencles and the balsncing of highway revenue and
expendlture accounts at any moment of time; secondly, make revenues
produced under the given pricing regime, or anticipated under a pro-
posed pricing regime, the basis of your subsequent highway investment
and expenditure decisions.

A number of bookkeeping refinements have been suggested by
adherents of the public utility approach to highway provision; for
example, 1t is proposed that not all highway expenditures need to be
balanced by highway revenues, since there should be a credit item
from general fiscal funds equivalent to the community services
rendered by highways. It is further suggested by some, but not all,

advocates of the public utility concept, that highway expenditures
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of a capital investment nature may be written off in fhe accounts over
a period of years, |

These proposed modificatioﬁs need not occupy our attention now.
It is more important td recbgnize that a concept which would let -the
pricing policy, and hence revenues, determine the investment policy,
distorts the loglecal paftern of relationships betwéen inter-related
factors. Basically, planning of new investment is independent of
pricing, but at the same time pricing also has to be taken into
account as a dependent, but necessary, part of the entire highway
plan. Hence it will be far more satisfactory to treat the investment
analysis, the determination of priorities, the allocation of funds
and the evolution of pricing policies as interconnected parts of the
same problem.

Although the more sophisticated versions of the public
utility approach can achieve quite satisfactory results, there is
always the danger that too much emphasis is placéd on the magnitude
of revenues collected from road users in the past as the principal
determinant of future highway expenditures. It is only too easy to
slip into a narrow bookkeeping approach, with highway revenues and
expenditures all neatly balanced year after year, while great social
losses are incurred because more dynamic =-~- and less easily measurable =--
highway development possibilities are completely neglected. It is
therefore desirable that we should get away from the contemplation
of past fiscal records and evolve a more dynamic approach to highway
development and financing.

In the following analyses we shall treat highway investment
planning -~ in other words resource allocation designed to achieve out-

put maximization over time -- as being of greater importance and
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deserving first priority. Pricing poiicies, seen both as revenue-
ralsing and as consumption-rationing devices, will be regarded as
playing a subordinate role to highway investment decisions.
Theoretically ideal pricing policies and user-charge techniques
which are feasible in practice will finally have to be reconciled.
‘Néw Definitions of Working Variables

We noted before that we move from the narrow specialized
case to the broad, all-embracing economic concepts when we effect
the change from the toll road model to the public highway system.
-This calls for re-definitions of our working variables.

The toll road operator based his decisions and actions only
on those costs which resulted in money outlay to him and only on
those benefits conferred by the provision of highway services
which resulted in revenues to him. He endeavoured to pass on to
the community at large as many as possible of the social costs
caused by toll road operation, but we saw that most of these be-
came real costs to him as he widened the scope of his activities
to include, for example, industrial development, land speculation
and so on. Similarly, by broadening the range of projects he took
on, almost all social® benefits were turned into money revenues
accruing to him.

By simply carrying this process of extension of activities
further and further, we will eventually reach the position occupied
by the public highway system. All activities external to the

privately-owned toll road, which were favourably or unfavourably

‘% To simplify the terminology all non-vehicular benefits (1.e.
those called "direct", "indirect" and "transferred" non-

vehicular benefits in the First Progress Repor§(92)) will be
called "soclal benefits" from now on.
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influenced by its operation, are then internal to the economy ag a
whole and hence of direct concern to the public‘highway departmeyt
and other authorities. In other words, all economies and giseddndmies
which were external to the toll road, now become internal4economies‘
and diseconomies of the public highway provision function, when
looked at from the point of view of the national economy. Hence
all benefits attributable to, and all cogts caused by, public high-
way provision must be taken into account in road investment planning.

In the following sections some examples are given of how
highway benefits and costs might be interpreﬁed in this broad way.
Highway Benefits

Benefits conferred by highway provision were measured, in our
toll road example, by the maximum amount of money users in the aggre-
gate were prepared to pay for the services rendered. The highway
authority, acting in the public interest, is concerned with social
aggregates and will therefore, in the widest sense, measure highway
benefits in terms of additions to gross national product. Assuming
full employment, highway benefits will be measured not only in terms
of savings in cost, time, inconvenience etc., which road users can
directly realize, but also in terms of transportation cost, pro-
duction cost and distribution cost savings accruing to the enfire
economy. When there is unemployment then the favourable employment-

creating effects of investment in highways must also be taken into
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account.

This is to say, in effect, that gighway planning -- like all
other economic planning -- must teke all relevant circumstances into
account. It must not be forgotten that the transport industry 1s a
service industry and that the provision of highways must therefore
also serve some wider economic, soclal and political purposes beyond
the mechanical conveyance of vehicles from one point to another.
Highway development may exercise most beneficial effects on land
use, growth of secondary industries, and development of natural re-
sources, and these economic consequences should be considered.
Construction of highways between agricultural areas and large
population centres, for example, might stimulate the procfuction of
perishable food=-stuffs which can then be sﬁccessfully marketed
over greater distances. Coordination between the highway depart-
ment and the department responsible for agriculture, when assessing
highﬁay development benefits in such a case, is essential. The
same applies to the mining industry, forestry, fisheries, the
tourist trade and in the widest sense to all economic activities

which are served by highway transport.

¥, 6. J. Ponsonby points out, inefficiencies result if the
unemployment criterion is given preference over transport
and traffic considerations. Referring to the failure to
cope with the great increase in the volume and speed of
modern traffic in the big cities of Great Britain, he states:
"This grave omission, whilst to some extent reflecting an
error of policy, was partly due to the conception of roads
as a means of reducing unemployment. It was 'policy' to
bulld roads in depressed areas, and wherever there was a
surplus of labour. This involved a permanent reluctance
to undertake reconstruction in built-up areas, where so
much of the total sums i vo%ved are absorbed by land pur-
chase and compensation." ({93
Some "overdevelopment" of remote rural roads in the Uhited
Kingdom took place during the 1930's, to provide work locally.
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Highway Costs

Highway costs too must be assessed in such a way by the
public authorities that social cost factors, which would escape
attention under an ordinary bookkeeping approach, are taken into
account. Highway noise, fumes, dust are factors to be considered,
also possible detrimental effects of road layout on land values.

It is sometimes argued that the rapid depreciation in
the value of fixed assets of one transport agency caused by the
emergence of a competing medium can be regarded as a real loss to
the community. It is contended, for example, that social costs
are being incurred when a railway line 1s forced to close down
because all its business has been taken over by trucks and buses
using a parallel highway; in this case the abandonment of railway
cuttings, graded tracks, tunnels etc. sand other items with little
or no resale value i1s regarded as a loss, to the éommunity, of
"valuable assets". |

It should be emphasized that in such instances the
historic costs of fixed assets are quite irrelevant and cannot
be debited to the "social cost account" of the highway agency.

If durable assets of railways -- and for that matter of pipelines,
highways, airports, canals and harbours =-- are rendered obsolete
due to competition more quickly than through normal physical

wear and tear, then this is a case of faulty planning at the time
these assets were acquired, which only now has come to light. We
are concerned with the allocation of scarce resources for current
and future productive purposes and we must judge the economic
value of durable assets acquired in the past by their contri-
butions to current and future output. Hence historic costs are

irrelevant and the loss in book values of durable structures or
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equipmeﬁt ownea by one transport agency cannot possibly be debited
as a current social cost to the competitive medium.
Problems of Benefit and Cost Measurement

We interpreted benefits conferred and costs caused by highway
development in the broadest possible way. With some justification
the criticism could be put forward that our definitions are un-
realistié, because there are no measuring techniques available to
match these wide interpretations. Admittedly, there will be
practical difficulties in assessing all benefits and all costs to
a great degree of accuracy‘in all circumstances, but this does not
mean that we should not set our aims high. We must start off with
our cost and benefit assessments from the safe but narrow base of
measurable items, such as savings and losses in time, vehicle
operating costs, accident costs; this will eliminate at ieast some
areas of doubt which might adversely affect our highway investment
decision making. It should then be our prime aim to narrow down
further the scope of guesswork by improving our measuring techniques.

It appears that the Highway Cost Allocation Study which 1s
currently being conducted in the United States, may proceed in
this way from the well-known and well-established facts into new
spheres where ignorance still prevails. This is gratifying, because
so many times investigations in this field seem to start off from a
very wide basis, with sweeping terms of reference to enquire into
the general economic nature of roads and road transport; but then,
in order to produce tangible results quickly, the scope of research
is narrowed more and more -- partly by taxonomy -- until the final
conclusions are all but useless since they apply to such a limited

aspect only of the original subject.
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There is a strong tendency running through much of the -
literature on highways and highway economics to cling to things
which are measurable. Dearing called it a "futile quest for
arithmetic certainty".(gk) No doubt the strong engineering
flavour of the subject of highways has something to do with it.
Thils should be overcome, as was suggested, by proceeding from the
narrow area of measurable costs, benefits and other ascertainable
economlc facets, to broad and general concepts. There are great
opportunities for co-operation bhetween engineers and economists
in this field. Already a substantial body of information has been
built up on the favourable effects which highway improvements have
on direct vehicle operating costs.

To quote but one example of many possible ones: controlled
tests conducted inbthe United States have established the very
marked effects which rises and falls in the highway profile have
upon fuel consumption and travelling time of motor vehicles, parti-
cularly of heavy tractor-traiier combinations; It will be useful
to illustrate the types of results which can be expected in this
field by drawing on information contained in the First Progress
Report. Let us take the case of an extremely heavy vehicle
(140,000 1bs. gross vehicle weight), with the representative weight-
power ratio of 400 lbs. per horsepower (mahufacturer's net horse-
power rating). The First Progress Regort(gs) shows that the
following favourable effects on the performance of such a vehicle

were observed when the rate of rise and fall of the highway profilé“

M The rate of rise and fall is the arithmetical sum of the amounts
of rise and fall in feet for any section of highway divided by
the length of the sectlon in hundreds of feet.
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Was>reduced from 6 to 3 feet per 100 feet:

(1) Gasoline consumption decreased from 1.40 gallons per mile
to 0.70 gallons per mile. :

(11 ) Composite travel time reduced from 5.00 minuteé per mile
to 2.4 minutes per mile.

(111 ) Gross ton-miles moved increased from 50 to 100 gross ton-
miles per gallon of gasoline consumed.

(iv) Gross ton-miles moved increased from 820 to 1,780 gross
ton-miles per hour of travelling time.

Numerous other illgstrations for highway improvement effects
exercised on lighter vehicle types, with different weight-power
chargcteristics, could be quoted, but this one specific eiample will
suffice to indicate the type of {nformation which can be provided by
éngineering research and operating tests. As soon as we take the
next step and try to assess in money terms the savings made possible
by, for example; a reduction in the rate of rise and fall of the
highway profile, we move into the realm of economics. The economic
character and importance of the load which can thus be carried more
efficlently has to be assessed; time savings have to be translated
into money savings by taking into account the faster turnover of
vehicles, reductions in overhead costs (license fees, insurance
charges etc.) per ton-mile or per vehicle-mile, proportionate re-
auctions in labour costs and so on; allowances also have to be made
for the use of lighter tractors made possible by lower power require-
ments, for differences in services performed (line haul versus
pickup and delivery), differences in ratios of payload to tare

weights and for many other factors.
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It can readily be seen that there is great scope for further
research, particularly in view of the fact that so far relatively
little information has been compiled which goes beyond the basic
vehicle operating test and engineering data such as those mentioned
before. The field for fruitful enquiries widens even more when we
take into account broader social benefits, such as reductions in
acclident costs, industr;al development, improvements in land use,
creation of better mafketing possibilities and decentralization of
population.

It is impossible within the scope of this study to deal
exhaustively with all the methods which could concelvably be em-
ployed to assess the beneficial or detrimental effects.of road
development. Changes in property values should certainly be studied,
since they lend themsevles easily to estimation. The creation of
business opportunities brought about by highway improvements, on
the other hand, cannot be measured very simply and special
techniéues may have to be evolved. It is suggested that the effect
. of road and street improvements in large urban centers offers a
particularly profitable field for investigation in the widest sense.
In urban areas the social costs caused by the lack of efficlent road
transport facilities appear to be quantitatively especially important,
'as for example the readily observable decay of the central core of
many a large clty testifies.’K

Quite clearly other sclentific disclplines, such as economic

geography and hilstory, should also be brought to bear on the subject.

X The present author attempted to draw attention to the wider aspects
of the city traffic problem in the section of the Canadian Fede-
ration of Mayors and Municipalities) brigs to the Gordon Commission
which dealt with urban transportation. (Y
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Location theory may make valuable contributions to highway planning.
Advanced statistical and mathematical techniques are already being

used in the field of traffic engineering. Town-planners, archltects,
soclal scientists have a great stake in urban problems. No doors to

future scientific enquiries in this field should remaln unopéned.

Allocation of Public Funds for Highway Purposes

We now come to an important part of our analysis, the allo-
cation of funds for purposes of public highways. The state is
continuously confronted with the very difficult problem of deciding
how to allocate funds to differént government services, of which the
pﬁ?ision of highways is one. We are here not concerned with the
question of the proper delimitation of spheres of government activity
and of those which should rightfully be reserved for private enter-
prise. We assume that the state is carrying out all the functions
which it can fulfil better than private enterprise and vice versa.

We further take it for granted that both the level of total taxation
and of total government expenditure are optimum, in the sense that a
higher or lower level of either would result in a less advantageous

sltuation, or in less preferred clircumstances, for the country as a

whole.

Re-gstated, the problem of the state under these assumptions
is therefore the optimum allocation of disposable funds or resources,
the total level of which is optimum, to different government functions.
In the abstract, the most beneficial allocation of resources and the
maximum contributions to the social product will be achieved when
the (marginal) net returns from (marginal) government outlay on
Function A are equal to the (marginal) net returns from an equally

large outlay on Function B, and when both are equal to net returns
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accruing from government outlay in all other spheres. .
Problems of Measurement of Returns from Different Government Aqtii@t;gg

This formula for the optimum allocation of resourqgs'bj’a
government breaks down in practice, because of the difficulties in-
herent in measuring and cbmparing returns from the fendering of
different government services. Whereas we found before that the
measurement problems might be overcome within one .particular sphere,
namely that of highways, it seems almost impossible to develop a
yardstick of resource allocation efficlency which could be applied
to a number of diverse and unrelated government functions. How
could one, for instance, ever hope to compare the net benefits
accruing to the country from improvements in the maintenance of law
and order made possible by the construction of a new courthouse,
with those attributable to a new bridge? Obviously any attempt
to compare one with the other is doomed to failure. Even the old
remedy of economists in such cases =~ translation into money terms --
is of no avail, since the administration of justice, and many other
‘government activities as well, simply do not lend themselves to such
monetary or numerical aésessment.

