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Toward A Theory of Rational Road Pricing
by John R. G. Brander* ,

THIS PAPER explores one aspect of
a broader, on-going research effortfocusing on the questions of the pricingof and investment in transportationinfraEtructure. In the broader context,th. questions of user pay, congestionpricing and investment expenditure areall considered. Research to date indi-cates that the three questions must beanswered simultaneously, and prior tothe installation of the facilities. The ob-j2ctive of the present paper is muchmore limited, focusing only on the issueof user pay. The objective is to developa theoretical framework for the userpay component which can be integratedinto the broader analysis.

The first part of the paper deals withthe overall analytical framework, anddiscusses some differences between thepresent approach and that in the re-
ceived literature. The following sectionis devoted to a consideration of the
problem of excess capacity in the high-way system. With this background inplace, attention is turned to the question
of nonuser cost responsibility for infra-
structure costs. It will be argued that
the separation of cost responsibility be-
tween users and nonusers must be the
first step in the analysis. The next sec-
tion of the paper deals with the alloca-
tion of the remaining costs among
classes of user. With this issue resolved,
the actual mechanism for determining
the level of user charges is explored.
A final section of the paper presents
some conclusions and implications of the
analysis.

BACKGROUND TO
THE DISCUSSION

In his writings on the theory of sub-
jective value, Carl Menger distinguished
goods which could be consumed directly
from those which could be consumed
only indirectly. The former he regarded
as first order goods. The latter, which
in reality are inputs into the productionof the former, included several cate-
gories of higher order goods.' Menger's
framework provides a useful schema for
considering the whole question of high
way pricing. In this instance, the direct-
ly consumable first order goods would be

*Professor and Chairman, Departmentof Economics, University of New Bruns-
wick.

the actual transportation. Its produc-
tion, in turn, requires several higher
order goods as inputs. On the capital
input side, the most important of these
would be the infrastructure and some
type of vehicle. Current inputs would
include, among other things, labour,
fuel and time. Each of these inputs has
a price, and the total cost of transpor-
tation is a function of the prices and
the amounts of each input required to
produce the final output.
Menger's analytical structure demon-

strates the need to deal with the ques-
tion of infrastructure pricing separately
from the other elements of transpor-
tation cost. Where the infrastructure it-
self is concerned, this implies a two part
pricing policy. The first component
would be the user fee. It must be set in
such a fashion as to cover the costs of
owning and operating the infrastructure.
The other component is a congestion toll
which must be both time and location
specific. The latter, of course, would be
designed to ration available capacity. It
also suggests that it is necessary to
carry out the analysis at the level of in-
dividual vehicle classes, ideally by classof road.
The objective of full user pay as an

element of long-run transportation pol-icy is generally accepted. In the inter-ests of optimum resource allocation,
users of a transportation facility shouldpay their "fair" share of the costs in-
curred in its provision. Were they to payless than this, users would be receiving
a subsidy. Were they to pay more, gen-
eral taxation would be carried out in
the guise of user charges. Either would
result in a misallocation of resources
through a misallocation of traffic among
competing modes. This much is general-
ly accepted. Controversy arises when at-
tempts are made to translate the objec-
tive into an operational framework. The
intermingling of user pay and conges-
tion pricing, the use of aggregate cost
and revenue comparisons, and the fail-
ure to properly address the nature of
the debate at hand are all sources of
disagreement.

Despite the research efforts of the
past decade, there remains in the litera-
ture some uncertainty about the nature
of the infrastructure input. The pay-as-
you-go approach treats highway capital
investment as a current expenditure,
implying that user charge revenues in
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any year should be sufficient to cover

these capital costs as well as current op-

erating and maintenance outlays. The

alternative is to place the highway sys-

tem on commercial principles and thus

view any year's investment as generat-

ing a stream of economic costs in the

future.2 The Menger-type framework

noted above follows the latter approach,

an approach which is on sounder footing

from the point of view of economic the-

ory. This is the approach adopted in this

paper.
A second difficulty is the treatment of

the time variable in the analysis. Once

the pay-as-you-go approach has been re-

jected in favor of the economic analysis

approach, it is necessary to decide upon

the time framework in which the analy-

sis will be carried out. In most of the

studies of infrastructure pricing, time is

included only in historical perspective.3

Generally, the analyses end with the

present (or the very recent past). Ad-

mittedly, this is useful in explaining how
any given system evolved. It does not,

however, provide any indication as to

where it might be going. A complete

understanding of the forces at work can-

not be had without some reference to

the future as well.
Most serious, from the theoretical

perspective at least, is the potential in-

compatibility between pricing decisions

and investment analysis in this time

framework. In an ideal world, the pric-

ing and investment decisions for a par-

ticular highway would be determined
simultaneously. This is the case because

the price determined usage which, in

turn, is one of the elements defining the

magnitude of benefits arising from the

project. Clearly where the price deter-

mined ex post is different from that used

in the investment analysis, the project's

benefits will differ as well. This suggests

that the price used in the investment

analysis must be the one which will ac-

tually be charged, and that future traf-

fic volumes and hence benefit streams

must be estimated on the basis of this

price. At the level of the individual proj-

ect, it is clear that future time must be

included. Obviously, the same thing

holds at the level of the highway system.

In the case of the latter, it is also nec-

essary to incorporate historical time

into the analysis as well, for the nu-

merous investment decisions made in the

past have, in total, resulted in the cre-

ation of the present highway system.

