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I t is necessary to adhere to an established set of principles when allocating 
the total road and street costs among the consumers of the service provided 
by these facilities. A s the provision and maintenance of all segments of a 
nation's transportation systems, including roads and streets, require the ex­
penditure of scarce resources, it would appear desirable to base all arguments 
and decisions in this area upon economic principles. Although there are 
many shortcomings and exceptions to classic economic theory, the basic 
principles of that discipline are the only ones which have evolved as a guide 
in how best to use scarce resources. 

Essentially, the suggested economic approach is based upon the concept 
that the construction and maintenance of roads and streets provide a service 
to certain consumers — principally the motor vehicle users. Provision of this 
service requires the expenditure of resources. Furthermore, this service has 
economic value to consumers, and hence a specific quantity of service, of 
fixed quality, is demanded at each price established. B y establishing a pricing 
policy for road and street service, based upon a "cost occasioned" concept, the 
expenditures for the roads and streets to be provided will be controlled by the 
demands as reflected by the revenues from the charges imposed. 

Certain conclusions logically follow from an examination of the economic 
cost-price-demand relationships for road and street transportation service. 
These conclusions should have a practical bearing on the determination of 
highway deficiencies, highway planning and programming, methods of allo­
cating road and street costs, determination of road and street costs, and se­
lection and establishment of motor vehicle user imposts. Such a theoretical 
approach must necessarily be modified for use in practical problems. 

• T H E T R A N S P O R T A T I O N of per- streets necessitates a reduction in ex-
sons or goods upon the nation's road and penditures for other goods and services, 
street systems is a service and, as such. However, up to some limit, road and 
has economic value to individuals, com- street investments will provide a greater 
munities, and the nation. Provision of return than alternate investment oppor-
this service requires the expenditure of tunities. A n objective should be to es-
resources to construct and maintain the tablish the level of expenditures at the 
various road and street facilities. These optimum conditions, 
expenditures must necessarily be drawn Road and street investment also pro-
from the limited available resources of motes the development of the commercial 
the nation. Therefore, in providing this motor transportation industry. This in-
motor transportation service, road and dustry in turn, competes with other trans-
street expenditures are competing for portation agencies — principally the ra i l -
the resources of the nation with all other ways. I n general, the allocation of freight 
individual or collective expenditures such and passenger traffic among these com­
as those for food, clothing, housing, med- peting carriers is determined primarily 
ical care, education, and defense. E a c h by the rates established by each. I f the 
additional investment in roads and most economical allocation of traffic 
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among these carriers is desired, it is 
essential that these rates reflect all costs 
involved in providing the service. The 
commercial motor transportation indus­
try causes expenditures to be made for 
roads and streets, both through the 
numbers of such vehicles operating and 
the size and weights of the units em­
ployed. Therefore, the road and street 
costs occasioned by the various commer­
cial vehicles should be allocated to each 
so that these costs may influence their 
rates. 

Roads and streets provide a service to 
all users. Under our economic system 
prices are, in general, used to determine 
the allocation of goods and services, or, in 
other words, the amount of any particu­
lar service to be provided. Under com­
petitive conditions, prices reflect costs. 
Hence, each consumer of the road and 
street service (the road users) should be 
charged a price equal to the cost of the 
service provided that consumer. Con­
fronted with this established price for 
the use of the road and street systems, 
the consumer will demand a certain 
amount of service. The collective demands 
of the consumers, as reflected by the 
revenues derived from the charges im­
posed, will determine the investment to 
be made in roads and streets. Thus, a cr i ­
terion of charging road users according 
to the costs occasioned, will not only en­
sure tax neutrality in the commercial 
motor transportation industry, but will 
aid in establishing an economic limit on 
the total resources of the nation to be 
devoted to the provision of roads and 
streets. 