As a concession to reality we therefore have to admit that
a large proportion of government outlay will not be subject to the
economic cost / net return calculus and will be determined by poli-
tical judgment. Of course, there will still be ample scope for
economic decisions as well and some authorities =« for instance
those responsible for transport and for public works =-- may rely
predominantly on economic criteria.

Inter-Agency Competition or Central Planning?
It may well be that in this economicepolitical sphere of
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government budgeting one department will be vying with another for
ihe allocatlion of funds. Golng further, two divisions within one
department may be competing with each other, for example the one
responsible for airport development with the waterways authority.
'How are the conflicts of interests to be resolved?

Different solutions have been prescribed for the optimum
allocation of funds between government departmeﬁts. Pseudo-
competition between the various agencies concerned with transpor-

tation in the United States has, for example, been suggested:

"Competition in transport today also has a significant bearing

on the organization of administration of public policy ...
Transportation is not a single industry ... and a uniform
program is not the answer to today's issues... The problems
are so distinct ... that separate commissions coﬁld function
more efficiently and mbre expeditiously. Each could deal
with the probléms of its own mode without the pressures of
the conflicting claims. of the other. Each would be compelled
to recognize the competitive requirements of its own charge.
Finally, the competitive pressures of independent and

separate responsibility would serve as a stimulus to

initiative, imagination, and adaptation that is sorely needed

in transportation today. Competition is an excellent anti-

dote to bureaucracy and vested interest."(97)

By contrast to this concept, which might be called the "com-
petitive approach to public policy", the central planning method is
espoused by other writers. Little, for example, favours the latter
solution for public enterprises:

“[?ha question can be raise%] whether it 1s not possible to
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introduce into public enterprise some element of competition.
o+s Thus it has been suggested that, for some industries, it
Hwould be better to have severallboards-which would compete
against each other, rather than one central board, There
would, however, be disadvantagés-in not having a central
board for an industry. In any industry there are probably
‘certain econamies of 'co-ordination', such as central re-
search and the dissemination of information. Perhaps more
important in some people's view is the fact that the industry
would become more difficult to control if there was no single
 central organization responsible to the Minister. ... the
same‘presumed advantages5 which would result from having an
industry split up'iﬁto a nﬁmber of competing boards, could be
rather better obtained with a central board, if that board
adopted a suitable policy."(gs)
| ’we}are in this study primarily concerned with the economics
of highway planning per se ahd we must therefore return from the
dizz& heights of general‘economic policy to our mare earth-bound
subject. However, it should be realized that the allocation of
public funds at a higher level of political and economic decision-
making, in the last résort, delimits the scope and magnitude of
highway investment planning.

L e Conf _Between Political and Econ Objective
‘ Hich Sphere

These limitations imposed on the highway function by general
economic policy and also the blending of political and economic pro-
cessesvin_the decision-making, has been decried by some as "political
interferencé with an economic activityﬁ. However, it is suggested
ﬁere that the alleged conflicts between political and economic
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objectives, as well as the appaﬁgnt dissension between the "com-
petitive" and the "central planning" approaches to fund allocation,
might largely be resolved by better planning and housekeeping arrange-
ments within the highway or public works departments.

Certainly under conditions on the North American continent,
highways, roads and streets do not serve special groups -- they
serve everybody. Hence, the criteria of road planning should
generally also coincide with political desiderata, such as "the
maximum satlsfaction from government expenditure for the maximum
number of people." It follows that efficient road planning methods
should serve political ends very well too. It fu?ther follows that
the final results and recommendations of these technically and
economically sound planning procedures should find a good reception
at the highest economic policy level. If decisions there are made
purely on political grounds, the public service aspects of highway
development plans might be stressed to get the expenditure pro-
‘gramme approved. It would, for instance, he hard to decide for
the political repfesentatives in power whether a constituency
which voted for the opposition should be "punished“ by withholding
road improvement funds from the area -- thus risking the permanent
alienation of those voters =-- or whether the electorate should be
"won over" by especially good treatment. In the end, ordinary
traffic and economic criteria may influence the final decision
more than anything else. If, on the other hand, a central planning
board has the last word in the allocation of funds for the various
government pﬁfposes, then the technleal quality and competence of
the plans prepared by the highway department should favourably in-

fluence the policy decision.
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It is for these politico~economic reasons that the so-called
"highway needs studies" -- which serve simultaﬁeously as internal
masterplans for highway departments and as documents to guide legis-
lators in the allocation of funds for road purposes =-- have been so
eminently successful in the United States and elsewhere.’?Mbst of
these studies follow a fairly standardized pattern, although refine-
ments are introduced as experience is gailned over the years. Usually

a classification of the highway system according to function per-
formed by each‘segment or component 1s attempted first. Thus
sevaralvclasses, such as freeways, major trunklines, minor trunklines,
feeder highways, secondary roads, urban expressways, residential
streets, etc., each serving a distinct function and purpose, are
established. Néxt, desirable technical standards are worked out for
each road class. Subsequently, a complete physical inventory is
taken of the existing highway plant and the actual technical state
of each component part is contrasted with the desirable standardse.
Improvement and development priorities are then worked out with the
worst deficiencies being allotteqd the highest priority rating.
Finaelly, costs of the complete. programme, as recommended by the
: highway department, are estimated.

Specific recommendations on the financing of the programme

and the pricing of highway services are usually not within the terms

e

1FHighway needs studies have been carried out in many of the States,

. in most cases by the highway departments concerned with the help
of independent consulting orgenizations, such as the Automotive
Safety Foundation of Washington, D.C. The first Canadian needs
study, also prepared with the help of the A.S.F., was completed
at the end of 1956 in Ontario; the report was made public by the
Ontario %%hway Department under the title A Plan for Ontario

ELEEEQXE. The present author was privileged to be associated
with this study for a limited period during 1956.
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of reference of the highway needs studies, but sometimes companion
documents dealing with these matters are prepared separately. It
has been suggested that the Ontario study(5) should also be followed
by a financial plan of action, since otherwise the proposed optimum
highway development programme may not be put into effect.

General Features of Allocation of Funds

What general features of interest can be deduced from the
description of the processes relating to the allocation of public
funds? Firstly, we observe a blending of economic and political
criteria at the top decision-making level. As far as highway
development 1s concerned there need be no conflicts, since the
economic and political desiderata largely coincide. It should be
added, though, that some regilonzl conflicts can arise; diver-
genceg of interest miéht further become apparent when a long-
term development policy, to the neglect of established areas, is
~ being implemented. For example, a government might deliberately
subsidize under-developed or growth areas by means of highway
programmes. There might also be conflicts between rural and urban
areas, when the former have a greater weight in the election pro-
cess than warranted by the number of inhabitants.

Secondly, it can be seen that the adoption of efficient
planning, management and housekeeping arrangements within the
highway department itself, will in most cases also result in the
desired allocation of necessary funds. Highway needs studies
and other planning instruments will be very useful, both in the
case of political decision-making and when a central government

planning board exists.

VI - 183



Road Revenue~Expenditure Equation as Guide to Public Policy?
Reverting once more to the "public utility" approach to

highﬁay provision, it may be remarked that an enforced linkage be-
tween highway expenditures and highway revenues would introduce
unnecessary rigldities and distortions into a process which in
practice works probably very well. The public utility concept =--
in order to minimize political interference -- would establish
equality, or some fixed proportionate fatio, between highway ex-
penditures and highway user revenues. We have seen that expenditure
determination is partially or completely subject to political de-
cisions; in fairness to the advocates of the public utility
approach we can assume that this difficulty might be overcome by
suitable.institutional arrangements.

However, the real difficulties arise when we consider the
revenué side of this allegedly ideal equation. If we use revenues
collected from road users in form of license fees, motor fuel taxes
and special fees as the criterion for the:"social profitability" of
Highway expenditures, then the underlying assumption is that the
existing user imposts are at the ideal level., This assumption is
inadmissible. By drawing on the exsmple of & specific road project
Winch puts thé theoretical case very well:

"It is important to note that the levels of expenditure and
~ revenue incurred by a project are in no way a criterion of
whether that project is worth while. Various forms of

'solvency quotient! have been devised by writers in the

U.S.A., and the idea is prevalent in the minds of many

actually responsible for planning. It relates the antici-

pated earnings from a project in the form of increased
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highway user tax revenues with the expenditure on the project.
There are two objections to use of this as a criterion.
Firstly user taxes do not always measure benefit. Thus
straightening a curved road might reduce fuel consumption
and fuel tax receipts, showing negative revenue from the pro-
ject while the benefit might be considerable.l Secondly'fﬁk
éssumes existing rates to be at the ideal level. If a pro-
ject is solvent by this criterion it means that users are
prepared to pay the expenses of the project ..; If it is not
solvent, however,- it may mean that tax rates are so low that
users will not be charged the full expenses involved, though
they might be prepared to pay them; alternatively it might
mean that tax rates are so high as to discourage traffic
which would be prepared to pay the costs of the project ...
It therefore puts the cart before the horse in saying that
a project must be solvent at existing rates of taxes in
order to be worth while, rather than that a project which
is worth while can be made solvent at the right taxes."(99)
The same reasoning applies also, of course, to the relation-
ship between revenues and expenditures of all projects contemplated
by a highway department and hence. to the "solvency" or the "soclal
profitability” of the highway function as such. |
Revenue~Expenditure Relationships = Practical Experignce
In practicel terms, it is also interesting to note that
there does not seem to exist anywhere a consistent pattern of user
tax rates and of highway revenue / expenditure relationships. In
Canada gasoline tax rates range from 1 cent per gallon (Northwest

Territories), 6 cents (Yukon) and 9 cents (Manitoba) to 17 cents
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per gallon in Newfoundland and Nova Scotia.(loo)

Vehicle registration
fees also show great variations. During the post-war period (1946-52)
user revenues in Canada as a whole accounted for 80 percent of pro-
vinciél expenditures on roads and streets, but for only 42 percent
in Newfoundland as compared with 102 percent in Onterio and 116 per-
cent in Saskatchewan.(101)*Fthing certain assumptions as to annual
mileage travelled, fuel consumption etc., Campbell shows that great
variations in user imposts per ?ehicle-mile or per ton-mile paid by
the same vehicle types exist in different parts of Canada.(loz*)
Campbell's comparison of median road user imposts per
vehicle-mile paid by selected vehicles in Canada and the United
States further brings out the fact that the Canadian charges are
from 101 per cent to 133 per cent higher than 1n the United
States.(105) Analogous comparisons of road user taxes imposed in
the various parts of the United States show very great variations
indeed. Stipulating annual travel of 9,500 miles at 16.5 miles
per gallon, the First Progresg Report shows, for example, that
total annual road user taxes paid by & light-weight passenger car
in 1956 ranged from a minimum of $28 to a maximum of $68 within
the United States. Assuming 70,000 miles of annual travel at 4.3
miles per gallon, total road user taxes paid by a 5-axle diesel

combination varied from $1,284 to $4,304 in the United States.(106)

R These percentages are lowered considerably when municipal road
expenditures are included, without making allowance for muni-
cipal revenues from local taxes, which -- although not specifi-
cally earmarked for roads and streets -- are presumably partially
levied for this purpose.

Objections can also be raised, on grounds of accounting and
economlc principles, against a crude comparison of road
revenues and expenditures on a yearly or period basis, without
taeking into accouns the capital value of existing highway
assets. (102) (103 .
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Broadly speaking, road user imposts are lowest in the United
States, higher in Canada and highest in Europe. Motor fuel tax rates
range from a few cents per gallon in the United States ~-- regarded
there sometimes as "confiscatory" -- to the equivalent of almost
one dollar per gallon in some European countries. The relationships
between motor vehicle revenues and highway expenditures are much
less favourable for the road users' viewpoint in Europe than they are
on the North American continent. Total direct expenditures on high-
ways and streets in the United States (excluding capital outlay for
toll facilities) amounted to $50,299 million from 1947-56. During
the same period highway and street receipts from user imposts, toll
charges and certain property taxes (but excluding federal funds¥
and bond issue proceeds) were $40,395 million. Hence in the United
States user revenues accounted for about 80 percent of‘road ex-
penditures in the post-war period.(lOV)

In Great Britain, on the other hand, highway tax receipts
vastly exceeded expenditures. In the eight years from 1948 to 1955
altogether£l,677 million were raised from fuel taxes and vehicle
and license duties. Expenditures from the so-called "Road Fund"
in this period were only£.219 million. Not counting road expendi -
tures and revenues of local authorities, highway user revenues in
Great Britain accqunted therefore for pearly 800 percent of highway
expenditures. The road expenditures which would have been justified

in Great Britain under the public utility approach, might possibly

MFoderal funds amounted to $5,694 million during the period
1947-56; they were, however, derived from general funds and
are therefore not taken into account here on the revenue
side. Beginning July 1, 1956 the highway user has become
the almost sole provider of Federal funds for highways. Con-
sequently in future compilations of highway revenues and ex-
penditures, the motor-vehicle contribution will show substantially
higher percentages.
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have been unrealistically large, considering other economic and fisqal
factors.

It can be concluded that there 1s neither theoretical nor
empirical evidence that the equation of highway user revenues and
disbursements could provide much guidahce when decisions on the
allocation of funds for different government purposes have to be
made. The level of road user taxes =-- a factor which would assume
a causal role under the public utility approach -- is arbitrarily
fixed and may predominantly be determined by political consi-
derations. There is also evidence that the demand of motorists for |
motor fuel (and for the licensing of vehicles) is inelastic in terms
of changes in user tax rates. One reason for this is the fact that
road user taxes amount to only a very small proportion of the total
cost of owning and operating an automobile. The average Canadian
motorist, for example, pays about 25 cents a day, or $90 a year, in
user taxes, whereas the true economic cost of vehicle operation and

ownership amounts on the average to well over $1,000 annually.(loe)

Guiding Principles for Allocation of Funds

It is suggested that the determination of the magnitude and
priorities of road investment projects must come first. This is an
internal task of the highway department. The proposed highway de-
velopment programme, complete with cost and benefit estimates, must
then be reconciled with the claims for funds of other government
departments. Within the overall limits imposed by total planned
government expenditures, all projects which promise to yield net
social benefits over and above social costs should be considered.
Since the total proposed expenditures on socially worthwhile pro-

Jects may exceed total budgeted government expenditures, a proper
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sequence of priorities must be worked out. The procedures followed
would resemble those employed by the toll road operator (see
Chapter IV) when calculating project priorities, except that all
variables, such as costs and benefits, are interpreted in the
widest soclial sense.