The investigator must, therefore, stand

in the present and look into both the

past and the future in carrying out the

pricing analysis.
This perspective of time raises serious

questions about the possibility of en-

gaging in a retrospective analysis to de-
termine the appropriate level of use 
charges by class of vehicle. It is admit-
ted that one or more allocative mecha-
nisms could be found to apportion costs
(however defined) among the variou 
classes of vehicle using a highway sys-
tem. Railroads, after all, have been do-
ing this sort of analysis for decades
among their various traffic elements.
Whether this results in anything more
than an arbitrary, albeit consistent, al-
location of cost is another matter. Av-
erage, rather than specific costs emerge
from this analysis, but whether these
averages represent the "true" costs is
another question. This question will be
returned to later in the paper.

On balance, while the objective of full
user pay is accepted, it is clear that
there are problems with earlier ap-
proaches to the analysis which must be
overcome. In the present paper, an at-
tempt is made to overcome these diffi-
culties using a different perspective of
time. Before this is done, however, there
is one other matter deserving of atten-
tion. That is the question of excess ca-
pacity.

THE PROBLEM
OF EXCESS CAPACITY

One problem which has not been given
sufficient attention in the user pay de-
bate is the issue of excess capacity and
its impact on the cost structure of the
highway infrastructure. While some at-
tention has been given to pricing
schemes applicable to lightly used trans-
portation infrastructure,4 the value of
service prices which result are inconsist-
ent with the desired fiscal neutrality

that is a part of the user pay debate. As
the first steps in finding an alternative,
it is necessary to inquire as to the
causes of this excess capacity and its

impacts on highway costs.

Three sets of factors interact to pro-

duce considerable amounts of excess ca-

pacity in the highway network. The
first of these is the transportation plan-
ning process itself. The second factor is
the lumpiness of highway investments,
a difficulty which creates indivisabilities
on the cost side. The third factor results

from the fact there are a variety of

nontransportation factors involved both
in the decision to construct and the de-

sign standard of particular highways.

Each aspect must be discussed briefly.

The transportation planning process

is concerned almost exclusively with

supply side adjustments to capacity

problems. In practice, at least, the ma-

nipulation of demand through the price
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mechanism is almost unknown. Faced
with a congested highway, the typical
highway planner will recommend an ex-
pansion of the existing facility of the
construction of a new and larger one.
The capacity of this larger facility is
determined by the notion of a "design
hourly volume." The design hour is the
thirtieth highest hourly volume in the
design year. The design year is typically
twenty years away. In the present con-
text, it might be useful to turn the issue
around. If the traffic forecasts are
completely accurate, one would ex-
pect the design hourly volume to be
exceeded for only 29 hours in the
design year. This is clearly an ex-
aggeration, but it does emphasize the
point that even the busiest highways
are busy only part of the time. The
balance of the time finds them in an
excess capacity situation. Given its na-
ture, it should be clear that the trans-
portation planning process results in the
installation of a considerable amount of
excess capacity in the highway network.
What needs to be recognized is that this
cannot be done without imposing severe
ownership penalties on the operators of
the infrastructure.

This difficulty is compounded by a
second problem, the lumpiness of high-
way investment alternatives. Under cer-
tain circumstances, at least, the lumpi-
ness also contributes to the existence of
excess capacity. It causes a second diffi-
culty as well, namely discontinuities in
the cost structure. Of equal importance
is the fact that the lumpiness tends to
bias cost-revenue comparisons. Large
systems will tend to produce better fi-
nancial results simply because they are
larger. Put another way, the burdens of
excess capacity weigh more heavily
upon small systems than on large ones.
Account must be taken of these factors
as well in the setting of the level of
user charges.

Much of the received literature as-
sumes implicitly that only user demands
were considered in the decision to con-
struct a particular highway. Were this
the case, and were the two problems
discussed above adequately incorporated
into the analysis, the issues at hand
might well be resolved quickly. This im-
plicit assumption is, however, incorrect 
A variety of non-used demands have his-
torically had an impact on highway in-
vestment, and as a result, the system is
not a user-optimized one. Some of these
demands are political rather than eco-
nomic in origin. A case in point would
be the desire for a uniform standard on
a particular class of highway regardless
of the traffic volumes. The minimum de-

sign standards of the Interstate High-
way System would be an example. A va-
riety of other non-user demands have
had an impact as well. Regional eco-
nomic development motives, the desire
for social integration of isolated areas,
and even military preparedness all have
had roles to play. All of these motives
create cost streams in the future, and
increase the amount of excess capacity
in the present. Given these impacts, the
failure to incorporate them into the
analysis in a full user pay system
amounts to the use of that system as
an instrument of general taxation. Ac-
cordingly, they must be incorporated
into the analysis.

USER PAY IN GENERAL

The difficulties discussed above can
best be overcome by remembering that
there are three closely related questions
in the debate, two related to the ques-
tion of allocating cost, the other relat-
ing to the determination of the user fee
to be charged. Only by considering the
non-user cost responsibility first, then
focusing on the cost responsibility of
various classes of user, and finally set-
ting the price for the use of the facili-
ties is it possible to avoid the pitfalls of
earlier approaches. This section of the
paper presents a general discussion of
these topics. Later sections will con-
sider them in greater detail.
Highways, roads and streets are

multipurpose capital assets, built and
maintained to serve a variety of func-
tions. Only one of these, actual vehicle
usage of the facilities, is transportation
related. It follows, therefore, that there
are non-transportation considerations
involved in the provision of this capital
stock, and to these, there are costs at-
tached. A cost separation between the
two elements is obviously necessary, and
this separation must be the first step in
the analysis. While this seems straight-
forward, it is not a subject which has
received any consistent treatment in the
received literature. For example, Hari-
tos5 recognizes the existence of this
problem in the abstract, but not in his
empirical analysis. On the other hand,
McGillivray et al.G bypass the issue en-
tirely.
There have, of course, been attempts

