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Recent Advances in Highway Cost Allocation Analysis 
DOUGLASS B. LEE 

A wide range of proposals has been advanced over the last two decades to deal 
with the general problem of cost allocation, but highway cost-allocation prac­
tice has stuck to a relatively narrow framework of equity. The choice at the 
present time is whether to continue to treat highways as a tax-supported public 
service or to recognize that the highway system is a major economic enterprise. 
Recent policy shifts in transportation and in other sectors strongly suggest that 
highway user charges be designed explicitly to meet efficiency as well as equity 
objectives. 

Highway cost allocation has been confronted in the 
past as a problem of how to raise revenues from 
selected groups of taxpayers so as to meet a given 
budget in a fair and equitable manner C.!l. Econo­
mists have urged that the problem be viewed as one 
of pricing highway services in order to achieve ef­
ficient use of scarce resources Cl-&_), but this 
perspective has never explicitly been put into 
practice. Current efforts seek to integrate the two 
approaches in a way that will preserve the best of 
both Cl-2.l. 

CRITERIA FOR SELECTING AMONG USER-CHARGE STRUCTURES 

Normative standards against which to evaluate 
user-charge instruments and rates are fundamentally 
two: efficiency and equity (10,11). A third cri­
terion can be the effectiveness with which stated 
goals are achieved, but the goals themselves usually 
relate to selected aspects of efficiency or equity. 

Efficiency 

Although efficiency is not mentioned in the congres­
sional mandate (Surface Transportation Assistance 
Act of 1978, Sections 506 and 507) for the federal 
highway cost-allocation study now under way, effi­
ciency considerations are strongly implied. The no­
tion that vehicles should pay for the costs they oc­
casion is described as equitable, but it is also ef­
ficient that they do so because it encourages them 
to reduce these costs and make sure that the bene­
fits they derive are greater than the costs created. 

Short-run efficiency assumes a given set of capi­
tal facilities and seeks ways to secure the best 
possible utilization of those facilities. The theo­
retical mechanism for this optimization is pric­
ing--interpreting the concept of a price broadly to 
include such factors as travel time and risk of ac­
cident, as well as user charges. Highway-user 
charges are the most direct means for achieving 
short-run efficiency with respect to the highway 
system. 

Long-run efficiency deals with finding the best 
program of investment in fixed facilities while also 
satisfying the short-run efficiency criterion. Ana­
lytically, the path to long-run efficiency is fol­
lowed by first comparing the incremental costs and 
benefits of alternative projects and then investing 
(or disinvesting) in the appropriate links of the 
highway network. Although user charges inevitably 
have an influence on the actual pattern of mainte­
nance and investment, the theoretical linkages are 
indirect. 

The concern addressed by equity is the distribution 
of costs and benefits among groups within society. 
In contrast to efficiency, equity is a term that is 

frequently mentioned, yet one that provides very 
little positive guidance. It is essential that the 
redistributional impacts of alternative user-charge 
schemes be thoroughly illuminated, and the imposi­
tion of equity constraints on efficiency solutions 
will be necessary both analytically and politicallyi 
however, there is no hard and fast way to assert 
that some user charges are equitable and others in­
equitable. Equity is inherently a matter of politi­
cal choice, although technical analysis can con­
tribute to the political debate by formulating 
equity constraints and displaying their conse­
quences. For example, the requirement that users 
pay the full costs (or some prespecified share) is 
an equity constraint. 

Horizontal equity is most directly related to 
popular ideas of fairnessi it urges that equals be 
treated equally. Vehicles in equal circum­
stances--from the standpoint of the highway pro­
vider--should be charged equallyi however, there may 
be instances in which price discrimination is useful 
for achieving other efficiency and equity objec­
tives. Vertical equity describes the distribution 
of net gains among income classes, a factor of major 
concern but one on which highway-user charges have 
only a minor impact. Equity impacts are of prime 
interest in designing user charges, but equity ob­
jectives only make sense in conjunction with effi­
ciency objectives. 