Within the general framework of economic and fiscal policy,
highway user taxes can also be made to play their appropriate part,
both as devices for the raising of revenues and as devices for the
‘ rationing of highway use to economic quantities. Highway pricing
| problems will be discussed in greater detail in the next chapter.

Generally, it should be the aim of economic policy to give
all public enterprises and departments an equal.chance to prove
themselves. There should be "equality of promotion" of, for
example, all forms of transportation and of all public works. The
government should endeavour to preserve economic neutrality between
different activities by refraining from granting special subsidies,
preferentiel credit facilities and state guarantees to one public
enterprise, when such promotional treatment is not also given to
all other enterprises which have equally good claims for such en-
couragement. In short, there should be equal opportunity for

vgfowth of all public economic functions, taking into account, of
course, differences in the stage of development reached by different
agencles and differentials in the contributions to external econo-
mies ﬁhey may make.

Jurisdictional difficulties may'érise in the highway sphere
when this concept of "equality of promotion" is put into practice.
In Canada, due to special historical and constitutional circum-

stances, the Federal Government plays a very mihor role in promoting
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and financing road development. As we have seen before, the main
burden of highway costs is borne by provincial governments. How-
ever, all other forms of transportation -- water, pipeline, air
and rail transport -- are under federal jurisdiction. It has been
argued that due to the smaller fiscal resources of the provinces
relative to those commanded by the federal government, highways
are suffering a promotional disadvantage vis-a-vis the other forms
of transportation.

In the same way it is also argued that urban arteries and
streets, which are the responsibility of municipal governments,
suffer from neglect compared with provincial highways. Since there
is no overall government agency to look after all forms of trans-
portation and all roads and streets, it is held, there therefore
exist promotional inequalities between Aifferent transport media,
between different regions and between urban and rural facilities.
To give a hypothetical example: actual federal expenditures on a
harbour in the Maritimes might yield much lower net social benefits
than corresponding investment in (say) an urban expressway in
Montreal would have yielded, if only the jurisdictional circum-
stances had permitted the Federal Government to take on the latter
project.

This opens up the very wide field of inter-governmental

fiscal and economic relationships, which is worth a lifetime's study

by itself. It can merely be suggested here that the responsibilities

of the three levels of government for highways and streets might
profitably be re-defined in the light of modern conditions in Canada.
The tendency in the United States has been for the Federal Govern-

nment to grant lncreasing amounts of money ~- specifically earmarked
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for approved highway projects =-- to the individual states. Apart
from the Trans—Cénada Highway agreement between the Federal Govern-
ment‘and the provinces, there has been very little federal aid for
road purposes in this country. It is frequently suggested that the
Canadian system of unconditional federal grants to the provinces is
huch superior to the approach in the United States where the ear-
marking of financial aid is preferred, since the former method
leaves greater freedom of economic decision -- based on more inti-
mate knowledge of local or reglonal conditions -~ to the provinces.

In concluéion of this discussion on the political and
economic processes which determine the allocation of funds for high-
way purposes, it should be emphasized that no one system will suit
every country or every region. There are important differences in
tradition, economic circumstances and constitutional arrangements
to be considered. Ap the present time the tendency in the United
States seems to be to segregate the highway function from other
government business and to subject it to centralized planning
techniques.

Canada may or may not follow this trend, but in any case it
is important to bear in mind that wide areas of budgeting will al-
ways be subject to political conslderations and to declslion-making
at the ministerial level. As The Economigt put it: "Try as he
will the civil servant cannot quite act like a rate of interest.“(log)
In the last analysis the political authority must be the final judge
of the relative merits of the "essays in probability" and the
"essays in compromise", as economic ﬁlanning reports and political
reports were once called by a senior civil servant and economic

adviser to the British~Government.(llo)
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Investment Planning by Highway Department

To carry our analysis a step further, we now assume that ,
"optimum" funds -- by whatever political or économic planning pro-
cesses -- have been allocated for highway purposes. It is then the
highway department's responsibility to spend these given funds in
such a way that the maximum aggregate soclal benefits are obtained
for the community as a whole.

The highway department is confronted with a wide choice of
many posslible projects, all scattered over a wide geographical area.
The list of proposed projects may include, if we ignore jurisdictional
difficulties, such diverse facilities as urban expressways, mining
.- roads, bridges, causeways, traffic interchanges, primary highways
and local roads. The highway department is therefore in somewhat the
same position as our toll road operator when he had to decide which
projects to select and in what sequence.

The project selection processes employed by the toll road
promoter as described in Chapters II, III and IV, will largely also
apply to highway investment planning. There is no need to restate
them here, since the basic techniques employed are the same. Notable
differences between the two cases are:

(1) Theoretically at least, there is no limit to the number
of projects the toll road entrepreneur will promote, as long as each
one of them ylelds net revenues. Limitations on the number of pro-
Jects launched by him are imposed by the actions of other prémoters
and by general economic considerations, such as price trends, the
prevailing rate of interest, risk elements, etc. The investment
activities of the highway department, on the other hand, are circum-

scribed by the funds budgeted for highway purposes and it is the
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budget process which reflects the general economic forces such as the.
level of employment, inflationary or deflationary trends, the rat?f'
of interest, the avallabllity of resources for government purposes
~and so on. The highway department's scope of autonomous decisions
is therefore more restricted than that of the toll road operator,
since the responsibility for the determinatlion of the ;verall extent
of highway work rests with the economic policy makers.

(11) The highway department will interpret the working
»variables'"costs" and "benefits" in-thé widest possible way.
Appropriate definitions and interpretations were discussed at the
beginning of the chapter.

(11i1) Planning by the highway department will be an all-
embracing process, which will treat all highways and streets as
part of an integrated system, whereas the toll road operator tends
to deal with separate projects.

(1v) The "time" horizon of the highway department will be
more extensive, not only because it will alm at long-term maximi-
zation of net social benefits, but also because it will be in a
better position to take a long-term view than the toll road operator.
The main reasons are, firstly, that the provision of highways is a
continuing public function and responsibility; secondly, that
governments are self-perpetuating, permanent organizations; and
thirdly, that governments may produce better long-range forecasts
since they themselves control some of the important variables.

Bearing these differences in mind it will be very easy to
adapt the investment planning procedureé of the toll road model to
- sult the requirements of the public highway authofity. Initially

the soclal profitability of each of a number of individual projects
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must be determined. With the help of appropriate benefit and cost
analyses -~ which are identical in both cases provided all subsi-
diary and related activities of the toll road operation are taken
into account -~ the net benefits will be calculatéd, as illustrated
in Figure 13. In this diagram curve DM represents now the gross
soclal benefits and curve AKBH the social costs associated with
various levels of output of highway services. Net social benefits
(ADLBK ) will be maximized when OC quantities of highway services
‘are being rendered by the public highway. At this point the
marginal soclal costs of providing the last unit of highway ser-
vices are exactly equal to the marginal social benefits derived
from this last service unit.

Very little reflection will convince us why this must be
the most soclally desirable output position for one particular
highway project. If at output OC marginal social costs are just
equal to marginal social benefits, this implies that at that point
the things which are being given up by the community in order to
produce the last highway service unit are exactly balanced by
what that unit is worth to the community. This obviocusly is the
most preferred position from the community's point of view, since
at any other output either social costs are 1n excess of social
benefits for some output units (and thus the social loss could be
avoided by restricting output) or social benefits are in excess of
soclal costs for some output units (and social gain could be in-
creased by expanding output ).

As indicated by Figure 13 the highway department will work.
out the net social benefits (i.e. the difference betwesn gross

social benefits and social costs) for a number of possible highway
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projects, each planned and assessed for optimum output conditions.

As presumably not all projects yielding net social benefits can

. be carried out at once with the limited funds at the disposal of
the highway department, rational priorities will be determined with
the aid of procedures such as those described in Chapter IV. The
net soéial returns on sociasl capital can be estimated and used

for the purpose; the method which involves the minimization of
unnecessary costsAwhen a number of optimum plans are applied to
(unavoidable ) sub-optimum situations, will make possible further
refinements.

It is also possible to accord priorities to highway work
in order of the magnifude of deficlencies in each case. Using
methods which resemble those of the pathologist in medicine,

‘the highway engineers and highway planners will study all the
aspects of the very worst cases under the jurisdiction of the
departmeﬁt; the avoldable cqsts of accidents, the loss of time,
the economic waste caused by delay, bad pavements, steep grades
etc., will be assessed and will be contrasted with the costs of
effecting the needed improvements. The project with the highest
ratio of avoidable social costs to project costs will be given
first priority. This method is, of course, just a variation of
the ordinary cost ~ benefit analysis, since "avoidable social
coqts" are the same thing as social benefits. The so-called
"sufficiency ratings", which enjoy great popularity among highway

engineers, belong to this category.
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The System Concept Reintroduced ¥

We can now reintroduce the system concept which was discussed
at length in an earlier chapter aﬁd apply it to our public highway
investment and priority analysis. Let us assume that the net benefits
aceruing from évery single road project which is being considered can
be broken down into two distinct and separate parts: (1) net bene-
fits arising from the project itself, when looked at in isolation;
- (2) net benefits arising from the contribution of the pfoject to the
efficlency of the other projects and of the highway system as a whole.

Net benefits (1) cause no special difficulties and can be
assessed with the help of the ordinary analytical tools described in
the preceding chapters. Net benefits (2), on the other hand, are of
pafticular theoretical interest since their magnitude is determined
by the planning of the system as a whole,

Let us assume that three projécts, denoted by the letters
- ‘a', 'b' and 'c', are being considered, but that only two of them
can actually be carried out. Applying the system concept, the con-
struction of each one of thése three projects will always meke a
positive net contributlion to the efficlency of the network as a
whole. At the same time the construction of one project will affect
the efficlency contribuﬁion of any other project in one of the
following three ways: v
| Complementary Rglé&;onshig: construction of one project
raises the net system efficlency contribution of the other project.

¥ The writer is particularly indebted to Konrad S. Gizbert,
Economist, Department of Transport, Government of Canads,
for valuable suggestions relating to this section.
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Neutrality: construction of one project has no effect on the
net system efficliency contribution of the other project.

Competition: construction of one project “iminishes the
net system efficlency contribution of the other project.

These inter-relationships are not necessarily symmetrical,
since one project may be complementary to the other one, but the
second may be competitive to the first. Other combinations are
possible as well.

Let us illustrate the various possibilities by means of an
example. In Figure 27 project 'a' is a main route linking the
large centres A, B, C and D with each other and with the rest of
the highway system. Proposed project 'b' is a secondary route which
connects the smaller communities E and F with each other and with
centres B and C. In this situation the segment BC of route 'a' will
draw traffic away from 'b' and hence this part of 'a' will be com=-
petitive to 'b'. The other sectors of highway 'a' are, of course,
complementary to 'b'. Route 'b', on the other hand, will merely act
as a feeder to 'a' -- provided it is the more circuitous connection
between B and C -- and hence it will be complementary to the main
route.

Let us now introduce as a third project the route 'c!', which
connects centres A and G and thus is an extension of route 'a'.
These two projects are obviously complementary to each other, since
'c! acts as a feeder for 'a' and 'a' acts as a feeder for 'c'. What
is the relationship between 'b! and 'e¢'? If the link 'a'! between
A and B does not exist, the construction of one project will have
no effect on the other one, since they are not even connected; hence

neutrality between 'b! and 'c! exists.
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Let us recapitulate; if we compare the projects in pairs
then the following relationships can be observed:

Route 'a' is partly competitive, partiy complementary to 'b'.

Route 'b' is complementary to 'a'.

Routes 'c! and 'a' are complementary to each other.

Routes 'c! and 'b' are neutral to each other.

We said before that only two of the three projects can be
carried out with the avallable resources and hence priorities have to
be declided upon. Let us assume that all three highway projects en-
‘tail equal costs, but that net benefits of the first category --
those accruing from each project when looked at in isolation -- differ;
let us suppose that 'a' is expected to yleld 5 net benefit units, 'b! 6
units and te! 4 units. Therefore, if contributions to system effif
clency are not taken into account, project 'b' would logically be
glven first priority and 'a' second priority; when considered purely
on their own individual merits, 'a' and 'b'! would thus yield a total
of 11 net benefit units.

Let us now introduce the inter-related net contributions to
system efficlency of each pair of combinations. These are summarized

in the following tabulation:

Project Combinations Individual Cross Total Cross
Effects Effects
(net benefit (net benefit
units) units)
a b e
I. a4+b (competition) 6 1 7
II. b+4c (neutrality) 6 6 12

III. a<4c (complementary
relationship) 9 7 16
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It will be useful to explain the reasons for these cross
effects. If Project Combinatlion I is adopted, then 'a' 1s partly
in competition with 'b'; thus some traffic from points F, B, E |
and C, which might have used route 'b' to get to all the other
points and to the rest of the highway system, will now travel via
route 'a' which offers a better connection. Hence the construction
of 'a' will have a depressing effect on the net system efficiency
contributign of 'b'! and it will amount to only 1 unit, as shown
in the tabulation. Route 'a'!, partly helped by‘feeder route 'b!',
will contribute 6 units to system efficiency.

Let us now look at Project Combination II, visualizing
construction of the routes 'b! and 'c! which are neutral to each
other, Route 'b', which is not hindered any more by route 'a!,
now makes a substantial system contribution of 6 units. The con-
tribution of route 'c' is assumed to be also 6 units.

Under Project Combination III, finally, the complementary
‘relationship of the two routes 'a' and 'c¢' can be observed. Ve
can visuallize that a great deal of traffic from G and beyond can
now travel to points A, B, C, D and to remoter system destinations
by means of the two inter-connected and complementary highways ‘'a’
and 'e'. Consequently, the net system contributions of both these
routes will amount to 9 and 7 units as shown in the tabulation.