C O S T - P R I C E - D E M A N D R E L A T I O N S H I P S 

With the above objectives in mind, the 
highway finance problem may be resolved 
into one of supply and demand. The 
supply of highway transportation service 
is determined by the capacity and con­
dition of the road and street system 
which, in turn, is a function of the rate 
of expenditures for the maintenance and 
improvement of that system. The geo­
metric design standards of a road or 
street are directly related to the traffic 

volume that is to be accommodated. The 
structural design of a road or street, 
that is, the pavement type and thickness, 
is related to the traffic volume (wheel 
load applications) and to the vehicle 
weights (wheel load and tire pressure) 
for any given subgrade soil condition. 
Thus, for a basic vehicle, such as a pas­
senger car, the cost of providing a high­
way system of a given quality is a func­
tion of the total vehicle-miles to be 
accommodated in any specific period of 
time. 

I n Figure 1 ( A ) , curves and Sy rep­
resent supply functions for highway sys­
tems. F o r either system (S^ or Sy), at a 
unit cost of C cents per vehicle-mile, a 
highway system could be provided and 
maintained which would accommodate a 
quantity of T vehicle-miles of travel in a 
given period (i.e., one year ) . These 
vehicle-miles of travel would be distrib­
uted over the system in some existing 
flow pattern such that some roads are 
utilized to capacity while others are not. 
I f the system were large enough and the 
percentages of capacity of the various 
segments of the system well distributed, 
the supply curves would be continuous 
functions, provided that increases in the 
total vehicle-miles of travel occur fairly 
uniformly over the existing traffic flow 
pattern. I f the entire system, or large 
segments of it, reach capacity simulta­
neously, the supply curves would be dis­
continuous functions with large jumps or 
steps. Because the capacity of any one 
highway may be increased by widening 
the roadway or shoulders, by removing 
obstructions, by providing traffic signs, 
signals, or pavement markings, or by 
adding additional lanes, and because few 
highways in a large system reach capac­
ity simultaneously, it is a reasonable as­
sumption that these supply curves may 
be approximated by continuous functions. 

Most highway systems have a great 
deal of excess capacity, or excess capacity 
may be created at a relatively small ad­
ditional cost. When this condition exists, 
the supply curve could be a decreasing 
function ( S J . However, it may be that 
the addition of traffic to the system at 
any time will necessitate costly improve-
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D - Demand c u r v e for trovel (veh ic le -
mi les ) OS a f f e c t e d by rood user 
imposts (unit cost per v e h i c l e -
mile) where o ther v e h i c l e operat ­
ing c o s t s ore c o n s t a n t . 

S - Supply c u r v e - i . e . , the unit cost 
per v e h i c l e - m i l e n e c e s s a r y to pro­
vide highways to accommodate any 
given totol amount of t ravel by 
b a s i c v e h i c l e s , a s s u m i n g th is 
travel is of a f i x e d qua lity (safety, 
comfort, convenience). 

K - Supplementary supply curve for 
heovy v e h i c l e s — i . e . , unit cos t of 
providing road s t r u c t u r e to occom-
modate v e h i c l e s of any given weight. 

C - The pr ice of providing highway s y s ­
tem to accommodate T v e h i c l e -
miles of t r a v e l . 

C j - T h e pr ice (for highway provision) 
of t ravel confront ing ind iv idua l 
v e h i c l e s . T h i s pr ice s h a l l be o 
marg ina l cost of veh ic le operation. 

V e h i c l e - m i l e s per yeor 

I n d i v i d u a l pr ivate auto 
( b a s i c v e h i c l e ) 

=> C 

D3 

V e h i c l e - m i l e s per year 

Figure 1. Static equilibrium condition for supply and demand for 
travel upon a highway system where all vehicle operating costs other 

than road user imposts are constant. 
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ments to certain roads (an increase to 4-
lanes) and thus the unit cost per vehicle-
mile will increase. I n this case, the sup­
ply curve will have a positive slope (Sy). 
The slope and shape of a supply curve is 
also a function of time — the rate of in­
vestment, and the rate of increase of 
vehicle-miles per year to be accommo­
dated. E x a c t knowledge of the shape of 
the supply function is not necessary for 
an understanding of the principles illus­
trated in F igure 1, but it should be rea­
lized that this function could be evaluated 
in practice by means of a comprehensive 
highway needs study in which a specific 
program of development was determined. 