made to incorporate this non-user com-
ponent into the analysis. At one time or
another, such techniques as the relative
use method and the predominant use
method have experienced popularity as
a means of allocating costs to non-
users.7 There is a serious theoretical
flaw in both of these techniques. Both
employ a measure of vehicle usage to
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determine a cost responsibility which
would presumably exist even in the ab-
sence of such vehicles. It may well have
been the problems stemming from this
shortcoming which led Harbesons to
note that the user-non-user allocation of
costs appears to differ depending upon
whether or not the system is earning a
"profit." Serious difficulties would arise
from the adoption of the past attempts
to make this cost separation.
What is required is an approach which

is independent of the motor vehicle and
its usage of a particular facility. In
turn, this suggests that there are not
likely to exist general allocative rules,
so that each increment to the existing
stock of highway capital must be con-
sidered on its own merits. The focus
must be on the externalities generated
by individual projects. The cost alloca-
tion between users and non-users must
then be related to these externalities. In
the extreme case where none exist, all of
the costs would be attributable to the
motor vehicle. Where they do exist, both
their nature and extent must be ex-
plored before any allocation is possible.
Such an approach would obviate the
need to consider the motor vehicle at all
in determining this cost separation, and
would clearly be independent of the cur-
rent "profitability" of the system. Such
an approach is developed in a later sec-
tion of the present paper.
In passing, it might be noted that

this approach precludes any retrospec-
tive cost separation. It reinforces the
earlier contention that full user pay is
an objective which can be attained only
in the long run.
The second question relates to the al-

location of the remaining costs among
the various classes of user. It is gen-
erally agreed that this phase of the
analysis must be carried out at the level
of vehicle class. The rationale here is
straightforward. The fundamental ques-
tion in the user pay debate involves the
allocation of traffic among competing
modes. Interesting as a macro compar-
ison between highway costs and rev-
enues may be, it masks the relative per-
formance of vehicle classes, and might
result in the acceptance of cross subsi-
dization among those classes. Such cross
subsidization is incompatible with the
objective of improving resource alloca-
tion in transportation. Consequently, the
focus must be on individual vehicle
classes.
The implications of this position are

considerably broader than the present
paper. This principle has implications
for other modes of transportation as
well. In the case of rail, for example,
concern for intermodal competition and

the allocation of resources dictates that

there must be a separation of national
policy from national transportation pol-
icy. If, in the interests of the former,

railroads are forced to operate unecono-

mic branch lines, then they should re-
ceive a compensatory subsidy, including

an allowance for profit, in performing
this function. The focused use of inter-

nat cross subsidization, whether by goy'
ernment or by one of its regulator 
agencies, is incompatible with inter

modal competition based on inherent ad-

vantage.
One further point needs to be made

with respect to the allocation of costs

among classes of vehicle. It must be re-

membered that there also exist various

classes of highway, and that one should

expect that the interclass allocation of
costs will differ with highway type. With

this in mind, it can safely be said tha
t

general allocation rules will not exist.

Each case will have to be considered in-
dividually. In this regard, it should be
noted that if the earlier difficulties have
not ruled out retrospective cost alloca-
tion, this one does.

Only after these allocations have been
successfully completed is it possible to
consider the third question, the deter-

mination of the appropriate level of use

charge. This price must be set 
subject

to two constraints. The first is that, for
any class of vehicle, the revenues gell;
erated must equal those costs attributee

to that class. The other constraint
that the nature of the pricing mecha:
nism not be such as to alter the inherent'
advantages of competing modes.
should be obvious that the pricing;
scheme adopted must satisfy both 01
these constraints simultaneously. Mos'
of the received literature suggests one
of two alternatives for price setting.
The first of these involves setting price

equal to marginal cost. The second set
price equal to the s product of marginal
cost and the reciprocal of the coefficien1
of price elasticity of demand. Both musi;
be considered from the perspective o'
satisfying the constraints above.

In evaluating the first alternative, the

crucial question is the relationship b2-,
tween marginal cost and average 00;

cost, for equating price and margin31
cost will not alter the inherent advan-
tages of competing modes. In the Men-
ger-type framework utilized in this pa-
per, only the costs of owning and °per'
ating the infrastructure are relevant 

to

infrastructure pricing. The social cost
of congestion are excluded. In this situ-
ation, for any given capital stock, av-
erage variable costs will constantly de-
cline until the capacity of the facility 15
achieved. Marginal costs are therefore
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less than average variable costs which,
in turn, are less than average total
costs. In this situation, setting price
equal to marginal costs will result in
rrhevenues insufficient to cover total costs.
thUS result will hold for all classes of
liser, and as a result, all classes of users
M receive a hidden subsidy from gov-

ernment in their utilisation of the high-
waY infrastructure. This approach musttherefore be rejected as a pricing mech-
ilism for it fails to satisfy the first of
me two constraints above.
The second usual approach, making