THE NEED FOR AN IMPROVED FRAMEWORK 

Earlier studies have agreed that some share of high­
way costs should be borne by users, that using 
"cost-occasioned" distribution is a fair way to al­
locate costs among users, that the amount of cost 
occasioned by a vehicle class can be determined by 
disaggregating items of expenditure and assigning 
them to vehicle classes, and that equity lies in the 
method for allocation rather than in the distribu­
tion of the tax burden it produces. An algorithm 
known as the incremental cost method has been popu­
lar in recent studies, but there is very little pro­
fessional consensus on which are the best methods 
for the practical determination of highway-user cost 
responsibilities. The incremental cost method takes 
as its starting point a basic highway, usually one 
designed for automobiles alone. Additional classes 
of vehicles cause additional increments of cost, and 
these increments are apportioned among the members 
of each class. 

A thorough exposition of these concepts and 
others that have been considered at some point for 
use in highway cost-allocation analysis would be an 
enormous and not very rewarding task. Without ex­
ception, the methods are ad hoc and unsupported by 
theory. Unfortunately, there is no pragmatic test 
for these methods that would tend to select the 
workable ideas from the mistaken ones, so the ab­
sence of theory is a serious handicap to improve­
ment. Without an attempt to criticize previous ef­
forts, some arguments can be offered for rethinking 
the overall framework within which highway-user­
charge analysis is conducted. 

1. Efficiency should be explicitly recognized: 
It has already been noted that payments in accor­
dance with costs occasioned can be consistent with 
an efficiency goal. Many other policies that re­
late to highway transportation, e.g., reduction in 
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fuel consumption, deregulation of trucking to en­
courage competition, and the cost-benefit evaluation 
of highway investment projects, imply an efficiency 
orientation. Failure to incorporate efficiency con­
cerns on the pricing side seems pointlessly myopic. 

2. Equity is too ambiguous: Fairness, or 
equity, even when applied as rigorously as possible, 
is a criterion that relies very heavily on value 
judgments and leaves a great deal of room for dis­
cretion. The costs of climbing lanes, for example, 
can be assigned to light vehicles or to heavy ones, 
depending on whether the starting point for analysis 
is taken to be an automobile or truck highway. 
Fairness can be resolved politically in such a man­
ner, but planners should recognize that a pure 
equity approach does not lead to technically stable 
answers. Much of the previous highway cost-alloca­
tion work reveals the underlying ambiguity by drift­
ing superficially over numerous alternative concepts 
or by being inflexibly arbitrary. 

3. Intermodal policy should be consistent: De­
regulation is proceeding in the airline and railroad 
industriesi minimal user charges have been initiated 
for inland waterways. In all of these actions, 
intermodal price competition was an important con­
cern. Electric power, telephone, postal service, 
and intercity bus enterprises face similar types of 
problems, and there is no reason for highway policy 
to stand out as incompatible with the concepts used 
in analogous industries. Whatever policy direction 
is taken next, private transportation modes and 
publicly owned modes should be priced comparably and 
treated analytically as similar sorts of beasts. 

DESIGN OF A HIGHWAY COST-ALLOCATION STUDY 

Al though precise methods and techniques are still 
incomplete, the outline of a reasonably robust con­
ceptual framework can be presented at this time. 
The problem of federal user charges will be taken as 
a prototype, the same framework being also applic­
able to state user-charge studies. Much of the 
knowledge gained from previous cost-allocation 
studies, as well as parallel work in related fields, 
will prove to be useful, but there are also many 
areas in need of further development. In the fol­
lowing, the cost-assignment problem rather than the 
selection of user-charge instruments will be empha­
sized, in part because the choice of instruments de­
pends on empirical and pragmatic matters that are 
too detailed for general treatment 

An outline of the problem (Figure 1) indicates 
the major tasks to be accomplished. Costs should be 
broken into (a) variable and (b) fixed, variable 
costs being those on which variable user charges 
(e.g., fuel tax, weight-distance fees) are based. 
If these charges do not raise sufficient revenues to 
cover costs, then a residual will remain that can be 
met from access charges (e.g., registration fees) or 
general revenues (e.g., property taxes). Because 
practical realities will force many compromises, 
both the prices and the assignment of residual costs 
will need to be evaluated (in the form of a number 
of alternatives) against efficiency and equity cri­
teria. Once a workable set of user charges has been 
constructed, the federal portions of these charges 
can be broken out and matched against the budget. 