I n Figure 1 ( A ) curve D represents the 
demand for travel upon a highway sys­
tem. Intuitively, this curve has a down­
ward sloping trend as shown. A t a high 
unit cost per vehicle-mile there should be 
less travel than at a low unit cost per ve­
hicle-mile. T h i s composite demand curve 
for the system is functionally related to 
all of the demand curves of individual 
vehicles using the system. Individual de­
mand curves for three specific typical 
vehicles are shown in Figures 1 ( C ) , ( D ) , 
and ( E ) . 

Assuming that all motor vehicle ope­
rating costs except road user imposts re­
main constant, it might be concluded that 
in Canada and the United States, the de­
mand for travel by nearly all automobile 
•owners is perfectly inelastic. Thi s con­
dition is illustrated by curve Ds in Figure 
1 ( E ) . Under current conditions, it seems 
reasonable to expect that, within realistic 
limits, any fluctuations in the unit cost of 
travel (i.e., increases in the gasoline tax 
or registration fees) will have practically 
no effect upon the amount of annual 
travel of passenger automobiles, pro­
vided such changes are not so drastic and 
abrupt as to incur public animosity. I t 
would appear that only serious external 
economic forces affecting individual in­
comes and the standard of l iving will 
have any effect upon the number of miles 
driven by automobile each year. 

The annual travel of a commercial 
vehicle is determined to a large extent 
by the amount of transportation business 
available. The amount of this business is 

affected by the transportation rates 
which, under competitive conditions, are 
determined from the unit cost of travel. 
Therefore, if the unit cost per vehicle-
mile is large, business may be either 
diverted to competitive transportation 
agencies or withdrawn from the market, 
and the amount of travel would be less 
than i f this unit cost were small. The de­
mand curve for an individual commercial 
vehicle thus has a downward slope as i l ­
lustrated in Figures 1 ( C ) and ( D ) . I t is 
primarily the accumulative effects of the 
demand curves for all commercial vehicles 
which causes the slope in the aggregate 
demand function of Figure 1 ( A ) . 

The intersection of the aggregate de­
mand curve and the supply curve of 
F igure 1 ( A ) determines the price, C 
cents per vehicle-mile, which must be 
charged against the total travel T to 
provide an adequate highway system to 
accommodate the "basic vehicle." Be­
cause there is no profit or monetary re­
turn on the capital invested in highways, 
the price C will also represent the unit 
cost of providing the highway system. 
F o r any individual vehicle this price will 
represent a constant unit cost per vehi­
cle-mile, because the amount of travel 
by one vehicle is insignificant compared 
with the total travel upon the highway 
system. 

The unit cost of providing roads for 
the basic vehicle has been transferred to 
F igure 1 ( B ) . I n addition to the basic 
unit cost, further highway expenditures 
are necessary to accommodate heavier 
vehicles. These added costs result from 
the provision of wider riding surfaces 
and from the necessity of constructing 
heavier pavements. F o r a given distribu­
tion of heavy vehicles in the traffic 
stream using the road system, a curve K 
may be determined which represents 
the price or unit cost of extra provision 
for heavy vehicles. T h i s curve originates 
from the unit cost C, previously deter­
mined. Knowing the gross weight of a 
particular vehicle, the price or unit cost 
of the highway system chargeable to 
that vehicle may be determined. This is 
illustrated by Figures 1 ( B ) , ( C ) , and 
( D ) . F o r each size of commercial vehi-
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cle, the point of intersection of the price 
and demand curves defines the annual 
vehicle-miles which may be economically 
traveled. The summation of individual 
vehicle-miles of travel per year (Ti, T=, 
Ts, etc.) for all vehicles using the sys­
tem will equal T vehicle-miles of F i g ­
ure 1 ( A ) . 

I t should be noted that the annual 
travel of any individual commercial car­
rier (Ti or T-i) is considerably less than 
the amount of travel that would have 
resulted had these vehicles not been as­
sessed the unit cost of extra provision of 
roads occasioned by their weight. Assess­
ing heavier vehicles in accordance with 
the true costs occasioned by each weight 
and size group places an effective and eco­
nomical limit upon the amount of travel 
on the highway system. Furthermore, if 
transportation rates reflect costs, it pre­
vents uneconomical travel from diverting 
commercial traffic from more efficient 
competitive carriers. 