13,riee a function of marginal cost and
elasticity of demand, can be em-

PicTed to overcome the revenue shortfall
,inherent in strict marginal cost pricing.
What emerges, however, is value-of-
service pricing, an approach which re-zillts in the extraction of either pro-
ducer or consumer surplus (depending
4°,Il the class and other characteristics of
:due user). Furthermore, given that price
itsi, now dependent on something more
•"an cost, the approach impinges on the
Inherent advantages of competing modes
a,,,nd thus violates the second constraint
e,",ove. As a consequence, this pricing
'eneme must be rejected as well.
„.,What alternative remains? The one
wnich comes most readily to mind is an
average cost approach. Under this sort
(i3f arrangement, price would be set equal
1° average total cost. On the surface, at

such an approach would seem tosa t such
both of the constraints. How-

er, before the matter can be consid-
;1:,ed in depth, the determination of this
-"erage total cost must be considered in

eat detail. This will be done in thenext two sections of the paper.
b Before proceeding, however, it should
1,e noted that the cost allocations mustfue made on the basis of capital cost be-

theere  installation of the infrastruc-
:le. There are two reasons for this. The
d!:s is the need to integrate the pricing
Tlelsion with the investment decision.
inue benefits of a particular investment
wo highways depend in part on traffic
0;41211, es. These, in turn, depend partly

'ne price charged for the use of the
:"-rastructure. Only where the pricing
Vsld investment decisions are taken atOufe same time is an accurate estimate
4,,,berlefits possible. To this must be
tfl'ued the fact that it is only at the time
lit.e investment decision is taken is it
'elY that there will exist sufficient fa-il'•rdY with the data to permit the
cos?;.' separations. The attainment of theoiective of full user pay is therefore

attainable in the long run, for a
'r°sPective allocation of capital costs
A?Pears impossible. It is therefore ofml importance to ensure that each

new project meets the test of full user
pay. In this fashion, the goal will be
attained gradually, and eventually, each
part of the transportation system can
become financially self-sufficient.

ALLOCATION OF COST:
USERS AND NON-USERS

Highways, streets and roads are 
multipurpose capital assets, built and main-

tained to perform a variety of func-
tions. One of these, clearly the most
important involves the motor vehicle.
Other motives for investment in high-
ways would include land access, military
preparedness, social integration and eco-
nomic development. The impact of these
other factors is to increase the size of
the physical plant beyond that which
would exist in a user-optimized network..
Needless to say, they increase associ-
ated costs as well. On the revenue side,,
however, they do not generate an equiv-
alent increase in traffic volumes. With-
out some allocation of costs to these
non-transportation motives for highway
construction, the imposition of user
charges as a general means of taxation
tends to creep into the analysis. In turn,
this would result in a misallocation of
traffic among competing modes—the
very evil that full user pay seeks to
avoid. Some discussion of the nature of
these non-user costs is therefore ap-
propriate.

•The question of the impact of im-
proved transportation upon land values
is straightforward once the basic inter-
relationships are understood. Highway
investments increase the accessibility to
certain areas. This improved access gen-
erates increased land rents, particular-
ly in the peripheral areas of an econo-
my. When this increase in rents is.
capitalized, it becomes an unearned
increment to those fortunate enough to
possess property rights in the affected
areas. This process tends to occur most
frequently in area adjacent to large ur-
ban agglomerations, and comes about
because of the typical reaction of trans
portation planners to the process of ur-
ban growth and sprawl. As an urban
area grows, congestion develops and
worsens. Instead of imposing congestion
tolls to restrict demand, the adjustment
is made on the supply side. Highway
investments are made to increase ca-
pacity. In turn, this response fuels the
forces driving urban and suburban ex-
pansion, and so the cycle is repeated.
The process is, in other words, a cumu-
lative one. The essential point is that
without this reaction on the part of the
highway planner, the process would be
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considerably weakened. It is the reac-
tion, therefore, which generates part of
the increase in land rents and the con-
comitant increase in capital values. It
is apparent that some fraction of this
unearned increment should be captured
by government to assist in the financing
of the highway project which made it
possible. The location rents so captured
would then be deducted from the total
capital cost of the project as the first
step in the analysis. A collection mech-
anism would have to be developed, but
this would present no real difficulty once
the principle was accepted.
The impact of the economic develop-

ment motive for highway investment is
to advance the construction dates of
particular projects. Put another way,
the physical plant is improved sooner
than it would otherwise be in the ab--
sence of the development effort. In ad-
dition, it might be noted that there is
at least the possibility that standard of
construction will be higher. Both factor 
impose costs on current users of the net-
work beyond the costs which would ex-
ist in their absence. The solution to the
problems created by the first develop-
ment motive is best dealt with by means
of a simple example. Suppose that, as a,
result of the economic development mo-
tive, the construction of a particular
highway project is advanced by five
years. If the project has a capital cost
of $10 million, and the real rate of time
preference is 4 percent, the present
value of the project to current users is
$8.22 million. It is this cost which should
be allocated to users, while the balance,
$1.78 million, should be allocated to
non-users. An adjustment is also neces-
sary in the other case. The cost of the
higher quality facility will already have
been estimated. What remains to be
done is to estimate the cost of the facil-
ity which would be installed in a user-
optimized system. Only the cost of the
latter would be allocated to users, while
the difference between the former cost
and the latter would be funded from
general revenues, or perhaps from the
economic development budget.
The military preparedness motive for

highway construction is best handled in.
essentially the same fashion as the qual-
ity impact of the economic development
motive. The cost of the project, in the
absence of the military motive, would be
simulated, and this portion of total cap-
ital costs would be allocated to trans-
portation users. The balance would then
be financed from general revenues or
from the defense budget.
The impact of the social integration

motive for highway construction is
somewhat more difficult to assess. Part

of the difficulty can be overcome by re-
membering that there are three levels of

transportation policy. The first of these
is to fulfill a basic social need, to con-
nect an area with adjacent areas. The
second level relates to the laying of the
groundwork for economic development.