Total Costs 

In general, expenditures and costs are not the same 
thing. Even if expenditures represent the social 
value of the particular resources covered by the ex­
penditure, many costs do not appear as expenditures. 
Some examples are (a) exemption from paying a tax 
and (b) no interest charged on capital funds. In 
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addition to capital and maintenance expenditures, 
the following costs should be tabulated. 

1. Hidden costs: Some costs appear in public 
budgets but not in the budget of the agency respon­
sible for highway expenditures. Vehicle code en­
forcement and traffic control may be hidden in 
police budgets, electricity consumption may be 
buried in a utility budget, and payroll administra­
tion may be centralized rather than included in the 
transportation agency budget. 

2. Negative externalities: Negative externali­
ties in the form of air pollution, noise, water pol­
lution, and other unpriced effects on the physical, 
natural, and human environment constitute real costs 
to society. Even though we may never be able to 
place accurate dollar values on these costs, present 
policies can be (and are being) improved on by a 
recognition of such costs. 

3. Interference costs: Private costs in the 
form of delay time, vehicle wear, fuel, and acci­
dents are relevant to the correct pricing of highway 
services. These relationships will be explained 
below. 

4. Tax expenditures: Exemption of fuel from 
general sales taxes and exemption of highway 
property from local property taxes result in a 
favorable treatment of highways in comparison with 
other activities that are not exempt. To the extent 
that these taxes pay for general government services 
(as opposed to income transfers), highway users are 
being subsidized by those engaged in other 
activities. 

5. Interest forgone: The pay-as-you-go philos­
ophy, in which each year's expenditures are matched 
with the same year's revenues, hides the fact that 
investea capital has an opportunity cost represented 
by the rate of return (i.e., interest) that the 
money would earn in another activity. Money spent 
from the Highway Trust Fund does, in fact, lose the 
interest it would be earning if left in the fund. 

Theory tells us that the price charged for use of 
the highway should be equal to the (short-run) mar­
ginal use cost. If less is charged, the user may 
not value the use as much as society values the re­
sources used upi if more is charged, some potential 
users are deterred, even though they would gain more 
from the travel than it costs society. This prin­
ciple only applies to charges, such as a fuel tax or 
a weight-distance tax, that vary directly with 
usage. Access charges (such as an annual weight 
fee) and general taxes are subject to different con­
siderations. Partly because of the particular 
nature of variable highway costs and partly because 
of the general tendency for variable charges to be 
more costly to administer than access charges, the 
design of practical mechanisms for imposing correct 
prices on highway users presents a major challenge. 

1. Pavement damage: Probably the most easily 
accepted basis for user charges is pavement wear i 
there is a clear connection between expenditures and 
the cost imposed by particular vehicles. Additional 
empirical research is needed to better establish the 
relationship between axle weight and the cost of 
damage to a particular road, but a solid information 
base has been developed (12,13). The preferred user 
charge would be a weight-distance fee based on 
equivalent single-axle load repetitions for each 
vehicle, but some approximation based on averages 
will undoubtedly be necessary for most vehicle 
classes. 

2. Interference costs: The concept of the con-

-
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Figure 1. Outline of federal highway user-charge determination. 
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gestion toll has been known for some time; numerous 
direct and approximate means for collecting it have 
been proposed. With the exception of a few bridge 
tolls that vary with time of day and direction, no 
highway-user charges in the United States are in any 
way related to congestion. 

Interference costs include such congestion-re­
lated costs as accidents between vehicles, excess 
vehicle and tire wear, and excess fuel consumption, 
as well as travel delay. In contrast to pavement 
wear, interference costs rise in the short run 
(i.e., on a given highway) with increases in vehicle 
volumes of travel, which results in a deviation be­
tween the marginal social cost of travel and the 
price paid by the user. The price paid by the user 
is in the form of delay time and other private con­
gestion costs, rather than in the form of a money 
price. Because marginal cost is above average cost, 
a price (or toll) needs to be charged (presumably by 
the facility operator) to bring congestion down to 
the efficient level. The relative contributions of 
different vehicle types to a congested traffic 
stream can be measured in passenger-car equivalents, 
a measure of road space effectively occupied by a 
vehicle of a given type under given terrain, 
vehicle-mix, road-type, and congestion conditions 
(14). 