A pricing policy established in this 
manner, applied to a motor transporta­
tion industry characterized by compe­
tition and freedom of entry into the busi­
ness, should bring about the most eco­
nomical and efficient service possible. 
Furthermore, a tax structure, progressive 
with vehicle size and weight and reflect­
ing the true costs occasioned by each 
vehicle, will define the optimum gross 
weight for over-the-road carriers when 
these charges are combined with all other 
vehicle operating expenses. Vehicle load 
limits for a highway system which are 
determined in this manner, are consistent 
with the principles of transportation eco­
nomics, as all real costs involved in pro­
viding the service have been considered 
in the evaluation. 

I t should be noted that the theoretical 
relationships are based upon a road sys­
tem of constant quality, whose over-all 
physical plant is being altered gradually 
to accommodate increasing amounts of 
travel. I f a general improvement were to 
occur in the quality of service provided 
the motor vehicle users operating on a 
road system, the entire supply curve for 
that system would be displaced upward. 
This of course would necessitate an in­

crease in all unit prices per vehicle-mile 
charged to the users. To a point, improve­
ments in the quality of road service will 
result in reductions in vehicle operating 
costs. Thus, there is an economical limit 
to which the quality of a road system 
may be raised. 

The theory represents static equilib­
rium conditions. I n practice, however, 
motor vehicle use is a constantly expand­
ing phenomena. To compensate for these 
dynamic conditions, it is continually 
necessary to anticipate the future de­
mands upon the road system by means of 
projected increase in motor vehicle travel 
and anticipated changes in construction 
costs. This is essential if quality or serv­
ice is to be maintained by providing in­
creased or improved facilities in accord­
ance with traffic increases. However, the 
pricing policy described herein is based 
upon the marginal cost and marginal 
revenue concepts. The marginal cost in 
this case is the unit cost of providing an 
addition to the road system adequate to 
accommodate an additional unit of travel, 
without altering the over-all quality of 
service provided by the system. Average 
costs over a long financial program period 
are not equal to marginal costs. Averag­
ing the program costs over a considerable 
stage of development will result in unit 
road user charges which are constant 
over the program period and which may 
be excessively high during some period 
and low during the remaining time. Be­
cause total travel is a function of the 
unit cost of road user charges, the con­
stant unit costs would provide an art i ­
ficial deterrent to travel in some yeans 
and an artificial stimulus in others. 
Shorter financial program periods would 
allow the traffic demands to reflect the 
current costs of providing the service 
and, thus, the needs of the system could 
be more closely adjusted to the demands 
for travel upon it. Within the practical 
limits necessary for planning and con­
structing road improvements, it would 
seem desirable to reduce to a minimum 
the period over which a financial program 
is determined. I n this way, average costs 
might approximate marginal costs. Of 
course, the theory would also require 
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that road user imposts be revised in ac­
cordance with the new costs for each of 
these short program periods. 

Throughout this discussion, the use of 
certain terms, which normally pervade 
all highway finance literature, has been 
avoided. Among these terms are such 
words as "equitable," "beneficiaries," and 
"benefits derived." E a c h of these terms 
has a rather nebulous meaning and in­
variably most individuals interpret them 
differently. The continued use of such 
terminology leads to further confusion 
and hinders progress toward an ultimate 
and satisfactory solution to the problems. 
The corresponding terms "economical," 
"consumers of the service provided by 
roads and streets," and "amounts of road 
and street service consumed" are more 
explicit and define more precisely the 
various opinions and methods offered in 
this area. 

P L A N N I N G A N D P R O G R A M M I N G 

Road and street planning is deter­
mining what the needs of a particular 
system actually are and developing a 
plan to overcome these needs. The most 
critical feature of planning lies in the 
determination of the needs or deficiencies. 
Providing highways is a service which 
must be purchased by consumers. There­
fore, highway deficiencies are actually a 
function of the price charged the users 
— or of the cost of correcting the con­
dition of the facility. I f the cost allocated 
to users is too high, they might prefer 
the existing facility rather than purchase 
an improved one. I f this is the case, a so-
called deficiency does not actually exist. 