The third level of policy involves the
construction of specific projects in spe-

cific areas, generally to meet specific
needs. It is the first which is of interest

here. Some portion of the highway cap-
ital stock in any area can be regarded

as fulfilling this basic social need. Some,
perhaps small, adjustment must there-

fore be made to highway capital stock.

to incorporate this motive into the anai
ysis. In the case of new construction,
the question need only be asked as to,
whether this motive is still present. .11
the answer is affirmative, some portion

of the cost of the project must be allo-

cated to non-users. A negative answer.,
of course, means no such allocation 15
necessary.
In passing, it might be noted that i1. is

highly unlikely that general allocatio.n

rules for performing these analyses will
exist. Most probably, each case will have
to be treated on the basis of its own
merits. While this complicates matters

for the analyst, the outcome should be a
more accurate determination of the
costs attributable to the various non-
user motives for highway construction.

Clearly, this approach to the alloca-
tion of costs between non-users and
users is different from those which have,
been used or suggested in the past. 11'
offers a number of advantages. The first,
of these is that the motor vehicle is nOb
a consideration in making the non-us
user cost allocation. A second advantage l5
that the allocative mechanisms function

independently of whether or not the
components of the highway system are,
being operated at a "profit." In both .01
these respects, it overcomes deficiencie.5
of past approaches. In addition, since 1!
considers each project on the basis 01
its own merits, it appears to force 0.
more disaggregated approach than d°
the earlier methods. This must be con-

sidered an advantage as well.

ALLOCATION OF COST:
CLASSES OF USER

The capital costs which remain aft,ei:
the allocation to non-users form tir
basis for the next stage in the ana,i:
ysis—the allocation of capital cc's.'
among the various classes of user. Th.15,
of course, is the second question whlch

must be considered in the determinatior
of the optimum level of user charge5'
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Utilization of capital cost as •the basis must, at the minimum, be both time andfor the allocation permits the construc- location specific. Given this point, theton, via a perpetual inventory method, second objection loses its validity.
of a highway capital stock• for which a The incremental cost approach beginsgiven class of vehicle is responsible. A by defining the cost of a basic road, oneMajor advantage of this approach is which is capable of carrying a small vol-that it permits an annual updating of the ume of light traffic. The tendency, onecapital stock figures at this disaggre- which appears theoretically unsound, isgative level. This would, in turn, fore- then to pro rate the costs associatedstall the necessity of engaging in a suc- with this basic road across all classes ofcession of cost allocation studies as in traffic. It appears that this step is takenthe past. It need hardly be mentioned because the basic road accounts for anthat the analysis must be carried out in overwhelming proportion (as much asreal terms, and the user fee which ulti- two-thirds) of the capital cost of a high-
111: atelY emerges must then be converted way. This point aside, the approach doesalto nominal terms through the appli- recognize that different highway userscation of an appropriate price index, do place differing demands on the facili-4. Broadly speaking, there would seem ty. It recognizes, furthermore, that
'3 be two approaches which could be there are differing costs associated withemployed to allocate capital cost respon- these differing demands. Costs above

AsibilitY among classes of user. The first and beyond those of the basic road are,

Which capital 
is the benefit principle under then allocated to the particular vehicle

Arjch capital cost would be allocated on class which necessitated their incur-
ie basis of the proportion of user ranee. Such an approach is intuitivelybenefits received from a particular attractive. Yet in practice, there is at

Project. The alternative would be to em- least one major pitfall.
PloY some type of incremental cost ap- In evaluating the incremental cost ap-133r°ach. In this case, the capital cost to proach, it is important to recognize thate borne by a particular class of vehicle capital costs rise with not one, but rath-Would be determined on the basis of the er with two factors. Capital costs in-osts incurred by government in provid- crease with vehicle size and weight. The,,lnig for the infrastructural needs of that interrelationship has received much at-"ass vehicle. Both approaches have the tention in the literature. Capital costs
".111mon advantage of focusing on indi- also increase with rising traffic volumes.
retically valid approach.
viclual vehicle classes, the only theo-

• 
This volume parameter seems to be fre-
quently neglected in the literature. Yet,

I The benefit principle is attractive be- it is of overwhelming importance in ur-ause of the ease with which it could be
; 

ban areas. However, its importance as
Utilized. Most, if not all of the required an escalator of highway capital costs isaorialy.sis will have already been carried clearly shown in some early work com-
\* in the investment analysis stage. pleted by Ross.9 He found that with a
i„i!at would remain would be the calcu- traffic volume of 2000 vehicles per day 

of ratios of benefit by class to the capital cost per mile of a facility de-total benefit and the allocation of capital signed for heavy vehicles (defined as
3 a()StS on the basis of those ratios. This 14,001 to 18,000 pounds per axle) was
3 ticlivantage would, of course, be lost in only about 1.5 times the capital cost of

circumstances where no invest- a facility designed to accommodate ha-
analysis is carried out. sic vehicles (defined as those with an

t Critics of this approach tend to dis-rniss axle weight of 6000 pounds or under).if the t for two reasons. The first of On the other hand, with only the basic
ix se s that benefits cannot really be vehicle included, capital cost increased

9 
laeasured with any degree of accuracy. by almost 2.7 times when traffic volumes