Congestion pricing is not taken very seriously by 
noneconomists, apparently on the basis of the twin 
notions that congestions is (a) something that is 
confined to users and (b) not a real cost anyway. 
Yet congestion reduction is regarded as a real bene­
fit when expenditures for additional h i ghway capa­
city are evaluated, i.e., when money is spent for 
the purpose of reducing congestion. From a theo­
retical perspective, congestion pricing is the only 
efficiency rationale for recovering any of the fixed 
costs of highway construction and maintenance (5). 
In the case of telephone calls, for example, a con­
gestion toll is reflected in the price per minute 
during peak (business) versus off-peak periods. The 
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telephone system is subject to large fixed costs 
(the capacity and extent of the network cannot be 
varied by time of day), and the marginal cost of in­
puts is not significantly greater during peak 
periods. Thus, the peak premium is a measure of the 
opportunity cost of not having time available for 
some potential user. The important difference be­
tween telephone calls and highway travel, however, 
is the relative ease with which the telephone caller 
can be charged according to time of day and duration 
of call. 

3. Externalities: The imposition of noise, 
asbestos dust, fumes, litter, and the like on per­
sons who have not been compensated for these in­
juries by persons who are not required to pay an 
emissions or damage charge can be regarded as a 
"taking" by the polluters from the pollutees. In 
legal terms, the perpetrators of the externalities 
should be required to purchase pollution rights or 
easements in order to engage in polluting activi­
ties. Efficiency clearly calls for highway users to 
pay a charge for the externalities they create (15) 
according to the amount and nature of the damage 
caused so that the correct charge will be a function 
of use and emission rate. 

Besides the lack of precedent, implementation of 
externali ty charges is hindered by the facts that 
the damage caused varies by location and vehicle 
type and that it is difficult to place a value on 
the damage. We should be able to improve, however, 
on the price of zero that is currently charged. For 
example, the cost of noise barriers could be col­
lected from motorists along all highways wherever 
barriers are or should be constructed. 

4. Other variable costs: Annual operating costs 
that bear some rough relationship to volume of use-­
highway and traffic police, management and adminis­
tration, and perhaps snow and ice control--can be 
collected on a variable-charge basis. The relative 
magnitudes are small and the efficiency incentive 
negligible, so the precise instrument is not of 
critical importance. 

Residual Costs 

Under conditions of constant returns to scale, opti­
mal investment in capacity, correct marginal-cost 
prices, and a "first-best" world, revenues from 
highway users would exactly equal long-run costs. 
Both variable and fixed costs would be fully re­
covered without the necessity of ever contemplating 
the allocation of any fixed-cost components. Con­
gestion tolls would generate enough of a surplus 
over variable costs in the short run to pay the 
fixed costs in the long run. Under ideal condi­
tions, the above revenues would completely solve the 
cost-allocation problem. 

With reasonable confidence, we can assert that 
none of the ideal conditions are satisfied with re­
gard to the U.S. highway system at the present time, 
and the likely direction of devation from the ideal 
is to lead toward a shortfall between costs and 
revenues from efficient user charges. If no conges­
tion tolls are imposed, revenues cannot be expected 
to recover fixed costs, and empirically, user reve­
nues of all kinds are less than total public ex­
penditures on highways. We are left, then, with an 
awkward problem. 

Before considering how to approach the problem of 
residual costs, we can make sure the problem is 
minimized by taking advantage of variable cost 
pricing to the fullest extent in the following ways. 

1. Even though congestion tolls are not actually 
levied, in the ideal sense, congestion or inter­
ference costs can be a basis for setting some other 
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user charge, even an access charge. If it is known 
which vehicles are responsible for congestion or in­
crease the risks of accident, user fees can be im­
posed on those vehicles. Untying the charge from 
the actual amount of congestion removes the effi­
ciency incentive, but price inelasticity or fairness 
may still warrant such an indirect instrument. 

2. Similarly, externality charges can be levied, 
even though the instrument may be indirect and com­
pensation is not actually paid for the damages 
caused. A fuel tax is only very roughly related to 
either congestion or externalities, but it does re­
flect usage for a given vehicle and it could be com­
bined with an annual surcharge that is based on 
average emissions and contribution to congestion. 