We*now have to add the internal ﬁet benefits accruing from
each project individually to the system contributions in each case,
In order to arrive at a final solution. Bearing in mind that we
stipulated the internal benefits to be 'a' = 5 units, 'b' = 6 units

and 'ec! z 4 units, we arrive at the following results:
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Combination nternal Beneflts Cross & System Grand Total
(units ) Effects (units) (units)

I. a+b 5+ 6 7 18
II. b+c 6+ 4 12 22
III, a+c 5+ 4 16 25

Taking into account both individual, internal project
benefits and the system effects, Combination IIT will be chosen
in our exsmple since it will yield higher total benefits than
any other project combination. If a cholce had been made on the
basis of individual project benefit assessment only, then Combi-
nation I would have been selected by the planners.

Many other examples could, of course, be devised when
different circumstances are assumed and various project combi-
nations are attempted. The one illustration given here should
suffice to emphasize the point that the investment and priority
planning of public highways must be conducted on a system basis

o ar méximum efficiency is to be achieved. In practical terms this
calls for a thorough assessment of the cross effects which one
project exercises on all other projects and on the system as a
whole. Failure to do this may result in bad planning and great
inefficlencies., |

The actual example of a belt highway, which was constructed
around the outskirts of a large metropollitan area, may serve as an
i11lustration. Referring to our Figure 27, this belt highway can
be visualized to link other centres with the metropolis, in the
same way as route ‘a' in our Arawing connects centres G, A and D,

with (say) a large city situated around E and F, with outskirts
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reaching to B and C. When the belt highway 'a' between point B and
C was planned, the fact was not considere& that it might be com-
petitive to the existing inferior urban route 'b' (and other
parallel routes ) which provided internal connections between one
side of the metropolis and the other. Hence the belt highway was
constructed as a four-lane divided, limited access highway of suffi-
ciently high standards to accommodate all traffic anticipated on
the sector BC.

As soon as highway segment BC was completed, however, motorists
desiring to travel between the general urban areas around E and F now
preferred to use the superior route EBCF and back, rather than the
existing congested urban artery 'b! linking E and F directly. Hence,
the sector BC of route 'a' became hopelessly overcrowded, with the
ordinary long-distance traffic between B and C and points beyond
impeded by all the local traffic diverted from the urban area around
E and F., If the competitive nature of routes 'a' and 'b! in this
area had been recognized in the planning stage, provision for a six-
lane or eight-lane highway between B and C might more appropriately
have been made; alternatively, simultaneous improvement of the urban
route 'b', or construction of a new route between E and F might have
been considered.

The example of the metropolitan belt highway will emphasize
the great need for éll-embracing planning techniques in the sphere
of highway provision, if the services are to be rendered efficiently
and at the lowest total cost to the community as a wﬁole. System
plenning becomes a very complicated process once more than three
projects are considered simultaneously. However, as was remarked
before, there is reason to believe that electronic computers comld most
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advantageously be user for the purpose.

Discriminating Monopoly
Having ~iscussed at some length specific problems arising
from the system planning of public highways, we shall now return to

various points of general theoretical interest. It will be recalled

- that in this chapter we proposed that the public highway authority,

in the course of investment planning, should in effect be simulating
the actions of a "discriminating monopolist". The use of this con-
cept and, indeed, the very term may arouse some criticism.

In defence of our analysis it should be pointed out that so
far we have been concerned with the ex ante planning of resource
allocation for highway purposes only. Problems relating to the
selling and pricing of highway services will be dealt with sub-
sequently; as far as our theoretical thought processes are concerned,
no discriminatory action has as yet taken place. |

It is true, we decided that individual benefits accruing from
highway use should be assessed on the basis of thé maximum charges
which could theoretically be extracted from users under a dis-
criminatory pricing regime. After we had seen that the highway
function should appropriately be entrusted to a public authority, we
extended aqq widened the concept until it embraced all benefits con-
xferred by ?%%ﬁs, however diffused throughout the economy. These
social benefits were assessed once more in terms of the maximum
charges which could theoretically be extracted from all beneficiaries --
from highway users, owners of adjacentvland, industrial developers and
all other subsidiary recipients of highway benefits -- under a highly
discriminatory pricing system. It would seem, therefore, that our
monopolistic highway authority 1s not even content to restrict its
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discriminatory practices to road provision, but extends it to other
related spheres as well.

This second line of criticism can also be met by the argu@ent
that actual highway charges need not be determined and collected in
this fashion; we are not yet committed to any particular pricing
policy snd we shall see later what other approaches, apart from the
discriminatory and monopolistic one, exist.

In order to avoid verbal confusion it may be useful to describe
the actions of the public highway department during the course of its

investment planning not in terms of "discriminatory monopoly practices",
but rather to visualize them as involving the "assessment of social
benefits on a differential basis". In the same way --using different
terminology -- we might say that the highway authority does not seek
to maximize "consumers' surplus", but rather endeavours to maximize
"net social benefits" or "social surplus". Once more it should be
borne in mind that the most desirable division of social benefits, or
of social surplus, into portions accruing to the producer (in our case
the state) and to consumers, is a pricing problem and will be discussed
later.

Maximization of Social Surplus - Theoretical Considerations

Some theoretical points which have been ralsed by writers in
this 7ield should now be clarified. 1In particular the so-called
"Dupuit Taxation Theorem", which has had a long history and varied
reception, is relevant to our discussion. The engineer Jules Dupuit,
in a treatise published in 1844, (9) & (111) established the essential
features of the consumers' (or producers') surplus concept, which was
later used by Marshall and has attracted the attention of economists

to this day.
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Dupuit pointed out that the total "utilité", or benefit, re-
sulting from the existence of a canal, road, bridge or other publ@c
facility, cannot be measured merely by total user charges, sinqpiéény
users would, if necessary, pay more than they are actually paying.
Dupuit therefore measured the true total benefits accruing fr;m the
existence of a public facility by the aggregate of the maximum prices
that would be paild for individual small units of the service.

To illustrate the proposition diagrammatically (see Figure 28),
let us assume that SB 1s the supply curve. As Hotelling points
out(llz) -- and we follow his lucid restatement of the Dupuit Theorem
very closely here -- this supply curve can be regarded as coinciding
with the marginal cost curve, provided that competition among pro-
ducers prevails, in the sense that each regards price as fixed beyond
his control and that each adjusts production to obtain net profit
maximization. The demand curve is DB, with the buyers of the services
presumed to comﬁete freely with each otherﬁ*‘ Price (under competition)
and quantity are the co-ordinates of the intersection B; in other
words, the competitive price level will be OA and quantities produced
and consumed equivalent to OC. .

Under the circumstances depicted by Figure 28, total benefits
resulting from the existence of the road, canal or bridge are equal to
the total area under the arc DB, i.e. equivalent to ODBC. The con-
sumers' surplus is the total benefit area (ODBC ) less the amount paid
. by consumers (the product of price and quantity, i.e. rectangle OCBA).

Hence the consumers' surplus is represented by the curvilinear tri-

angle ABD.

”eIt should be noted that there must be no opportunities for resale
of commodity or service units from one buyer to another.
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The producers! surplus is then equivalent to the excess of
money received by producers (area of rectangle OCBA) over the aggre-
gate of the marginal costs (curvilinear figure OCBS). Hence the -
producers' surplus 1s equal to the lower curvilinear triaqglé éﬁA.

P Se

The total net bepefit, representing the value to society of the ser-

vices rendered, is the sum of the consumers' and producers' surpluses
and is therefore equivalent to the large curvilinear triangle SBD.
Putting it another way, total net benefits are the difference between
the integral of the demand function and the integral, between the same
limits, of the marginal cost function. Dupuit shows that any deviation
from the output and price position depicted in Figure 28 entails net
social losses.

It can be seen at once that the theoretical apparatus used by
us in Chapter II and demonstrated in Figure 13 conforms very closely
to the Dupuilt approach, the main Aifference being that we assumed a
monopoly situation whereas Dupuit stipulated competition. Without
attempting now a detailed comparison and re-assessment of our model
in terms of the Dupuit theorem, let us see what other economists had
to say on his proposition.

Schumpeter points out(113) that Marshall elaborated on the
theorem without mentioning Dupuit's name and actually coined the terms
"consumers' surplus" or "consumers'! rent". Marshall states the con=-
cept in these general terms:

"... the price which a person pays forva thing can never exceed,
and seldom comes up to that which he would be willing to pay
rather than go without it: so that the satisfaction which he
gets from its purchase generally exceeds that which he gives
up in paying away its price; and he thus derives from the

purchase a surplus of satisfaction. The excess of the price
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which he would be willing to pay rather than go without the
thing, over that which he actually does pay, is the measure
of this surplus satisfaction. It may be called consumer's
surplus." (114)
Marshall then goes on to demonstrate the concept by using the example
of the purchase of tea for domestic consumption. Schumpeter remarks
that "™Marshall knew why he used t?%é; an example by which to display
it"(113), but we will come to this point when we consider the various
objections raised to the theorem.
After Marshall the concept received a varied reception.
Pigou accepts the consumers' surplus concept in principle, but
emphasizes the great difficulties which would arise from its‘appli-
cation in practice as a tool to measure increases or decreases in
what he called 'the national dividend’:
"Unfortunately, however, this type of measure is altogether
impracticable ... It involves the‘money figure that would
be obtained by adding together the consumers' surpluses,
as measured in money, derived from each several sort of
commodity contained in the dividend. As Marshall?‘ hasg
shown, however, the task of adding together consumers!
surpluses in this way, partly on account of the presence
of complementary and rival commodities, presents diffi-
culties which, even if they are capable of being overcome
in theory by means of elaborate mathematical formulae, are

certainly insuperable in practice."(ll5)

*‘Pigou here refers to Principles of Economics, pp. 131-132, foot=-
note, where Marshall points to the obstacles which are encountered
when the attempt is made to measure "aggregate utility" by adding
several or all consumers' surpluses derived from the consumption
of a number of commodities.
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Among the many other writers who dealt with the subject, J. R.
Hicks stands out, who comes to the following conclusion:

"But enough has been said to show that consumers' surplus is

not a mere economic plaything, a curiosum. It is the foundatlon

of an important branch of économics, a branch cultivated with

superb success by Mérshall, Edgeworth and Pigou, shockingly
neglected in the last twenty years, but urgéntly needing re-
construction on a broader basis. Beyond all doubt it is still
capable of much further development; if economists are to play

their part in shaping the canons of_economic policy fit for a

new age, they wlll have to build on the foundations of con-

éumers' surplus."(llé)

I. M. D, Little, while lauding Hicks' contribution, states on
the other hand:

"Our conclusion 1s that consumers' surplus is a totally use-

less theoretical toy."(117)

"One of its chief demerits is that it is the result of a

partial analysis only. It is assumed that, as a result of

the change, there will be no significant change of price

elsewhere."(lls)

Hotelling, in the article referred to before(llz), strongly
supports the Dupuit theorem; he is of the opinion that "... for
noderately small variations, with a stable price level and stable
conditions associated with commodities not in the group ...",(112)
Dupuit's measure of soclal net benefits 1s a most satisfactory one.
He concludes, with particular reference to a road or bridge:

"It is certainly a better criterion of social value than the

aggregateZpiqi of tolls that can be collected [under com=-
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petitive conditionijcx1various classes of traffic, as Dupuit
pointed out for the case of a single commodity or service.
The actual calculation of [éet social benefits| would b; ;.
matter of estimation of vehicular and pedestrian traffic ori-
ginating and terminating in particular zones, with a comparison
of distances by alternative routes in each case, and an eva-
luation of the savings in each case. Determination whether
to buildvthe bridge by calculation merely of the revenue
jzpiqi obtainable from tolls is always too conservative a
criterion. Such public works will frequently be of great
social value even though there is no possible system of
charging for their services that will meet the cost."(ll9)
Arising from Hotelling's first article(llz), a lengthy con-

(121) (123) p(120) (122) 4o 00

 troversy between him and Ragnar Frisc
loped, which is, however, not of direct interest to us since it
deals predominantly with the application of the Dupuit Theorem to
questions of taxation. Discussion on the consumers' surplus concept
has continued to the present day, but considering the limited scope
of this study probably enough has been said to indicate the general
trend of thinking.

What general cpnclusions, applicable to our particular
problem, can we draw from all this? Let us first briefly state the
main objections to the concept. Undoubtedly, it can be used as a tool
of partial analysls oniy. Dupuit clearly formulated his theorem in t;f“
terms of a single commodity or service; Marshall also recognized this
particular limitation and so did Pigou, Little, Hotelling and the
otheré. But the limitation, however important it may be in the

sphere of general welfare and utility measurement, does not really
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constitute an obstacle for us, since we are attempting a partial
analyslis of one particular service only -~ highway provision.

A second related objection is based on the fact that the
consumers' surplus concept cannot be applied to things such as foodfgﬁﬂr
general, since this presupposes that the marginal utility of in- |
come does not change when an individual (or society as a whole)
spends more and more money on additional service units which are
offered at ever decreasing prices. Marshall circumvented this
difficulty by using the example of tea, which obviously does not
form a large proportion of total expenditures. We could again
point out that we are dealing with one consumption good only and
that the inaccuracies introduced by income effects can therefore
safely be ignored. However, it is more relevant to emphasize
that we are concerned now with investment planning and that
- pricing problems in general, and the income effects of pricing
in particular, are completely outside the scope of our present
discussion.

Hotelling(llz) mentions the following additional objections:

(1) Pleasure is essentially non-measurable, therefore it
cannot be represented by consumers' surplus or by any other
numerical magnitude.

(i1 ) Consumers' surpluses arising from different commodities
are not independent and cannot be added to each other;

(111 ) The surpluses of different persons cannot be added.
Hotelling meets these three objections ~-- of which the third one is
especially relevant to our problem =-- by "ranking" satisfactions in
the way graphically represented by indifference curves. On a prac-

tical plane and referring to the example of a road or bridge he
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proposes, as we have seen before,(llg) a fully-fledged benefit
analysis, involving the assessment of savings to users in time,
distance travelled, operating costs, etc. This, of course, com-
pletely agreeé ;Jith our own approach.

In conclusion of this brief review of the theoretical
literature dealing with the consumers' surplus theorem, it should
be pointed out that most writers assume perfect competition. By
contrast -- due to the special nature of our problem -- a monopoly
situation was stipulated in our case. We are further not concerned
with problems of utility measurement and income distribution -- the
field the other writers are predominantly interested in -- but
rather with investment planning and soclal profitability calculations.