- 
truth 

there is a substantial amount of rose from the range 300-750 per day to
r.,1!th in this statement, it must be the 2000 per day volume. Given that
clnted out that estimates of the vol- capital costs increase with both increas-InxIles of benefits are employed in deter- ing vehicle weight and with increasing
williing the viability of investments, and traffic volumes, there arises an appar-
0 °111c1 have equal validity here. The sec- ently insurmountable difficulty of sep-p 

objection frequently voiced is thatr arating the one force from the other.
I.A.use precludes the role of price as a It does no good, as the incremental coste
hold device. This objection would approach usually does, to circumvent thel- ilosid only in those cases where a single difficulty by focusing only on the rela-5

Contemplated 
charge/congestion toll was being tionship between weight and capital

tb"'emplated. However, as noted above,li cost.se two aspects of the price finally Given the problems with the incre-
ged to users need to be separated. mental cost approach, one is left with

0

Properly structured congestion toll the benefit approach of cost allocation.
5.
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However, there are problems with its
use which make it less than ideal. TO
begin with, it brings the analysis un-
comfortably close to the notion of a 'just
price.' On the other side of the coin, this
may not be as serious a problem as ap-
pears at first glance, for much of the
debate about user pay is couched in
terms of 'fair shares.' More serious are
objections such as those offered by
Lee.10

Lee suggests that the use of the bene-
fit approach implies a compensatory
payment among vehicle classes for each
and every change in vehicle mix. Were
the analysis carried out only periodical-
ly, and at the macroeconomic level, this
would be a valid criticism. What seems
to be forgotten in all of this is the fact
that it is a specific vehicle mix which
leads to the investment taking place.
Furthermore, given that the vehicle mix
will change slowly through time, that
the present approach involves an annual
updating and re-estimation of the user
fee on a vehicle class basis, and that
specific investments frequently are the
result of the needs of particular classes,
the argument is weakened considerably.
On balance, the weight of evidence lies
on the side of the benefit principle
where the alternative is the incremental
cost approach.

It will be noted that nothing has been
said about the allocation of cost respon-
sibility within classes of vehicle. For the
purpose of establishing the basic user
fee, it appears best to treat individual
vehicle classes as a unit, and to make
payment proportional to facility usage.
Intra-class concerns relate primarily to
questions concerning the time and/or lo-
cation of vehicle usage, and the social
costs thus imposed. In turn, this, once
again, suggests some confusion concern-
ing the role of a congestion toll. Con-
gestion pricing must be dealt with sep-
arately from the question of the basic
user charge.

In summary, the proposed approach
invloves the allocation of user capital
cost responsibility among classes of ve-
hicle through the use of the benefit prin-
ciple for each project. The results of
these cost separations can then, through
the use of a perpetual inventory model,
be combined to generate a capital stock
responsibility for each vehicle class. In
turn, as discussed in the following sec-
tion, this capital cost becomes the basis
for the estimation of the optimum user
fee in each time period. Attention must
now be turned to the mechanisms for de-
termining the charge for the basic use
of the highway infrastructure.

RESEARCH FORUM

SETTING THE
BASIC USER CHARGE

This section of the paper utilizes the

capital stocks generated above to deter-

mine the user charge for the 
various

classes of vehicle using the facility. The

initial step is to convert the capital
costs into an annual figure. Once this

has been done, some attention is d
evoted

to the question of traffic flows. Finally 

these two elements are combined to 
de-

termine the optimum level of user
charges. Three alternatives are consid-

ered. The first involves the recovery 0f
annual costs each year. The second ex-
amines the consequences of recovering,
annual costs only at capacity levels oii
utilization of the system. The final al-
ternative changes the focus and con-

siders costs and revenues only over the
life cycle of a facility.

In estimating the annual costs, foul
elements of cost must be considerea•

These are: administrative costs, m
ainte-

nance costs, depreciation and the opPor:
tunity cost of capital. Of these, the firs',
third and fourth are independent of 

the

volume of traffic in the aggregate,

though not (obviously) independent of

the cost per vehicle mile. Maintenance

costs are partially a function of usage,

but are partly independent of traffic vol'
ume as well. Each of these must be dis-

cussed in turn.
Initially, one might be tempted t°

simply incorporate historical adminis-

trative and maintenance costs into 
th 

analysis. However, given the time 
per-

spective of the paper, where future tinie

as well as past time is included, sorne

other means must be found. One alt
er:

native would be to forecast the histori
cal

data. However, there is a better WaY•
Rules of thumb which relate future acr

ministrative and maintenance costs t°

capital costs are frequently employed ill

investment analysis. This is a more
fruitful approach to adopt here. C

learlY,

historical costs would be a useful aid ill

determining the relevant ratios. D3t,ia'
from elsewhere would be useful as vvv,',,L
Administration costs can be dealt
quickly. They are held to be a cons

tant'

proportion of the gross capital stock at,'

tributed to each class of vehicle, 
botn

expressed in real terms. Maintenance

expenditures are somewhat more corn-
plex and require further discussion.