3. An expenditure budget may be covered by 
pricing variable costs that are not actually in­
cluded in the expenditures. A correct charge for 
pavement damage, for example, might raise more reve­
nues than the actual expenditures to repair the dam­
age, both because (a) the pavement was being allowed 
to depreciate and (b) revenues were collected from 
trucks for th·~ user costs imposed on light vehicles 
although compensation was not made to light ve­
hicles. Such a strategy, however, implies invest­
ment and equity policies that are unacceptable for 
anything other than an emergency regime. 

Allocation of Residual Costs 

The residual-cost assignment problem can be struc­
tured in several ways, ultimately reconciling on 
pragmatic grounds those approaches that seem 
strongest. A typical procedure will involve allo­
cating a set of costs to a vehicle class and then 
allocating the costs to individual vehicles. Some 
of the boundaries and possible starting points for 
residual-cost assignment are described below. 

1. Subsidy from general revenues: All, none, or 
some portion of residual costs may be covered by 
revenues from general taxes. A decision to use 
general revenues for highway purposes should be made 
on the basis of the justification for a subsidy, 
such as increasing returns to scale, and not on 
spurious arguments about nonuser costs and external 
benefits. 

2. Incremental fixed costs: Many professionals 
and policymakers regard the assignment of certain 
expenditure i terns to associated vehicle classes as 
equitable. For example, weigh stations can be as­
signed to trucks and guardrails to automobiles. 
Such assignments have an inherent degree of arbi­
trariness to them, but methods are available for 
placing bounds on reasonable solutions. No group of 
users should have to pay more overall than it would 
pay for a separate system of its own (16-18). The 
preferred revenue instruments are access---Charges 
(.!1.l. 

3. Benefits: If emphasis is placed on the re­
source allocation that results from marginal-cost 
pricing of the existing system, then residual costs 
should be covered by taxes that change resource use 
to the smallest degree. To the extent that taxes 
are imposed on users, they can be scaled according 
to ability to pay, consumer surplus, the inverse of 
the consumer's demand elasticity, or benefits to the 
user (~1 21). These strategies have a great deal in 
common. 

4. Long-run marginal cost: If the capital stock 
is far from what would be optimal for expected de­
mand conditions, efficient prices may be nowhere 
near ideal prices in the long run. Instead of reli­
qnce on the combination of short-run marginal cost 
for setting prices and efficient investment programs 
for adjusting the scale of the highway system, 
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prices can be set directly at long-run marginal 
cost. The rationale for this strategy is to avoid 
misleading signals for investment in related activi­
ties, as well as highway transportation, when 
long-run costs are understated by current prices. 
In practice, a long-run pricing objective can be 
supported by estimating future capital stocks and 
basing short-run prices on those rather than on what 
currently exists. Long-run incremental costs can be 
recovered from access charges based on criteria in 
the subsidy, cost, and benefit approaches described 
above. 

5. Distributional equity: Alternative access­
charge instruments can be compared as to which 
groups of the population ultimately bear the costs. 
Choices would depend on judgments about which of the 
population groups are most deserving. 

6. Effectiveness: Choices among user-charge in­
struments can also be based on the effectiveness 
with which each one attains various transportation 
and nontransportation public goals. Effects on 
mobility of the elderly, employment, or urban re­
vitalization may be considered, but the relation­
ships are likely to be weak and the cost-effective­
ness poor. 

User Charges to Recover an Expenditure Budget 

To select a single budget for cost recovery from the 
many government agencies that participate in financ­
ing the highway system is highly arbitrary. It is 
like having the makers of copper wire recover their 
portion of telephone system costs by imposing their 
own set of telephone service charges. The price of 
a telephone call would thus include the part charged 
by the copper makers, the part levied by the opera­
tors, the part imposed by pole erectors, etc. Each 
portion of the price would be set independently of 
all the other portions. The arrangement would be 
universally regarded, quite properly, as lunatic. 

The highway enterprise lacks a single authority 
(for any portion of the system) that can establish a 
complete user-charge structure. If such authorities 
existed, they could purchase inputs from suppliers 
(who currently are government agencies) and charge 
consumers in accordance with costs and the char­
acteristics of demand. Without this institutional 
structure, the only possible surrogate is federal 
government initiative. 