Enough has probably been said on the theoretical aspects of
bur highway investment approach to indicate that the analytical

oﬁjections which may be raised are not major ones. Undoubtedly dis-
cussion in this field will continue and further refinements will be

introduced. In the meantime the assessment of soclal benefits on a

differential basis appears to be the best method which is presently

avallable for highway investment planning.

How much further progress in this field can be made, will
obviously depend on the quality of practical estimation methods which
may, or may not, be evolved. For this very reason Little, for example,
prefers profitability to consumers' surplus as a criterion for the
social desirability of a proposed public enterprise investment or a
proposed price change: |

"In contrast to any so-called consumers'!-surplus criterion,

profitability really is a criterion. If the aim is profits,

and an enterprise is started with that in view, then we can,
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at least, tell whether its objectlive was achieved. Profit-
ability is easy to test, and it is possible to gain experilence
in profit estimation. There remains the fact that the ob-
Jective 1s not 'ideal'!, and also the fact that considerable

monopoly power may have to be wielded in order to obtain

the profit. This is not, in itself, an objection, because

one can also eshimate, and gain experience in estimating,

the profit or loss that would accrue as a result of making

the change and adopting a certain pricing policy."(124)

(underlining supplied)

Reverting to our own problem we find that we too are basically
concerned with the maximization of "social profitability" by means of
thevmost efficient allocation of resources for highway purposes, in
the same way as Little advocates profit maximlization as an objective
for public enterprises. He too visualizes the estimation of soclal
profits on the basis of what they would have been 1n a monopoly
position, just as we did in the course of our investment analysis.
Hehce our prime objective of "social surplus maximization® is identical
to Little'é objective of "soclal profitability maximization'.

Basically, whatever terminology is used and whatever theo=-
retical approaches are adopted, the same practical difficulties of
measuring contributions to social output or welfare eventually have
to be faced. Until rellable tools and measuring devices have been
developed wé will have to improvise and adjust ourselves to changing
circumstances as well as we can. This will put greater responsibi-
lities on the planner, the expert, the engineer, the civil servant

and the consultant. As Little put it:
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"The conclusion is clear. The best criterion for investment

decisions must, within very wide limits, be determined at
dynamic and administrative levels - and not at the level

of static welfare theory.(125)
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VII - PUBLIC ROADS - PRICING POLICY

In the last chapter the planning of investment in public roads
was discussed. We will now finally deal with highway pricing problems,
a subject which is fraught with controversy. A careful and systema£ic
approach is indicated; we shall therefore first examine our basic
premises and objectives.

Basic Premises and Objectives

In the preceding chapter we evolved economic analyses and
teéhniques which will enable a highway department, which has given
resources at its disposal, to achieve optimum highway investment,
priority and output solutions. Before we begin now to evolve optimum
pricing policies, let us first see how far the investment, priority
and output desiderata wé have set ourselves circumscribe our freedom
of action in this new sphere.

In connection with the overall allocation of funds for high-
way purpoées, we declded to treat the provision of public roads and
streets as one of a number of government functions. In particular,
we did not establish any fiscal or bookkeeping link between road
expenditures.on the one hand and road user revenues collected by
the government on the other hand. Subject to some other criteria
stiil,to be discussed, we therefore have almost complete freedom
to adopt any pricing policy which appears expedient as far as the
revenue-producing side of highway taxes 1s concerned. This initial
lack of fiscal encumbrances willl greatly facilitate clarity and
directness of our highway pricing analyses.

We saw first in the toll road model and subsequently in the

chapter on public highway investment planning, that optimum output
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for any one highway, or segment of the road plant, will be achieved
wheﬁ marginal costs of the last service unit rendered are equal to
the marginal revenues and hence to the price charged for the last
unit. For brevity's sake we shall in future refer to the "marginal
cost-pricing rule" which, when applied to extreme output valueé; dé-
termines the optimum quantities of services to be rendered. Our
marginal cost-pricing rule does not restrict us much as far as Phe
pricing of intermediate service units (those between zero output
and optimum output) are concerned. Here the maximum limit of
charges is determined by "what the traffic will bear". If our
price for highway services exceeds this ceiling, then traffic will
be lost and our carefully planned highway plant will be operating
below the optimum level of output. At the optimum output point

the "charges the traffic will bear" are, of course, identical to
margihal costs.

As far as the consumption-rationing side of highway pricing
is concerned, our charging policy thereforé has to adhere to two
rules. The first rule calls for the rationing of highway use to
optimum output by means of marginal cost-pricing of the last (or
extreme ) service unit. The second rule demands that no highway
service unit should be priced at more than "the traffic will bear",
Subject to these two prime rules, which apply simultaneously and
under all circumstances, we have freedom to set our highway prices
as we wish, since thus we will not interfere with the objectives
of investment planning and optimum output operation.

Extraneous Pricing Objectives
In addition to these simple rules and objectives, which

really form an integral part of optimum resource allocation for
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highway purposes, there are a host of other pricing objectives. Some
of them lead us far afield into political, legal, fiscal and == in
connection with the concept of "equity" -- pseudo-ethical spheres.
They are strictly extraneous objectives as far as our analysis is
concerned and we shall therefore subordinate them to the two prime
rules which we stated before. This does not mean that they may not
be useful and desirable objectives in their own right. However,

they should not be confused with the primary economic objectives.

In the following paragraphs some outstanding examples of
extfaneous objectives which can be encountered in the highway sphere
will be discussed. This will set the stage for a subsequent demon-
stration of the many different pricing policies a public highway
authority may conceivably adopt. '

Maximization of Government Revenue

Maximization of government revenues is probably the
‘simplest and most straightforward pricing objective a public
authority or a public enterprise can pursue. It amounts to "charging
what the public will bear" in the widest sense, with limitations set
by political and economic considerations. Imposts on road users and
qther highway beneficiaries are gimply treated as lucrative sources
of revenue for the government. Unless there are weighty political
considerations which dictate a more moderate course of action, the
upper limits of charges are identical to those found in & perfectly
discriminatory monopoly situation.
Competitive Neutrality

Sometimes the attempt is made to adjust the taxatioq systenm
in such a way that "competitive neutrality" between rival economic

activities prevails. In the field of transportation it is held,
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for example, that each agency "must pay its way" and that one form of
transportation must not "subsidize" the other. We shall later
examine questions of competition in transport in more detail; may 1t
‘suffice now to say that under the most frequently encountered workiﬂg
definition of "competitive neutrality" each individual user is
charged exactly according to coéts of providing the service =-- not
more and not less ~-- and fof the transport activity as a whole, re-
venues must exactly equal costs.
Encouragement of Maximum Use of a Public Service

In cases where the social benefits conferred by one particular
government activity are widely dispersed throughout the whole commu-
nity, where no one user or group of users is particularly favoured,
or where the provision of the service leads to very large external
economies, the service is sometimes rendered free in order to en=-
courage maximum use. Examples are the free provision by the state
of parks, playgrounds, ecucstion, libraries, art galleries and in
some cases =-- alas not in North America -- of broadcasting services.
The costs of these services are borne from general tax revenue,
ideally from income tax sources.
Equity of Pricing

Equity of pricing is an objective which is very frequently
pursued in the highway sphere; it is unfortunately also the one
obJective which is most difficult to define, since it involves
prineiples of Justice, ethical judgments, and social policy decision.
Just to illustrate the complex nature of the equity concept, it might
be noted in passing that one writer found it worthwhile to devote an
entire book to the study of fairness and equity in the fleld of

ptblic utility Operation.(126)
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In one sense a perfectly dissimilar charginé regime might
be regarded as achieving complete and universal equity, since every
u#er pays exactly the price of "what the service is worth to him".
Even soclal Justice 1s served since the poor man will pay little and'v
the rich man will pay a great deal.

This is, however, not the way in which "equity of taxation®
is most commonly. interpreted in discussions on highway pricing
matters. Sometimes charging on the basls of costs is regarded as
equitable, in which case the "competitive neutrality" requirement
1s also satisfied. Sometimes taxation equity is interpreted as
- implying equal charging for all service units regardless of costs.
Since the cost charging case is already covered under the "compe-
titive neutrality" objective, we shall use the second interpretation
of taxation equity for our subsequent discussion.

he ectives

Various othef taxatiqn objectives can be encountered in
practice. There is the public utility approach, mentioned a number
of fimes in this study, which calls for an overall balancing of
revenues and expenditures, but may leave freedom of charging for
ihdividual service units to the management of the enterprise. Some-
times subsidization of some users 1s prescribed for social or
political reasons. Yet another approach calls for the simulation
of private eﬁtérg;ise behaviour in similar circumstances. Finally,
‘there is pricing on the basis of benefits received; the last ob-
:Jective is sometimes interpreted as "equalization of charges for
all service units", sometimes as "charging what the traffic will

bear".
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Usually a number of these objectives are combined when
solutions to highway taxation problems are sought. Thus the First
Progress Report remarks with reference to experience in the United
States:

"Each Sﬁaté, wheﬁ confronted with the mounting need for
funds to modernize its highways, has found it necessary

to review its road-user tax structure from the double

standpoint of productivity and eguitx.“(127) (underlining

supplied)

In Canada, in the most recent investigation of highway
pricing problems, objectives of highway investment requirements,
of government revenue maximization, of equity, of charging
according to cost, and of equalization of charges for all service
units, were all simultaneously emphasized as desirable. The re-
levant recommendations of the investigation body, the Select
Committee on Toll Roads and Highway Financing, Province of Ontario,
read in part as follows: |

"The Committee recommends an acceleration of the preseht
highway programme and that the gasoline tax in Ontario be
increased to provide additional funds for the Province for
this purpose ... The Committee recommends that‘registration
fees for all types of vehicles be reviewed in order to
achieve greater equity in accordance with cost responsi=-
bility ... recommends that the government review the tax

rate per gallon levied on fuels other than gasoline with a

view to equating the tax contribution for vehicles of the

same size and weight ... recommends that licence fees be

adjusted to reflect weight of vehicles and distance travelled
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of various classes of vehicles ..

These introductory remarks and definitions will have shown
what a great variety of highway pricing policy objectives can be
pursued. Some of these objectives conflict with each other, others
can be reconciled. It is absolutely essential in any consideré%ion
of road user taxation problems that the policy objectives are
stated clearly; only in this way can appropriate solutions be
found.

Equipped with preliminary working definitions and bearing
in mind the two prime rules which satisfy optimum output require-
ments, we can now procéed to a demonstration of possible pricing
policies which could be adopted by a public highway authority.
Possible Pricing Policles of Highway Authority

The analytical apparatus and the diagrammatical techniques
employed in the subsequent section are the same as those used
throughout this study; they therefore require no special intro-
duction. Likewise, the concepts "costs" and "benefits" =-- unless
otherwise stated -- are to be interpreted as "social costs" and
"social benefits", as defined earlier. This means that "pricing
of highway services", or "charging for highway services" does not
only include the imposition of fees on direct road users, but also
covers taxation of other direct and indirect beneficiaries, such
as adjacent land owners.

We assume that the highway authority or other government
body responsible for the highway fﬁnction, has complete freedom
of charging in any fashion it desires for the services it provides
and that it is'only bound by the objectives it sets itself. We

shall judge the results of the various pricing policies entirely
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in the light of these objectives.

\Caset;: Simulation of Private Enterprise Behaviour - Monopoly

Possibility (a) - Digsimilar Charging  mc MR
& Price

This simply calls for "charging what C
the traffic will bear", following the
procedures of the toll road operator

in our model. Output is optimum OD, Ta

net revenue is ABC.

C?aahfﬁy

Q

D
Results and Objectives Achieved: Fig.29

Optimum output, maximization of government revenues, equity in

the sense that each user pays "what the service is worth to him".

Objectives Not Achieved:

Public utility requirements (since excessive profits are being
reaped ), competitive neutrality, charging on the basis of costs,

equalization of charges for all service units.

Case 1: Simulation of Private Enterprise Behaviour - Monopol

Possibilit b ) - Uniform Chargin

In this case the highway authority

C
will fix output and uniform price H G

in such a way that the area between 8
the marginal revenue and marginal
cost curves is maximized. Output

is sub-optimum OE, price is OCH, A

J
;
F '
|

net revenue is AFGH. 0 L
E D
Results and Objectives Achieved: Fig.30

Large -- although not maximum -- government revenues, equalization

of charges for all service units.
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Objectives Not Achieved:

Optimum output, public utility requirements, competitive neutrality,

charging on the basls of costs.

Case 2: Simulation of Private Enterprise Behaviour - Competition

Possibility (a ) - Optimum Output
This objective calls for a uniform

market price, determined by assu-

I
ming competition -- a highly
unrealistic working basis. Hence A
the pseudo-market price may co- 0

incide with the optimum level Fig.3l

DB = OI (Possibility 'a'), may be below optimumllevel (Possibility
'h! ), or may be above the optimum price level (Possibility 'c!).
Under Possibility (a) output is optimum OD, price OI and net revenue
IAB.

Results and Objectives Achieved:

Optimum output, moderate government revenues, equalization of charges
for all service units.

Objectives Not Achieved:
Public utility requirements, competitive neutrality, cost charging.

Possibility (b) - Price Level Too Low

Price set too low at, say,level OK. Output
is determined by intersection of assumed
market price with marginal revenue curve Lossu 8

fit
at point P; hence output is supra-optimum kK Profit, F P

77711/,
ON. There may be a net profit or a net V/ //

loss, depending on whether area KAF is A

- o o — — 4

greater or smaller than area FBEP. 0 E DN
Fig.32
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Results and Objectives Achieved:
Equal charges, subsidization of some users, encouragement of use of
public services.

Doubtful: size of government revenues, public utility requirements.

%

Objectives Not Achieved: -
Optimum output, competitive neutrality, charging on the_bﬁéis of costs.

Possibility (c) - Price Level Too High
Price set too high at, say, level CH.

Output determined by intersection of
agsumed market price with marginal
revenue curve at point G; hence output
is sub-optimum OE. Net revenue 1s AFGH.

Results may conceivably be similar to

those of Case 1(b) - non-discriminating

monopoly.

Results and Objectives Achievég:

Large government revenues, equalization of charges.

Objectives Not Achieved:

Optimum output, public utility requirements, competitive neutrality,

~charging on the basis of costs.