Maintenance expenditures can be sub-

divided into three categories—those

which are attributable to the non-user'

those which are independent of the
tor vehicle vehicle for other reasons, and t

hose

which can be technically attributable t°

specific vehicle classes. With the exceP-
tion of controlled access highways, soul'
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1:)Tnponent of the annual highway
Tnaintenance budget is expended to pro-
vide access to land. Driveway culverts
would be the most important example.
Much of the remaining maintenance is
time associated rather than use associ-
ated. The costs of ditching, striping,
Maintenance of signs and lighting and
ti;e Painting of structures are all exam-
Pies. Snow removal expenditures, while
not fitting this category, is not really
vehicle associated either. Only the main-
enance of the surface course can, strict-

'Y speaking, be attributed to specific ve-
hicle classes. Even here, the problem is
,cornpHeated by the fact that there ex-
'sts a trade-off between initial capital
cost of a facility and the annual main-
tenance it requires. The first category
?f maintenance costs can be simply de-
leted and charged to general taxation.
The second category, plus snow remov-al, is largely a function of the size of
the highway network and can be dealt
w,ith by determining a ratio to capital
,,"°ck by class of vehicle. The final cat-
'gory is best treated incrementally by
Yehicle class, though once this is done,
lt can 
weii be ratioed to capital stock as

pepreciation expenses are a straight-
rward matter. Annual depreciation
t9r a single facility considered in isola-
'I" is simply its initial capital cost less

scrap value divided by its useful
'slfe. The system, being an aggregate of

Ileh projects is simply a weighted ex-
it se total. It should be obvious that

is amount can be reduced to a vehicle
e'ass basis without difficulty. The op-
Portunity cost of capital differs from de-
Dreciation only in that it is based on
tei Pital stock net of depreciation rather
iluan gross capital stock. It should be
; (Ited in passing that since the analysis

carried out in real terms, a real op-
;•:°rtunity cost of capital must be uti-,ized.

8 The total annual cost of the highway
tCtein for any given class of vehicle is
co,n simply the sum of these four cost

ments
eliWith respect to the revenue side, user
arge revenue is simply the product of

("° things: the level of the user charge
v̀a,Parameter to be determined) and the
u°111Tne of traffic. Volume depends on the
Oer fee and a host of exogenous fac-
evrs• Among the latter would be real in-
a°111, es, the prices of competing modes,
1,11u the cost of energy. Their impact will
ue through an impact of the rate of

4
frowth in traffic. In the present paper,
)3 the sake of convenience, traffic will
,e assumed to grow at the constant pro-vortionate rate v.

he first method of setting the level

of user charges, full cost recovery every
year, does meet the test of full cost re-
covery. For a single project considered
in isolation, at least, the approach cre-
ates problems. In this case

' 
total annual

cost will decline through time, largely
because of the decline in the opportuni-
ty cost of capital. With increasing vol-
umes, this implies a declining user fee
over time. Failure to adjust the user fee
would be to employ it as a means of gen-
eral taxation. At the system level, the
same result holds where the real rate of
growth of revenues exceeds the real rate
of growth of annual costs. If the former
expands at 7 percent, the latter expands
at 5. percent, and initially revenues are
70 percent of costs, it will take between
19 and 20 years for revenues to catch
up.
The fundamental problem is that the

approach does not adequately take into
account the impact of excess capacity in
the early years of a facility's life. Users
are presented with a physical plant, and
hence a cost, beyond their present de-
mands. The approach would overcharge
users in the early years, undercharging
them in the later years. Finally, the ap-
proach is incompatible with the desire
to ration the highways through conges-
tion pricing. This system, in fact, in-
creases congestion problems through di-
verting traffic by decreasing price. For
all of these reasons, the approach must
be rejected.
The second approach, recovering full

costs only at capacity levels of utiliza-
tion, can be rejected out of hand. It fails
to meet the test of full cost recovery,
and consequently involves a hidden sub-
sidy to the users of the infrastructure.
It does have one positive aspect. Since
it does involve a user charge which in
real terms is constant through time, it
does not result in the congestion compli-
cation of the first approach.
The third approach considers the re-

lationship between costs and revenues
from the perspective of the life cycle.
For a single project, annual costs for
each year in its lifespan are estimated,
discounted to the present and summed.
The same procedure is followed for traf-
fic volumes. The former is then divided
by the latter to determine a user fee
which is held constant over the life o 
the facility. All costs, including the in-
terest payments on the early year defi-
cits, are recovered in that period. The
congestion problem noted above is
avoided, for the real fee is constant
through time. It should be noted that an
annual cost-revenue comparison is not
made for any year. In this framework,
such a comparison would be irrelevant.
At the level of the highway system, the
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same approach is followed with a single
change. At the system level, the user
fee must be recomputed annually to re-
flect the fact that the highway plant is
expanding.
A practical example for a single fa-

cility may serve to clarify some of the
issues. Suppose there is a single class of
user whose capital cost responsibility is
$1.0 million for a facility with a useful
life of 10 years. Initial traffic volumes
are set at 3.5 million vehicle miles, and
the growth rate is 5 percent. The real
discount rate is also 5 percent. Adminis-
trative costs might be 2 percent of cap-
ital costs, maintenance might be 5 per-
cent, depreciation would be 10 percent
given the ten-year useful life, and the
opportunity cost of capital 5 percent.

The total annual costs would then be 22
percent of capital costs each year.

If the first method of setting the user

fee were adopted, the initial level of user
fee would be 63 cents per vehicle mile.

In the final year, it would be 3.1 cents

per vehicle mile. Over the life of the fa-

cility, the total costs of $1.075 million

are recovered, so there is no hidden sub-

sidy to users. Traffic would, however, be

diverted from other roads or modes in-

creasing congestion difficulties.
In the second case, the user fee would

be a constant 3.1 cents per vehicle mile.

However, the accumulated deficit at the

end of the period would be $5.438 mil-

lion, or 27.5 percent of the total annual

costs incurred. This, of course, repre-

sents a substantial hidden subsidy to

users. It is this ?hidden subsidy which

causes the rejection of the approach.