How the federal government can arrive at its own 
share of highway user charges, even by expedient 
means, is unclear. Some alternative strategies are 
to (a) collect the same proportion of user charges 
on each system as the federal government pays in 
costs, (b) assign costs to vehicles according to the 
purpose of the travel and let the federal government 
impose user fees on interstate travel, and (c) es­
tablish a floor of federal charges that are uniform 
across the country and let state and local govern­
ments supplement the federal user charges for their 
own needs. The third of these is the only one that 
appears remotely workable in the near term, and it 
offers few appealing features. 

CONCLUSIONS 

To a degree we have come full circle, in that 
several of the residual-cost strategies sound some­
thing like the incremental-cost method that was dis­
missed at the beginning. Nonetheless, a great deal 
of progress has been made: Variable costs have been 
separated from fixed costs and given suitable treat­
ment, the scope of the analysis has been expanded to 
include all costs (not just government expenditures) 
on all systems (not just the federal portion), and a 
framework has been constructed that allows for a 
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clear statement of the problem and an informed 
evaluation of alternatives. 

Some of the improvements over previous methods 
are not immediately obvious. A form of partially 
distributed cost analysis was used in the past, but 
it was justified on the basis of the nonuser cost­
responsibility myth (I should be taxed to help pay 
for my grocer's store because it serves me). When 
the assignment of residual costs is handled as a 
constrained optimization problem, at least we are 
informed of the criterion used and the conse­
quences. The incremental-cost method was applied 
indiscriminately to variable as well as fixed costs 
without assessing its suitability. The emphasis on 
allocation of budgets rather than pricing of costs 
has meant that user charges have fallen along with 
expenditures (in real terms) at the same time that 
costs have been rising. Finally, attention is 
directed at the effects of alternative user charges 
on efficiency and equity, not at the largely point­
less exercise of labeling expense i terns with 
vehicle-class names. 
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Proposed Fare Policy for Advance-Reservation Bus Service 
ROBERT P. WARREN, ANTHONY D. ROGERS, JOHN COLLURA, AND RUSSELL BELIVEAU 

This paper r~views the present fare policy of the advance-reservation bus service 
in Barnstable County, Massachusetts, examines several alternative fare policies, 
and, finally, proposes a new policy. The present fare policy allows individuals 
to ride an unlimited number of times at a flat rate for any purpose during a 
three-month period. Four alternative fare policies are described. The alterna­
tive proposed for implementation would charge riders on the basis of the num­
ber of trips taken and the length of each trip. Reduced rates would be avail­
able for elderly or handicapped persons and for those who made group trips. 
Riders would be sent bills at the end of each month like telephone bills-the 
trips and miles traveled would be detailed as long-distance calls are. These in­
voices would be prepared by the existing computer system, which currently 
maintains complete client listings and generates detailed drivers' schedules. 
The cost of this miniGomputer system, including hardware and software, was 
about $50 000. The development of the billing and invoicing system would 
cost an additional $5500. The paper also recommends further research into 
alternative fare policies, including their effects on travel behavior. revenue 
generation, and subsidy requirements. Other recommended topics are alterna­
tive mechanisms for implementation of such fare policies, such as sale of tickets, 

punch passes, manual invoicing, and (as proposed) implementation as a com­
ponent of a comprehensive computerized management information system. 

As a result of increasing fiscal austerity at the 
federal, state, and local levels, government 
subsidies for public transportation services are 
expected to decline, although the need for and the 
costs of such services are increasing dramatically. 
As a result of this, consumers will be called on to 
pay higher proportions of total costs. As the 
amounts to be paid by consumers increase, the equity 
of the fare policies used will become of paramount 
importance. If public transportation is to maintain 
its feasibility in the 1980s, equitable fare 
policies, and means for implementing them, must be 
developed. 
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It has been proposed that the Cape Cod Regional 
Transit Authority (CCRTA) implement a fare policy 
for its advance-reservation demand-responsive ser­
vice (the b-bus system) that is based on use, as 
measured by number of trips taken and the length of 
trips. This policy would require computerization; 
however, the CCRTA has a computer-based management 
information system (MIS) on line at its b-bus opera­
tions center that, with little modification, could 
accommodate the new fare policy. 

The purpose of this paper is to introduce this 
proposed fare policy, describe the situation from 
which it developed, and present recommendations for 
further research into the equity and practicality of 
alternative fare policies. 