Case -3: Public Utility Approach - Equal Charging
Possibili a) - Increasin ﬂhr ingl Costs »
This public utility approach calls for a
balancing of revenues and expenditures.
This concept of "reasonable profits" per-
mitted to be made by the public utility,
is merely a modificatlion and requires no - Profit = Loss—
special explanations. Price will be set ¢
in such a way that profits AKF earned on‘

service units OE are exactly balanced by
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losses FPM sustained through provision of "unremunerative services" EN.,

Results and Objectives Achleved:

Public utility requirements, equalization of charges, encouragement

of use of public services beyond output 0D, subsidization of (pfé?

sumably deserving) users of output quantities EN.

Objectives Not Achieved:

Optimum output, maximization of government revenues, cost charging,

competitive neutrality.

Pogsibilit b ) =« Decreasing Marginal Costs

The requirement of equal charging, e
coupled with decreasing marginal

costs in the critical output range, A
leads to sub-optimum output CE. It

is a case which has received éon- K

siderable attention in the theo-

retical literature. Revenues

I:

balance expenditures, with losses

AFK cancelled out by profits FPM.

Results and Objectives Achleved:

Publie utility requirements, equalization of charges, subsidization

of some users.

Objectives Not Achieved:

Optimum output, maximization of government revenues, cost charging,

competitive neutrality.
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Case 4¢ Public Utility Approach - Differential Charging
Possibility (a) - Optimum Output (:

The most logical way to achieve
both optimum output and a balan-
cing of revenues and expenditures

is by charging exactly according

to marginal costs. The so-called

A

o D
poses this approach. Fig.36

Results and Objectives Achieved:
Optimum output, public utility requirements, charging according

"incremental cost method" pro-

to costs, competitive neutrality.

Objectives Not Achieved:

Maximization of government revenues, equalization of charges.

Possibility (b) - Maximum Output

The two objectives of maximum output
(i.e. serving all users however

small a charge they can pay) and
balancing of revenues and expendi-
tures can be achieved in a number H

of ways. An "equlty" notion is

introduced here by fixing charges A

"in proportion to benefits receivedh

(i.e. in proportion to "what the traffic

Ft'g. 37

will bear" ).
Solution: Determine the proportiohate'relationship of magnitude
of total revenues which could be collected under a perfectly

dissimilar charging regime (i.e. size of area OCBL) to total
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costs incurre” when providing maximum output OL (i.e. size of area
OAFBML). Let us assume that the ratio of total costs to total
revenues is 4 to 5. Now fix all charges af four~fifths of the
theoretically possible maximum level; this procedure provides the
actual price curve HFL, Output is maximum OL, total revenues
OHFL are equal to total costs OAFBML, profits HAF on service
units OE exactly balance losses FLM on service units EL; users
of service units EL are subsldized.
Results and Objectives Achieved:
Maximum output, public utility requirements, subsidization of
users (i.e. encouragement of maximum use of a public serviceL
charging in proportion to benefits received, charging in pro-
portion to "what the traffic will bear".
Objectives Not Achieved:
Optimum output, charging on the basis of costs, competitive
neutrality, maximization of government revenues.
Some Observations on Pricing Pogsibilitiesg

What conclusions can be drawn from the foregoing demon-
stration of the various possibilities for pricing policies? In
the first place there seems to be a great variety of choice for
the public authority. It should be emphasized in this connection
that additional models and combinations of objectives could, of
course, be readily devised. Secondly, even if the public
authority conforms with the prime rules established earlier, in
order to satisfy investment and output requirements, optimum
output can be achieved in three different ways. Case l(a)

(Figure 29), as well as Case 2(a) (Figure 31) and Case 4(a)
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(Figure 36) are equally satisfactory from that point of view.

In order to arrive at a definite solution, the three possible
cases have to be judged in the light of other criteria. Case 1(a)
ylelds maximum government revenues and might therefore be pre-
ferred for fiscal reasons, provided there is not too much political
resistance to an all-out "“charge what the public will bear" regime.
It appears that this is the prevailing situation in the United
Kingdom, where road transport is an extraordinarily lucrative
source of government revenues; yet road users in Great Britain --
and this is just a very general observation not based on detailed
study of conditions prevailing in that country -- appear to objectl
more to the crass inefficiencies of the road plant and the obvious
underinvestment in highways, than to the high level of motor fuel
taxes and license fees.

Case 2(a) does not seem a practicable possibility, since
it would be a great coincidence indeed if the pseudo-market price
happened to be set at exactly the right level. How would a
public authority, in practice, determine what the price level
would have been if there had been several competing providers of
highway services? We know that there will never be a number of
competing toll roads linking two towns, just as there will never
be different electric circuits, water systems and telephone
connections in one house, installed by competing companies.

Hence it will be better if we realistically base our policies
on the assumption of monopoly, rather than on the nebulous com-
petitive ideal.

Case 4(a), finally, appears to meet more objectives of

public pricing policy than any other solution. It is also the
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approach which is most frequently advocated in the United States.
It is known as the "incremental cost method" and will be examined
as such later in the chaptér.

Benefit Charging, Value of Service, Average Cost Pricing

Very briefly some other pricing methods should be mentioned
which occasionally come up in discussion. "Charging according to
benefits received" 1s probably the best known of these. Unfor-
tunately, the advocates of this approach frequently do not explain
what they mean by "benefits". Are benefits to be assessed in
accordance with utility measurements or a hedonistic calculus?
Will the luxury-car owner pay more than the driverof an old farm
truck? Does a truck load of timber accommodated on the highway
represent greater highway benefits than a bus filled with sight-
geers? Does the rich man recei#e greater benefits from highway
use than the poor man and hence pay higher charges, or does it
work the other way? Can benefits conferred when a vehicle travels
on a poor gravel road be compared to those of travel by the same
vehicle on a modern expressway?

Obviously, as sconomic theory tells us and common sense
confirms, no satisfactory answers can be given to these questions.
Utility, or benefits, cannot be measured directly as a sort of
psychic or physical reality, independent of external observations.
If, however, we assess benefits by the most convenient observable
effect -- namely by the amount of money users are prepared to give
up in order to avail themselves of these benefits =-- then we are
back to a perfectly dissimilar charging regime and Case 1(a)

(Figure 29) applies without any modifications.
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Occasionally the proposition is put forwsrd that benefits
are proportionate to the number of service units received by indi-
vidual users. Highway services, under this approach, are supposed
to be homogeneous benefit units as measured by ton-miles, vehicle-~
miles, passenger-miles, axle-miles etc., and would be sold by the
highway authority at a standard price, in much the same way as
loaves of bread are sold by the baker. All the objections raised
to "homogeneity of service units" in Chapter III apply, of course,
to this proposition. Proportionality of benefits to service units
by itself does not provide any guidance for the fixing of the
actual (uniform) price level; therefore this version of the
"benefit approach 1s usually coupled with some other objective,
such as "expenditures must equal revenues". Depending on the
circumstances, the cases illustrated by%Figures 30 to 35 apply.
Rather surprisingly, the benefit method of pricing is sometimes
confused with a pure cost approach. .

Charging on the basis ;f the "value of the service" is
also encountered in the field of transportation. It is a term
which dates back to the earlier days of the railways and was
really used as a substituté phrase for "charging what the
traffic will bear". It was and is regarded as the more expe-
dient term, since itldoes not carry the same strong suggestion
of discriminatory monopoly pricing. Complex railway rate
tariffs and pseudo-scientific rate theoriles have been built
around the "value of service! principle, with goods commanding
high wholesale or retail prices being charged higher railway
tariffs than less highly priced mérchaqdises in otherwise

identical circumstances. Charging on the basis of the value
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of the service can be likened to benefit charging; it is covered
by our Case 1l(a).

Finally, charging on the basis of average total costs is
occasionally suggested. Case 3(a) (Figure 34) and Case 3(b)
(Figure 35) illustrate average cost pricing. In neither case will
optimum output be achieved by average cost pricing. Depending
on the configuration of the marginal cost curve, excessive use
of the highway plant (i.e. congestion) will be encouraged when
marginal costs are above average total costs (Figure 34); optimum
use of the highway plant will be discouraged when marginal costs
are below average total costs (Figure 35).

The Public Service Approach

Taking an entirely different approach, we might also ask:
why have any specific pricing and taxation policies for highways
at all? Could we not regard the provision of highways as a
public service, to be rendered free to all, and dispense with
road user taxes and imposts on other beneficlaries altogether?
This approach might very easily be justified in cases where it
is important to encourage road transport for ~Aevelopment reasons
or where the benefits conferred by roads and streets are widely
and uniformly distributed throughout the entire economy. There
exists no rationale -- apart from revenue collection considera-
tions ~- for specific highway pricing policies and imposts in
countries where all citizens are pedestrians and nobody owns a
vehicle, or alternatively in countries where gll persons are
owners of automobiles.

The Firgt Progress Report considers the public service
approach in the followlng way:
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"The proposition that there should be no road-user taxes,
as such, is worth examining, at least as a point of de-
parture. Considered by itself, general tax support of
highways might not be inherently unjust, even under
modern conditions. The use of the automobile is almost
universal, except in large cities. As for commercial
vehicles, frelght trucks and combinations distribute
and deliver the food, clothing, building material,
household goods, and general merchandise of the Nation.
The benefits and savings their operators derive from
highway improvements are distributed in large part to
their customers; for if this were not so their business
would not increase. The same is true of buses within
their more limited sphere of operation. Thus the pro-
vision, out of general revenues, of roads adequate to
support the heavier weights of commercial vehicles
would not of itself, in the absence of competitive con-
ditions, severely violate principles of equity."(lzg)

In terms of our diagrammatical representation, the public service
approach would lead to maximum output OL (see Figure 37), with
almost all bepefits presumed to be social benefits and social costs
presumed to be very small. There would be no government revenues
accruing from the highway function and no "rationiné" of highway
services by means of user imposts and other levies would take
place.

Our discussion throughout has emphagized the many possibi-
lities which exist for pricing policies. The various choices which
confront a public highway authority have by no means all been
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\
described, but the ones dealt with in this chapter may serve as

\
representative cases. There can be no conclusion that one approach

is %right" in all situations and that another method has only de~

fec_{s and no merits. All the economlst can do is to point out the
| .

various ways in which different policy objectives can be achieved

nost efficiently.

|
Comgetitive Neutrality in Transportation

By contrast to the last-mentioned "public service" concept,

which would dispense with road user taxes altogether, advocates of
|

the @competitive neutrality" approach to transportation problems
relylheavily on highway user imposts as a means of achieving their

part#cular objectives.

|
|
cover exhaustively so vast a field as competition in transport,
\
but a greatly simplified summary of the main aims of competitive

What are these objectives? No attempt can be made here to

neutﬁality will be sufficient for the purposes of our study. The
diff%rent transport media -~ prﬁines, water, air, rail and road
transport -- are seen as competing with each other over a wide
range;of their services. Assuming users' free choice among these
compe%ing services, the best distribution of traffic, at the oﬁti-
mum ahd most preferred combination of costs and quality, will be
achieved when all services are rendered at true economic eost.

If this is so, then the amount of money any user gives up to buy
- a traésport service unit, will be equal to the costs of rendering
that éarticular service. Since this rule applies to all trans-~
port dgencies and all service units, the most preferred output
combination will be produced at minimum cost to the community as

\
a whole.
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If, however, so the argument goes, some services are sold
at legs than true economic costs, then the consumption of these
services will be artifically expanded, traffic will be diverted
from another transport medium which could have performed the ser-
vice more efficiently to the less efficient medium, the optimum
competitive pattern is Aistorted and total transport costs
needlessly increased. If only all forms of transportationﬂhad
.to cover their full costs of operation -- so the advocates of the
"competitive neutrality" aspproach say -- and if only every single
service unit were sold at cost, then the total national trans-
portation task would be performed most efficiently and at minimum
cost. OState subsidization of one carrier to the detriment of his
competitors, sales of service units at less than cost to some
users, whilst other users are charged more than costs =~ all
these imperfections distort the competitive neutrality ideal.

At the present time this general argument has been
applied with great vigour to competition for long-distance
freight haulage between the railways and the trucks. It ié
claimed that heavy commercial vehicles enjoy public highway ser-
vices which are being provided freé, or at least well below cost,
whereas the railway companies have to pay for the operation and
maintepance of their tracks out of their own pockets. Hence
long-distance truck traffic is artificially expanded and long-
distance rail traffic suffers a competitive disadvantage.

Analytically it should be noted that the competitive
neutrality approach calls for two things: (i) balancing of
revenues and expenditures by each form of transportation and by

each carrier; (ii) charging to each individual user in accordance
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with costs. Objeéﬁiye (1) is, of course, in line with the faanilisr
public utilityléims, but objective (ii) neceséitates éhe vricing
policy illustrated by Case 4(a) (Figure 36).; To re-state the J
rail-versus-road argument in practical terms: it is not enoﬁgh

if road users as a whole pay Tully for highway coéts, since (say)
passenger cars may still be "subsidizing® heavy commercial vehicles;
therefore also each vehicle aroup, and ultimately each individual

vehicle, must pay its apnropriate share of highway costs.

The two objectives are stressed in the Preliminary Report

~of the Royal Commission on Canafa's aZconomic Prospects:

"In 1953, provincial government revenues from gasoline
taxes and licence fees smounted to 897 of the expenditures
on hijhways by provincial governments in that year. But
these revenues amounted to only 54% of the total expendi-
tures by federal, provincial Fnd municipal governments on
highways, rural roarz and urban streets. Highway con-
struction expenditures have continued to increase since
1953 and the expectations are that this trend will con-
tinue. As these expenditures are related in very large
measure to the numbers, thé speeds and the weights of
the vehicles in operation, we suggest that the owners of
these vehicles should be required to pay an even higher
percentage of the total costs involved than they are
Aoing at the present time.

In this connection it should be emphasize? that a sub-
stantial proportion of the increased costs is necessi-

tated by the heavier construction of highways and bridges

which is now required tc accomaodate the heavier classes
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of trucks. It is important, therefore, that stuties be
made to determine the taxes an? licence fees which the
owners of passenger vehicles an? the operators of
different classes of ccummercial vehicles should be charged
respectively, having regard to the proportion of total
costs which shoul?d reasonably be allocated to each of
them. If the owners of wvehicles in any category are
paying less than their appropriate share, the owners of

other vehicles may be paying more than their fair share.