Determination of the deficiencies of a 
road or street facility must take into con­
sideration the cost required to improve 
the condition or standards of that facility. 
This is a further objection to financial 
arrangements based on long range plans 
when the average unit costs of capital 
improvements over the program period 
are allocated to the users. Such arrange­
ments do not allow consumer demands 
to influence the quantity and quality of 
the road and street facilities to be pro­
vided. 

Related to the problem of highway 
needs is the method used to determine 
construction priorities for programming 
purposes. Today, the most commonly used 
priority scheme is the "Sufficiency Rat­
ing Method" (3). A weakness in this 
method is the failure to consider the 
cost element. A n economizing problem 
confronts the determination of priorities; 
therefore, the returns from each invest­
ment must be considered. A fiscal rather 
than physical device is needed to deter­
mine priorities. 

To evaluate deficiencies and determine 
priorities, an analysis technique, which 
in general conforms with the economic 
objectives, is available. This is the so-
called "benefit-cost ratio" U ) . As used 
in such analyses, "benefits" may be con­
sidered as both a measure of consumer 
demand and an evaluation of returns 
from road investment. I f evaluated cor­
rectly, a ratio in excess of 1 would indi­
cate a deficiency, while the higher this 
numerical ratio, the greater is the pri­
ority for improvement. Although the 
present technique used in determining 
the benefit-cost ratio is inadequate, this 
type of analysis is worthy of further in­
vestigation, research, and development. 

ROAD A N D S T R E E T COSTS 

I n the suggested theory of finance, it 
is essential that all of the costs occasioned 
by each consumer of road and street serv­
ice be allocated to that consumer in pro­
portion to the rate of consumption. The 
first step in such a procedure is to de­
termine what actually constitutes the 
appropriate costs. Initially, the compo­
nent expenditures must be itemized, for 
example: capital investments; mainte­
nance, operation, and administration ex­
penses ; interest on bonded indebtedness; 
and traffic control and enforcement costs. 
A further item of importance in urban 
areas is the cost of parking. F u l l park­
ing costs, when included with other 
charges for the use of streets, will per­
mit motorists to decide on the basis of 
total economic costs, whether they wish 
to enter the more congested areas of 
cities by automobile or mass transit. 
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When confronted with the total costs of 
travel and parking, there might be less 
tendency for individual vehicles to ap­
proach or enter the central business dis­
trict of cities. I n this way, parking costs 
will aid in establishing an economical 
limit to the demands for travel upon a 
city's arterial street system. Without al­
locating the total parking costs to motor 
vehicle users, it would be impossible to 
achieve an economical balance between 
street costs and travel demands in urban 
areas. 

On the basis of the outlays necessary 
for the provision of a road or street sys­
tem, there are two possible approaches 
for determining the annual revenue re­
quirements. These two methods are gen­
erally entitled the "annual cost" and 
"annual expenditure" theories. The an­
nual cost approach includes an annual 
amortization charge to spread the con­
struction outlays over the period of years 
during which the improvement will be 
serviceable. I n this way, the consumers 
who actually use a facility during its 
life will each be charged for that capital 
improvement in proportion to the extent 
of such use. I t should be recognized that, 
neglecting the interest element of the 
annual cost approach, the costs calcu­
lated by this method will approximate 
actual annual expenditures i f a program 
is used in which the capital investment 
is nearly equal in each year. However, the 
theory indicates that forcing the equali­
zation of capital expenditures over a pro­
longed period is not desirable. Thus, as 
unit costs, total travel and time may not 
be related linearly, the annual expendi­
ture method would not yield the same re­
sults as the annual cost method. The an­
nual cost approach would seem preferable 
as it generally conforms with the theory 
advocated. 

Annual cost customarily contains an in­
terest charge on the unamortized amount 
of the capital investment. This interest 
charge is a justifiable item, representing 
a true opportunity cost, when used in a 
comparative economic analysis. However, 
in determining costs for allocation to 
road and street users, the interest charge 
is fictitious and should not be included. 