HISTORICAL REVIEW 

Barnstable County (Cape Cod) , Massachusetts, has a 
year-round population of 140 000 and a summer popu..:. 
lation, due to a seasonal influx of tourists, of 
450 000. The 15 communities that make up Barnstable 
County cover 1008 km2 (389 miles2 ), giving a 
population density of 138 persons/km2 (see Figure 
1). It is significant that more than 33 percent of 

Figure 1. Barnstable County. 
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the Cape's population can be described as either 
elderly or handicapped. This high proportion of 
transit-dependent persons explains the high priority 
that is given to the provision of paratransi t ser­
vices by local officials. 

On March 17, 1976, the first step was taken by 
the region to develop a system to meet the needs of 
the Cape's elderly and handicapped residents. A 
proposal was submitted to the Federal Highway Ad­
ministration (FHWA) under Section 14 7 of the Fed­
eral-Aid Highway Act of 1973 for a rural public 
transportation demonstration grant. 

Among the innovative techniques that were pro­
posed for development within the grant application 
was use of a serially coded flash pass (,!). The 
pass numbers were to be used for monitoring and 
evaluation of socioeconomic and trip (origin-desti­
nation) information to produce comprehensive tran­
sit-rider profiles. A secondary function was to 
serve fare collection. Clients were to pay flat 
quarterly fees for use of the service. These pay­
ments were to be made by mail and tracked by flash­
pass serial number. The potential for more-sophis­
ticated revenue collection techniques by using the 
pass was recognized; however, it was impractical to 

SCALE IN MILES ------1!'--c:.::.:=-• I IO 
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implement them without on-site computer assistance. 
On July 20, 1976, FHWA approved the $868 750 

grant request. As a result of this initial invest­
ment by FHWA, the county was able, for the first 
time, to provide a comprehensive regionwide public 
transportation service, the b-bus system. Today 
some 28 vehicles provide b-bus service, 8:00 a.m. to 
4:00 p.m., five days a week. Clients request ser­
vice by phone three to five days in advance and are 
given portal-to-portal service. 

On February 9, 1979, the county's demonstration 
project was turned over to the newly formed CCRTA. 
CCRTA's initial mandate was to bring about coordina­
tion of all public transportation services that 
existed in Barnstable County. This coordination ef­
fort culminated in the full consolidation of ser­
vices on June 1, 1979 (£). The elimination of dup­
lications of effort in such areas as management, 
dispatching, and marketing resulted in substantial 
cost savings. Vehicle use was also increased, to 
yield higher productivities and increase the cost­
effecti veness of the b-bus program. 

Having brought about substantial cost savings and 
service improvements through consolidation, CCRTA 
turned its attention to refinement of its management 
tools. One of its primary concerns was to develop a 
procedure to equitably allocate costs among member 
municipalities <ll· Consolidation presented the op­
portunity for development of a centralized MIS that 
could perform multiple functions, among them compi­
lation of information on origins and destinations. 
Such information would allow use of a multivariable 
formula for assessments to the member municipalities 
that would be based on actual use by residents. It 
was the attractiveness of this possibility that led 
to the overwhelming support of the CCRTA Advisory 
Board for development of such a system. 

On April 10, 1980, CCRTA awarded a contract to 
Crosbro, Inc., of Brockton, Massachusetts, for de­
velopment of such a system. The computer went on 
line in December 1980 and is currently performing 
all necessary data-collection functions. In addi­
tion, the system aids in dispatching the vehicles, 
essentially eliminating pen and paper from the pro­
cess, as described in a later section of this paper. 

As early as 1975, when the grant proposal for the 
b-bus program was submitted to FHWA, two items were 
recognized to be of paramount importance to the de­
velopment and continuance of local support for a re­
gional public transportation system on Cape Cod. 
The first, and the most urgent, was the development 
of an assessment formula for ensuring the equitable 
allocation of costs among member municipalities. 
Such a formula had to result in payment only for 
services received by the residents of each munici­
pality. Of equal importance, but not as immediately 
essential, was the development of a fare-collection 
mechanism that would result in the equitable distri­
bution among riders of the portion of the total cost 
to be paid by consumers. 

Such a mechanism has been proposed for use by 
CCRTA and is, in fact, the subject of this paper. 
Simply stated, riders would be charged according to 
a cost formula designed to proportionally approxi­
mate the actual cost of the service received. A 
rate would be developed that would include a cost 
per trip and a cost per mile of travel. Travel dis­
tance would be estimated by using a zone-to-zone 
distance matrix, and invoices would be generated 
automatically by the computer and mailed to riders. 