And if trucks in the heavier classes are being under-

. . . .\
charged, this gives them a competitive advantage vis-a~-

vis the railways st a time when public subsidizing of

railway revenues may be fast approaching. Quite ob-
viously a situation of this kind mskes little sense

in terms of the most efficient use of our national re-

sources."(lzg) (underlining supplied)
It should be noted in passing that there is an inconsistency in
the penultimate sentence of the quotation from the Preliminary
Report. If it is not in the interest of "the most efficient use
of our national resources™ to give trucks a competitive advantage
vis-a-vis the railways by having them subsidized =-- via low road
user taxes =-- by other vehicle categories, then it should be
equaily undesirable to give the railways a competitive advantage
over the trucks by subsidizing them from the public purse.

This theme cannot be fully developed here; in any case a
full discussion of the problems raised by the Gor-~on Commission

in its Preliminary Report should be postponed until the final

document and the special report on transportation become availsble.
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The whole issue of competitlorn in transport could provicfe a most
fascinating subject for prolonged research, but this would be far S
beyond the limited scope of the present study. However, in order
to get the relevant problems into persvective, an attempt will be
made to enumerate briefly, with refererce to Canadian conditions,
the requirements for the cchicvament of true compebitive neubra-
lity.

Car. Sompetitive Neutrality Be Lccomplished?

To deman” that all transport agencies should currently pay
their own way and that all users should currently be charged on
the basis of costs, is to pick out but two of 2 number of require-
nents for the achievement c¢f true competitive neutrality. To
build up the theoretically ileal basls, we have to satisfy our-
selves that (1) there is equality of promotion in transportation
and (i1) there is neutrality of past and current policies of
taxation, pricing, mansgement, supervision, regulation, statutory
obligations etc. affecting the various sgencies.

The first step towazrds the desired aim would be to place
all transport agencles and activities under gne supreme co-ordinating
body. In Carada this would mean that highway transport anc¢ the pro-

vision of roads and streets -~ at present provincisl and municipsl

Iext, stock wouls have to be taken of existing assets used
by transportation asgencies. There are three possibilities. 4 gtrici
accounting approach woul? call for a historical investigation into
past investment in transport facilities; government ai? subsidies,

land grarts etc. would be debited to cach agency, the repayment of

debts, the rendering -- in the public interest -- of services at
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less than cost ete. woul? be credited. The remaining debt -- if an

ki 3

<

plus interest charges accumulated over the years, would be chaggﬁf‘ia

vt T
"

some fashion to present and future users of each transportation
agency. Thus motorists would have to pay for the "highway debt® in-
curred over the years (i.e. excess of government road expenditures
over revenues collected from users, plus interest on unaemortized
portions)*&in fora of higher current and future highway user imposts.
Similarly, users of the services of the Canadian National Rallways
and Canadian Pacific Reilways would be charged for the economic
debts incurred in the past Ly these companies through the acceptance
of land grante, mineral rights, subsidies etc. O0f course, the same
procedure would also have to bz applied to airport users, shipping
and userc of pipelines.

Since this historical accounting approach nmay prove too
cunbersome, an alternative would be to assess the current capital
-value of all transportation assets; the value would be based on the
net revenue generating capacity of, for example, the highway et
work, the railway plant, canals and so on. Since this method too
night prove rather complicated,as a last resort all by-gones could
be declared by-gones. Thus there would be no.highway debt, no rail-
way debt and all forms of transportation, as of a certain date, would

stert with a clean slate. Zven the Canadian Pacific Railwayg would

¥ Such a calculation of highway debts was actually atempte” for the
period 1889-1957 by the Select Committee on Toll Roads an” High-
way Financing, Province of Ontario. 130) The so-called "highway
deficit" came to exactly 211,593,000, DNo explanction was pro-
vided why road expenditures prior to the appearance of the first
automobile in Ontzrio in 1901 should bé chsrged to today's gene-
ration of motor vehicle owners. There was also no ‘estimate of
the present capital value of the existing highway plant in
Ontario, an item which might well amount to several billions of
dollars.
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be relieved of their obligations to the holders of debentures and
shares, since otherwise they would suffer a competitive disad-
vantage in that respect. .

With the problem of existing assets put out of the way, the
organizational structures of all transport agencies would have to
be purged of non-transport elements. This would be vital, in the
interest of pure and perfect competitive neutrality, because other-
wise there might be cross subsidization of different economic
activities. Thus the railways would have to divest themselveé of’
their interests in hotels, telegraph services, steamships etc.;
the Canadian Pacific Railwayf would have to sever their links
with Consolidated Mining and Smelting Co., and other industrial
interests, truckers would have to give up operating freezing
plants and warehousing.

Next, a federal watch-dog agency would be appointed which =--
equipped with all information -- would see to it that each and every
. user of transport paid charges fixed in accorcfance with costs, not
moré and not less. The Royal Commission mentioned in its Preliminsry
329923}129) that heavy commercial vehicles should be charged appro-
priate shares of highway costs. If we rid ourselves of the notion
that there is something special about highways because of the divided
ownership of track and vehicles, it is easy to see that now every
train, every railway consignment, must also pay its appropriate
‘share of track, terminal and all other costs. If this is not done
then our entire plan, designed to accomplish a perfectly neutral,
competitive situation, would be imperilled since one itrain, one

segment of the railway network might be subsldizing another.
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We now would have to devlse some rules for new government.
investment. Obviously, if users of the St. Lawrence Seaway are ﬁ
charged tolls which will permit the writing-off of the capiteal
investment over fifty years, and users of alrports or highways are

1

required to write off these facilities within (say) twenty yesrs,
then the Seaway users enjoy » competitive a“vantage. But how
woul® one account for “ifferent degrces of physical “ursbility
of assets created by government investment? Obviously some very
difficult problems would have to be sclved before competitive
neutrality in that respect could be achieved.

finally, a whole mass of economic policy, regulatory and
fiscal details would have to be cleared up. For exanple, sales
and excise tsxes levied on one tyve of transport equipment (say
automotive accessories) would also have to be levied on, for
exanple, aircraft parts. Lsbour legislation, safety provisions
and other regulations would have to be adjusted to ensure equal
treatment for all transport media. There should also be no
state-financed research which favours one mode of transportation.
The State would further have to refrain from influencing the
current operation of transport enterprises one way or another;
for instance, there shoul? be no compulsion for any one agency
to do thirgs in the "national interest" -~ a euphemistic phrase
used to compel enterprises to render services which are clearly
unremunerative on ordinary commercial grounds; on the other hand
the State must not favour one transport medium with lucrative con-
tracts, such as the carriage of mail at high rates, or the con-
veyance of defence materials, 1f other meslia are not offered equal

chances.
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Even if all these truly tremendous practical obstacles to
the achievement of competitive neutrality coulf be removed, some
‘major economic problemsvwould still have to be solved. In trans-
portation there does not exist just one single market in which all
media compete; on the contrary, transportation services are rendered
in a multitude of in?ividual markets, some competitive, some mono-
polistic in nature; there are markets which exist reglonally and
also markets which have grown up around a specialized service. As
we had occasion to point out several times before, there is no such
a thing as a "homogeneous unit of transport service'. If this is
so, how can competitive neutralify ever be achieved, when each
carrier, each medium, is confronted with different market charac-
teristics, different elasticities of demand for the particular
services rendered and different degrees of monopoly?

We must draw the inevitable conclusion from our preceding
discussion that there is no reason to believe that pure and perfect
competitive neutrality can, in practice, be achieved in the realm
of transportation. There may be some countries in the world where
conditions are favourable for the implementation of appropriate
policies, but Canada is certéinly not one of them. An actively
pursued public transportation policy has always been one of the
most important features of Canacdian history. Without it the
country, as it is today, woul” not exist. The economist is con-
fronted by a historical legacy of complex relationships, by a most
intricate pattern of regulation, subsidization, help and hindrance,
which it is impossible to disentangle since the whole economy, the
distribution of population and the location of industry has grown

up around it. It can only be accepted as given.
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The Incremental Cost Method

The foregoing discussion may have removed much of the in-
centive to pursue highway pricing policies aimed at the achievement
'éof competitive neutrality. This removes one of the most important
policy objectives mentioned earlier and thus further widens the
cholce of pricing approaches which could concelvably be pursued
by a highway authority.

Despite the fact that different conditions and policy re-
quirements may call for entirely different approaches, it is
important, from the point of view of our analysis, to test at
least one pricing approach in the light of conditions encountered
in the real world. In this way we can bring our analysis to a
logical conclusion.

For the purpose we shall choose the incremental cost
method. There are several reasons for subjecting this particular
pricing technique to detailed scrutiny. In the first place we saw
before (see Case 4(a) - Figure 36) that the incremental method
achieves more policy objectives than any other technique; in
particular, it satisfies our prime rule which calls for the
attainment of optimum 6utput and it even conforms to the require-
ments of competitive neutrality; from the point of view of road
users it is probably the most favourable of all approaches, except
for the public service method, since all sufplus accruing from the
provision of highways 1s passed on as a "consumers' surplus".

Secondly, the incremental cost method has received much
favourable attention in the United States; elaborate and extremely
costly road tests, such as the AASHO,(131) are being conducted in

‘order to obtain empirically the necessary cost data. Adoption of
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the incremental method in Canada has been advocated on several
occasions. Hence, a brief discussion of the problems posed by this
pricing concept may be of toplcal interest.

At the outset two points should be made clear. Firstly,
the incremental cost concept constitutes a theoretical pricing
policy and should not be confused with an actual technique of col-
lecting imposts from road users; the latter is a practical problem
which will be dealt with after the incremental cost concept itself
has been explained. Secondly, we shall only discuss very briefly
the most important features of the concept, since the subject has
been exceptionally well covered by other writers.’t

Some specifically Canadian viewpoints may be of interest.
Gordon D. Campbell, who is the Engineer-Observer of the Canadian
Good Roads Association on the AASHO Test Road Project, generally
accepts the incremental cost method, but recommends that develop-
ment roads be financed from general fiscal funds.(132) The

Canadian Tax Foundation in its Taxes and Traffic(133)

drawg
attention to the incremental cost theory as one of several solutions
and points to the practical obstacles which stand in the way of its
implementation. |

The Canadian Trucking Associations, in a major paper on
questions of highway finance(IBA), generally accept the pure cost spproach
to road user taxatlon, but stress the lmmense practical difficulties
which make it questionable whether true costs can be assigned to

B

vehicle categories, let alone indivicdual vehicles. The Automotive
(135)

Transport Association of Ontario concurs with these views of

*ee the appended bibliography on the incremental cost method.
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the Canadian Trucking Associations; both organizations favour the
so=-called "cost function analysis" which consists of a breakdown
of highway costs, by means of an accounting analysis of existing
records, into items assignable to all vehicles, to heavy vehicles
exclusively and to the public highway function generally.

William G, Scott, as spokesman for the railway industry
in Canada,(136) stresses the competitive aspects of highway
finance and proposes either a cost approach (incremental cost
method) or a benefit solution (gross ton-mile concept). The latter
is covered by our Case 2 (Figures 31 to 33).

What, then, is the incremental cost method? Baslcally
it attempts to assign to each vehicle the costs occasioned by
it. No objections can be raised against thls very fundamental
principle. However, doubts must be felt when the subsequent
methodological steps are taken.

The incremental method usually defines a "basic" road as
one which would be adequate to accommodate the "basic" vehicle,
normally a passenger car. Sometimes, the basic road is taken to
represent the highway standar”® which exlsted before the motor
vehicle age. In any case, all vehicles are supposed to share in
some proportion the costs of this basic road. The ad*itional
costs of providing and maintaining successively'enlarged and
improved facilities are then shared by the heavier and larger
vehicles to which these costs can be attributed. Thus the
heaviest and largest vehicle would be responsible for part of the
costs of the basic road, 1t would share to some extent in the
costs of all successive increments for medium-sized vehicles
and it would finally be responsible for the entire cost of the

last "cost step", if it alone requires it.
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In this way, the incremental cost method faces the well-known
problems of the assignment of joint costs. Are the costs of the
basic road and of all successive joint cost "speps" to be distri-
buted ﬁith reference to mileége travelled or benefits received?
Some arbitrary decisions obviously have to be made. In this con-
nection Winch points to a serious defect of the incremental method,
under thé valid assumption that the "basic" road of the pre-motor
vehicle age is a cost responsibility of the community:

"Instead of arguing that the community should pay what
highways would cost them in the absence of moéor vehicles
and motor vehicles the rest, we could argue that motor
veh;cles should pay what it would cost them for a road
system not used by the community and the community the
rest. The incremental half of each of these arguments
is valid but the allocation of joint costs entirely to
the other group 1s not.

Highway costs canythe£efore be divided into three cate-

gories: those incurred entirely for the benefit of

motor vehicles which should be borne by motor vehicle

users; those incurred entirely for the benefit of the

comnmunity, which should be‘borne by the community; and
those which are joint costs and yield benefits to both.

The incremental cost principle applies to the first two

types and is valid. It does not épply to the joint costs

and gives no guidance how this group, which is normally
the largest, should be divided.n(137)

Many other unsatisfactory features of the incremental method

could be cited. How can, for example, the costs of the conversion
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of a road from two to four lanes be allocated to any one class of
vehicles? Or, how can costs of administration, of safety features
and of road expenditures incurred for aesthetic purposes be dis-
tributed rationally between, say, passenger vehicles, commercial
vehicles and the community as a whole?

Drawing on the analyses pursued in this study, all the
complications illustrated by means of the three-dimensional Aiagram
technique apply, of course, fully. The cost problem posed by a
vehicle of a certain weight, (or desiring to inflict a certain
number of load applications per period of time on the highway),
and travelling at a certain time in a certain directlion =-- thus
causing certain traffic volume costs -~ simply cannot be handled by
the incremental cost method or by any other pricing technique cur-
rently advocated.

On a very practical plane of discussion we might expect
that the railways, which after all have fewer variables and fewer
complications to contend with in their costing problems, would lead
the way in uncovering the secrets of cost allocation and rational
pricing. There 1s no evidence that this is soj; on the contrary,
it appears from a recent judgment of the Board of Transport Com-
missionefs that the Canadian National Railways are unable to supply
cost figures pertaining to thelr operations:

"The Canadian National stated that it was unable to supply
any figures of the all-inclusive cost of operations, be-
cause so many arblirary assumptions as to the application
of the overhead costs would have to be made that it would

be impossible to arrive at a fixed conclusion in the matteru'(138)
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If the railways, which are not plagued by such highway
problems as divided ownership of track and vehicle, heterogeneous
traffic use, and community share in road costs, have not been
able to perfect thelr costing methods to any significant degree,
then it 1is obvlously unreasonable to expect great advances in this
respect in the highway sphere.