M E T H O D O F COST A L L O C A T I O N 

The theory under consideration at­
tempts to charge each road user a unit 
price per vehicle-mile equal to the unit 
road and street cost occasioned by that 
vehicle. I f the motor vehicle did not exist 
today, property owners or the general 
public would undoubtedly demand that 
some "basic road" be provided to render 
adequate access to the various properties 
of a region. With the motor vehicle, a 
much higher type of facility is demanded. 
I f these two demands for roads were 
separable, it would be economically sound 
to allocate the total road costs in accord­
ance with the ratio so established. That 
not being the case, it is necessary to 
assume that the demands of the property 
owners would be independent of those of 
the motor vehicle users. Therefore, the 
"basic road" would be demanded by the 
property owners, and the costs of this 
unit would be attributable to these con­
sumers. Such an assumption does not 
appear to be unreasonable. 

The road and street cost responsibility 
of the property owners and general public 
could thus be determined in accordance 
with the "added expenditure theory" or 
the "basic access highway responsibility 
method" {2, 5). Another approach would 
be to define the basic road as a road or 
street whose annual cost per mile was 
equal to the average annual cost per mile 
of the adjacent local road or local street 
system. The local systems should repre­
sent the property owners and general 
public's demand for a facility not de­
signed for through traffic. Al l costs of 
any road or street facility in excess of 
the costs of a basic road would be assign­
able to the motor vehicle user group. A 
cost allocation method of this nature 
would approximate the requirements of 
the economic theory. 

The theory of differential costs (the 
incremental theory) should be used to 
allocate the total tax responsibility 
among the individual units comprising 
the motor vehicle user group (5 ) . This 
theory attempts to evaluate curve K of 
F igure 1 ( B ) , to distribute the basic costs 
to all vehicles on a mileage basis, and 
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hence to determine the costs assignable 
to any particular vehicle. I n other words, 
the economic theory may be applied in 
practice by means of the incremental 
method, i f the appropriate point on the 
supply curve for the road system is de­
termined. 

MOTOR V E H I C L E U S E R I M P O S T S 

F r o m this theory, it may be deduced 
that the motor vehicle user charges 
should be collected at the time the road 
or street service is consumed in order 
that the user might base his travel de­
cision on the relevant economic costs of 
this and alternate investment opportun­
ities. I t is impossible and impractical to 
provide a toll gate at every road and 
street intersection. However, motor fuel 
taxes and mileage taxes do satisfy the 
specifications, provided they can be com­
bined or adjusted to yield a progression 
with size and weight which is comparable 
to that determined in the cost allocation 
analysis. Imposts which vary with travel 
and which are payable at the time of the 
travel would appear to be more satis­
factory than large fixed annual license 
fees. 

A s motor vehicle user imposts should 
represent a toll payment for the use of 
roads or streets, only those costs assoc­
iated with such use should be charged. 
Thus, vehicles operating in more than one 
province or state should pay for the use 
of the roads and streets in each jurisdic­
tion at essentially the same rate per mile 
as an intraprovincial or intrastate 
vehicle of the same size. F o r a satisfac­
tory implementation of the theory, it is 
essential to overcome the current diffi­
culties of the reciprocity problem. 

C O N C L U S I O N S 

I f the objective of a national, state, or 
provincial transportation policy is to pro­
vide the most economical over-all trans­
portation system for that jurisdiction, 
the highway finance problem should be 
resolved in light of accepted economic 
theory. The basic cost-price-demand re­
lationships for road and street use 

should constitute the fundamental cr i ­
terion for the solution to the planning 
and cost allocation problem. A n exami­
nation of these relationships will reveal 
the importance of the marginal cost and 
marginal revenue concepts. Of course, 
market conditions do not exist in high­
way supply, and it is impossible to ad­
here strictly to the dictates of these prin­
ciples. However, the basic concepts should 
be borne in mind in highway planning, 
programming, and financing. Within the 
practical limitations of timing road and 
street development, it appears desirable 
to adhere to these concepts in order to 
promote an economical and logical evolu­
tion in highway motor transportation 
and in all transportation. 
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