The third method of setting the fee

results in a user charge of 4.4 cents per

vehicle mile, a charge constant over the

facility's life. Total costs, including the

imputed interest on the early year defi-

cits, are recovered so there is no hidden

subsidy to users. Because the fee is con-

stant, there is no tendency to increase

the pressures of congestion as the fa-

cility moves toward the end of its use-

ful life. On balance, this approach is the

best one to employ in establishing the

level of user charges. There are early

year deficits, but these reflect the exist-

ence of indivisibilities and excess capaci-

ty early on. They do not imply a hidden

subsidy to the user. There are late year

surpluses, and again, it must be noted

that these simply reflect the indivisi-

bilities and excess capacity problems

above. They do not imply the applica-

tion of user charges as a means of gen-

eral taxation. This third approach has

clear advantages over the others and

should be adopted.
Two other points need to be made.

The first of these is that for each level

of capital stock, traffic volume and niix,
and traffic growth, there exists an op-
timum set of user charges. Where ex-
pansion occurs, as it inevitably does, the

user fee must be recalculated. The proc-

ess is straightforward. For each year
highway, investment projects, capital

cost must be allocated. The first allo-

cation is between users and non-users.

The balance of capital costs is then al-
located among classes of user. For each

class of user, this capital cost is added

to the existing gross capital stock, and
there is an equivalent dropping of the
worn out capital stock. The result is .3
new estimate of capital stock, and this.

forms the basis for the calculation .of
the revised user fee. The current validity

of the four cost ratios must be checked,
and revisions made where necessarY•

Once this is done, the total annual Cos;
streams are calculated, discounted anu
summed. The same process is followed

on the traffic volume side. The user fee,
which is held constant within the year,
is then estimated. Following this proce-

dure, the groundwork is laid for full
cost recovery in the future. The second

point to be remembered is that the anal-
ysis is to be carried out in real terms.
The resulting user fee would then have
to be converted into nominal term. 5
through the use of an appropriate price

index.

SUMMARY AND CONCLUSIONS

This paper has considered the ques-

tion of user pay in isolation from other,

closely related aspects of transportat!on

policy. It has argued that, in dealing

with this question, it is not sufficient t°

consider time only in historical persPe7
tive, but that future time must be ln"
eluded as well. The inherent tendenc3:

toward excess capacity in the highvin)
network was discussed, and the need fo 
taking account of this problem in 

set-

ting the level of user fees stressed. .
It was argued that the initial step in

the determination of the level of 11,3el
1

fees must be the allocation of capita

costs between users and non-users. Sev-

eral means of performing this alloca:

tion, all of which were independent 01

the motor vehicle and related to thie
non-user requirements, were discuss.ea•

It was concluded that general a
llocation

rules do not exist and that each ease
must be treated on its own merits. ,
The next question considered was tne

allocation of costs among classes of ye'

hide. Despite its numerous short-eon'
ings, it was argued that the best alio

-,

cator to employ here was the ratio 01

benefits received. After these alloca-

tions have been made, they are accu-
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mulated, using a perpetual inventory
Model, into capital stock estimates by
class vehicle. In turn, these capital stock
estimates form the basis for the esti-
tnation of total annual costs.
After a brief discussion of the rev-

enue side of the question, the paper ex-
plored three methods that could be ern-
Pjoyed in setting the level of user fee.
Both the annual equating of annual
costs and revenues and the equating of
annual costs and revenues at capacit3r
levels of utilization were rejected be-
cause of some problems they created. It
Was argued that a lifecycle approach, in
Which total costs are recovered only over
the lifespan of a facility, offered over-
whelming advantages and should be
adopted.
Finally, it was pointed out that, in the

?seal world where highway capital stock
ls expanding, it is necessary to recal-
culate the user fee annually. It was also
noted that, since the analysis must be
carried out in real terms, some price in-
dex must be found to permit the con-
liersion of the user fee into nominalera-is. Specific price indexes, however,
Were not reviewed.

FOOTNOTES

1 For a discussion of Menger, see: George J.
Stigler, Production and Distribution Theories,
(New York, MacMillan, 1941), pages 136-147.
2 K. Bhatt et al., "Review of Road Expendi-

tures and Payments by Vehicle Class: 1956 to
1975," Transportation Research Record 680,
(Washington, TRB, 1978)
3 For example, see: R. McGillivray et al.,

"Toward Rational Road-User Charges," Trans-
portation Research Record 680, (Washington,
TRB, 1978)
4 See for example: Steven A. Morrison, "The

Structure of Landing Fees at Uncongested Air-
ports," a paper presented to the Canadian Eco-
nomics Association, June, 1982.
5 Z. Haritos, Rational Road Pricing Policies in

Canada, (Ottawa, Canadian Transport Commis-
sion, 1973).
6 R. McGillivray et al., Op. Cit.
7 See, for example, A. D. LeBaron, "The The-

ory of Highway Finance: Roots, Aims and Ac-
complishments,' National Tax Journal, 1963.
• 8 R. W. Harbeson, "Some Unsettled Issues in
Highway Cost Allocation," in Kleinsorge (Ed.),
Public Finance and Welfare.
9 W. B. Ross, Financing Highway Improve-

ments in Louisiana (Baton Rouge, 1955) as re-
ported in J. R. Meyer et al., The Economics of
Competition in the Transportation Industries,
(Cambridge, Harvard University Press, 1964)

10 Douglass B. Lee, Methods for Allocating
Highway Costs, U.S.D.O.T. Staff Study 53-24-
U.3-181, (Cambridge, U.S.D.O.T. Transportation
Systems Center, 1981)