We might finally ask ourselves whether it is really important
to determine precisely and accurately the costs of providing highway
services for each individual motor vehicle or vehicle category. We
saw before that we had no particular stake in the "charging according
to costs" approach, since the optimum output can also be achileved by
other means, for instance by perfectly dissimilar pricing. One of
the most important propositions this study attempted to establish
was the crucial role of pricing accorfing to marglnal costs at the
critical (or extreme) values. Apart from this one point in the
cost universe we are not particularly interested ~- as far as invest~
ment, priority énd output planning are concerned =-- in cost data for
the intermediate ranges.

Even if "competitive neutrality" was a cause espoused by us,
there are good reasons to believe that the significance of charging
on the basis of costs is not very great. In the first place, com-
petitive agencies -- as the quotation from the jusgment of the Board
of Transport Commissioners shows =-- may also not be aware of their
cost structure, or may not wlsh to charge according to costs.
Secondly, once we deduct the community share of highway costs, the
range of possible inaccuracles of cost shares assignable to vehicles
shrinks abcordingly. Thirdly, there are all the difficulties of

matching the theoretically perfect pricing policy -- if it exists --
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by the perfect user charge collectiqn.system. The problems asso-
ciated with the last point willlbe discussed in the next section.
User Charge Collection Problems

What do we expect of a good user charge collection system?
Firstly, we want to keep the costs of the "social transfer® of
cléims on resources from the taxpayer to the government at the
absolute minimun. This means that the administrative‘costs of
collection, bookkeeping and enforcement of the system we choose
" must be low. Secondly, we desire that the tax collection systeh
fulfil the particular functions set by our pricing objectives; if
our objective is maximization of government revenues, then our
collection system must be capable of producing these large revenues;
if we charge on the basis of costs, then the system must be smoothly
adjustable to the particular cost data provided; finally, the col-
lection system must be capable of rationing consumption to optimum
output, since this is our prime objective.

What pricing tools afe avallable? In Canada motor fuel
taxes and special fees, norm%lly assoclated with the licensing of
the vehicle and increasing with its size and welght, are use’ in
all ten pro%inces. In sonme 6f the United States so-called "weight~
distance taxes" are in voguej these are imposts on mileage travelled
which vary with the weight of the vehicle. Sometimes special taxes
on automotive equipment, for example tires, are rated as road user
taxes. There can also be toll collections at bridges, tunnels or
at highway toll gates. Finally, in acéordance wilth our wider inter-
pretation of benefits conferred by highway provision a variety of
financial tools can be employed to collect revenues. Taxes on

benefiting land can be imposed; alternatively land can be bought
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I
by thel highway authority prior to the construction of the facility
1
and thén be disposed of later at a profit. Enterprises connected
!
with the highway function, such as gasoline stations, roadside
|

reStau#ants, motels etc., can be charged special fees or fran-
\ N
chises ican be sold to them.

: Let us now see how the various pricing tools which are

availaU}e perform their functions. The motor fuel tax and the

|
vehicle license are extremely good revenue prorucers and the

!
costs ot collection and a“ministration are very low. The vehicle
licensing system is extremely efficient as a tool of rationing
consump%ion of highway services to the optimum values of weight
servicey if we think of it in terms of maximum vehicle weight
permitt%d on the road; it is not suitable for the rctioning of
the number of load applicotions per unit of time, if that is
our criﬂerion of welght service.

Neither the motor fuel tax nor the licensing system
can ratibn the consumption of highway services to the optimum
traffic &olume values. It would be difficult to introduce the
necessar& "time" dimension, unless one licensed vehicles for
travel aﬁ certain hours of the day or days of the week; pro-
bably a &ése could be made for licensing commerclal vehiclesg,
at eSpecﬁally low off=-peak rates, for night travel only. Toll
charges ﬂmposed during peak traffic hours to prevent congestion
might be bossible. Winch suggests such a system at strategic
spots, foF instance, at bridges, tunnels etc., which would have
a beneficial effect on the distribution of traffic flow over

I

time with#n a certain area of influence.

!
In a way the motor fuel tax incorporates an automatic
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traffic volume rationing device, since fuel consumption and hence
tax payments increase under congested traffic conditions. However,
the addlitional fuel tax charges are very small compared to the
marginal social costs imposed by the presence of one more vehicle
on a congested road or street. Hence there is a social loss caused
by the failure of the user charge collectlion system effectively to
reduce demand for road services to the optimum level. Apart from
building road facilities to peak traffic requirements -- if by
doing so a net gain of social benefits is obtained -- and apart
Afrom adopting Winch's scheme of imposing special rush~hour tolls, -
there seems to be little that could be done to remedy the situation.

Welght-distance taxes are generally poor revenue producers
and the costs of administering and enforcing them are relatively
high. Since the authorities are largely forced to rely on
mileage records submitted by the operators -- who are also the
taxpayers -- the incentive for evasion is great. Welght-distance
taxes may perform a useful function by rationing the number of
load applications per unit of time, but they are useless as
traffic volume rationing devices; in fact it 1s very difficult
to think of many good reasons why they should be used at éll by
public highway authorities.

Toll charges suffer from high collection costs and from
the very restricted séope of their application; the reasons for
this were discussed at the conclusion of our toll road model
analysis. In Canada sales taxes on automotive equipment are
generally not regarded as belonging to the category of road user

charges.’R

[4

*‘Certain sales taxes on automotive equipment now form part of
the federal highway financing programme in the United States.
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It 1s suggested that great scope exists in the sphere of
land taxes, land sales and taxatlon of subsidlary highway service
operators. As was shown in this study trends in land values can
be assessed and attributed to highway improvements. There is no
reason why private profit conferred by road provision should not
be turned into public revenues, if it is the policy aim to tap
indirect and transferred benefit sources for fiscal purposes.
Land transactions by public authorities, used for many years with
great success by some authorities in Canada and the United States,
could be turned into a lucrative source of public revenues. Using
the reverse approach, advance purchases of right-of-way for high-
ways to be constructed years later, has saved a number of highway
departments mlllions of dollars.

A strong case can be made for the imposition of special
fees on operators of subsidiary service establishments. This
should not only be done to collect revenues, but especlally to
cover at least the social costs inflicted by these enterprises.
Roadside restaurants, motels, gasoline stations definitely dimi-
nish the value of a long-distance highway, since they constitute
a safety hazar”, demand speclal access features and distract the
attention of drivers by use of advertising signs. In the case of
primary highways and other important routes a complete ban on all
roadside establishments and advertisiﬁg signs should be imposed,
since the social costs caused by them would probably be found to
outweigh by far any benefits or revenues derived from them.
Pricing of Highway Services - Conclusions

The main conclusion which emerges from the dlscussion of

highway pricing problems is the fact that there are so many possible
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policies which can be pursued by a highway authority. It is very
important that the objectives of public policy be clearly stated,
so that they can be carried out efficiently. The desired aim of
optimum output can be achieved in a number of ways, of which the
incremental cost solution is one. After discussion of this
approach it was found that it does not meet a nﬁmber of theo-
retical and practical desiderata. Motor fuel taxes and vehicle
license fees were found to be lucrative sources of revenue, easy
to administer and satisfactory in some respects as consumption
rationing devices. However, no simple methods are envisaged
which would solve the peak traffic problem. More use of imagi-
native commercial policies might be made in the field of subsidiary
highway activities.

Theré can be no recommendations for the adoption of a
particular pricing policy and a particular system of user charge
collections. This once more underlines the desirsbility of
separating highway investment policies from the subordinate brob-
lems of pricing and revenue collection. The attention of highway
authorities should be turned first to investment planning and
priority determination. The social losses of making wrong or
belated decisions in this vital sphere will far outweigh the
possible social losses caused by distortions of the competitive

pattern.
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A, FIXED COSTS:
(1) Plant

(2) Vehicles

(3) Other fixed
costs

B. VARIABLE COSTS:
(1) Plant

(2) Vehicles

(3) Other variable
costs

TABLE 1
COST CATEGORIES

RAIL TRANSPORT

Land right-of way

- Legal costs

Grading, drainage,
track and rails

Tunnels, bridges,
terminal facilities,
permanent structures

Signalling and safety
facilities

Planning, surveying,
engineering, labour
and all other costs
resulting from con-
struction of the
railway line

Locomotives

Freight cars

Repair, maintenance
and storage facilities

Puel storage

Taxation, insurance,
legal and license
fees attributable to
the ownership of the
assets listed above

Current maintenance and
repairs

Replacements, periodic
maintenance, inspection

Repairs, wages, fuel, oil,
water, spare parts,
superintendence, etc.

Management, administration,
taxation, legal and license
fees attributable to the

. operation of the assets

listed above

C e eh
v

ROAD TRANSPORT

Land right-of-way

Legal costs

Grading, drainage,
sub-base, base
course, surface

Tunnels, bridges,
terminal facilities,
permanent structures

_Guard rails, road

signs, other safety
facilities

Planning, surveying,
engineering, labour
and all other costs
resulting from con=-
struction of the
road

Tractors

Trailers

Repair, maintenance
and storage faci-
lities

Fuel storage

Taxation, insurance,
legal and license
fees attributable
to the ownership of
the assets listed
above

Current maintenance
and repairs:

Replacements, periodic
maintenance, in-
spection

Repairs, wages, fuel,
oll, batteries,
tires, spare parts,
superintendence, ete

Management, adminis=-
tration, taxation,
insurance, legal
and license fees
attributable to the
operation of the
assets listed above



CCST CATWSORINS

RATL TRANSPORT

G, INTEREST AND DEPRECIATION
Depreciation
Interest on lnvestment

D. OTHER GOSTS (for instanee )t

Terminal coasts, hand-

Ung sharges, est.ma=
ted costs of loas
or dmage to gooda
and eqipaent

Quality of service
conalderations

Time costs, such as the
coste of worklng
capital tied to ‘the
goods in transit

Costs of adjustment of
production or market=-
ing schedules to the
irregularities, speed
and other characteri-
stics of traffic flow

Flexibility of routing
and scheduling, adapt-
ability of plant and
equipment to changing
situations

"Soclal" costs and
nuisance costs (smoke,
fumes, noise)

Table 1 (Contid)

ROAD TRANSPORT

Depreciation
Interest on investment

Terminal costs, handling
charges, estimated costs
of loes or damags to goods
and equipment

Quality of serviee
conmiderations

Time costs, such as the
costs of working capltal
tled to the goods in
transit

Coasts of adjustment of
production or marketing
schedules to the irre-
gularities, speed and
other characteristics of
traffic flow

Flexibility of routing and
scheduling, adaptability
of plant and equipment
to changing situations

"Social" costs and nulsance
costs (fumes, nolse)

SUB TOTALS

00 s 0080000 s eADeS

DEDUCT Scrap value of plant and
equipment at the end

of planning period

Scrap value of plant and
equipment at the end of
planning period

TOTAL TRUE COSTS TOTAL TRUE COSTS OF

RAIL TRANSPORT

TOTAL TRUE COSTS OF
ROAD TRANSPORT

——
——————
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TABLE 18

Percentage Galn in Land Values, 1950 over 1945, in Each of

Four Areas Investigated in Gulf Freeway Study, Houston, Tex.

(Corrected for Changes in the Value of the Dollar)

Area | Relative Land Values
1945 1950
% %
Areas close to freeways
Areal ® 0 C0 000 Q000 %S8O 100 221
Areaz & 0POCOC0OO0COOO0COSCOD loo 178
Areas remote from freeway:
Area3 #9000 € 000V0eO0O0COO loo los
100 126

AreaA ®0e000080000CO0DN

Percentage

Increase in

Value, 1945
to 1950

%

121
78

Source: A Study of lLand Values and Land Use Along the Guif

Freeyay, Houston, Tex., Texas State lHighway
Department, 1951, Austin, 195l.
States Government, First Progress Report of the
Highway Cost Allocation Study, Washington, D.C.;

1957, T&ble 22, Pe 1110

Quoted from: United



TABLE 19

Changes in Property Values in New York Area
(in millions of dollars)

Value at Time Value 1953 Increase

of Construction '

$ mill, ' $ mill, %

Grand Central Parkwa

Zconstructed 19255

Influence Area Lol 93,2 2038
Control Area 141.5 850.8 501
Henry Hudson Parkway
Manh#ttan Section

constructed 1935)

Influence Area 397.5 41549 Leb
Control Area 1,484.2 1,367.6 ~ 749
Henry Hudson Parkway

Bronx Section

(constructed 1935)

Influence Area 21.9 Lie3 1R.0
Control Area 99.3 76.5 22,8
Shore Parkway Brooklyn

(constructed 1939)

Influence Area 61.7 108.7 7642
Control Area ‘ 487.8 531,.5 19,2

Source:

The Influence of Public Improvements on Property Values,
Office of the New York City Construction Coordinator.
Quoted from David M. Winch, The Economics of Highway
Planning, The London School of Economics, 1957, p.l72.
(Title supplied)
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TABLE 26

COMPARISON OF TRAFFIC GROWTH RATES
IN ONTARIO AND IN THE UNITED STATES

(A11 figures represent average increases compounded
annually for the period shown in headings)

Ontario , U.S.A. Selected
‘ - States (a

1945-55 1956-66 1966~76 1945-55 1956-66  1945-55 1956-66

Population 2.8 2.5 2.3 1.7®) 1,60 o530 o0.5-2.5
VehiCle () (e)

Registration 9.3 5.8 47 7.3/ 2.5 2.0-8.0 2.5-3.5
Vehicle ( )

Travel lloo 6'0 408 903 ¢ - 6-0"9.5 400"‘405

(a) Highway Needs Studies, California, Illinois, Kentucky,
Michigan.

(b) The Worl” Almanac, 1956.
(c) Highway Statistics, U.S. Department of Commerce.
(d) Highway Research Abstracts, May 1956.

(e ) Highway Highlights, lMay 1956.

Source: Province of Ontario, Department of Highways,
Statistics and Economics Section, Future
Passenger Car and Commercial Vehicle Travel,
Toronto, July 1957,

(Title supplied)
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