CURRENT FARE POLICY 

Travelers who use the b-bus system are currently 
being charged on a quarterly flat-rate basis. An 
integral part of the current fare policy is the use 
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of a serially numbered rider identification pass. 
Socioeconomic information is obtained as part of the 
pass distribution process (Figure 2). The posses­
sion of a pass qualifies elderly or handicapped per­
sons to free health-care-related service. If the 
passholder would like additional service, or is 
neither elderly nor handicapped, he or she mails 
CCRTA a check or money order each quarter. When the 
passholder telephones to schedule a trip, the pass­
holder identification number and trip data (e.g., 
pickup and drop-off times and origin and destina­
tion) are obtained and the information is entered 
into the computer. The MIS eliminates the need to 
write trip data onto request sheets and then onto 
driver logs, because the computer has the capability 
to print schedules. This information is also used 
for allocation of costs among towns (which meets the 
reporting requirements of Section 15 of the Urban 
Mass Transportation Assistance Act of 1970) and in 
billing and accounting. 

ALTERNATIVE FARE POLICIES 

During the last 12 months, CCRTA has considered 
several alternative fare policies to replace the 
current policy. Four alternatives reviewed are sum­
marized in Table 1. 

Each alternative can be described in terms of 
type of payment, method of fare collection, and the 
basis of the charge. Alternative 1, a free-fare 

Figure 2. Questionnaire for b-bus client. 

• - - • - requlr~d - • - - • - - - - • 

l. Name 3 . 
Phone number 

2. Address 

4. Mailing address 

(if different) 

5. Date of birth 6. Sex: male female 

- - - - - - - - - - voluntary - -

7. Do you have a current driver 1 s license? yes no 

8. Does someone in your household own a car? yes no 

9. What is your total annual household income? 

0-$4,999 $5,000-$9,999 $10,000-$14,999 $15 ,000 or more 

10. Do you travel in a wheelchair? yes no 

11. Do you consider yourself handicapped? yes no 

If yes, please describe your handicap __________ _ 

Table 1. Alternative fare policies. 

Type of Method of 
Alternative Payment Collection Basis of Charges 

I. Free fare None None None 
2. Fare box Cash On board Flat rate or sliding scale 

per trip 
3. Prepaid tickets Cash or money Mail Flat rate per trip 

order 
4. Mail-in method Cash or money Mail; bill Base rate per passenger 

order sent after trip plus the rate per 
use passenger mile 
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system, was discarded because of financial restric­
tions. 

The second alternative included the collection of 
fares on the vehicle by means of a fare box, as is 
typically done on conventional fixed-route services 
in urban areas. This alternative was viewed un­
favorably because of the need to hire special per­
sonnel to store and handle lock-type fare boxes and 
the potential for pilferage and theft. 

Alternatives 3 and 4 both employed a mail-in 
method to collect fares; however, they differed in 
the type of payment. Alternative 3 required that 
the fee be paid before use. Tickets would be sold 
at a fixed rate on a per-trip basis. If a pass­
holder purchased 10 tickets, the passholder would be 
entitled to make 10 one-way trips of any length for 
any purpose. Alternative 4, on the other hand, col­
lected payment after the fact and charged pass­
holders on the basis of the number of one-way trips 
and the length of the trip. 

Alternative 4 was considered more favorably than 
alternative 3, because persons were charged not only 
for the number of trips but also for the distance 
traveled. The billing would be carried out by the 
computer by means of an accounts receivable system 
developed by Crosbro, Inc. (4). The necessary data 
files would include (a) the -passholder file, which 
provides the user's identification number, name, and 
address; (b) the trip file, which has the user's 
identlfication number and each trip by origin and 
destination; and (c) the trip-distance file, which 
stores the minimum travel distance between each ori­
gin and destination pair. Use of the trip-distance 
file would eliminate the need for the driver to re­
cord odometer readings for each trip. 

This fare structure takes into account the level 
of use, the rider's ability to pay (elderly or 
handicapped persons receive a 20 percent discount), 
and group-trip riding. Hypothetically, the discount 
for group riding would encourage this practice and 
lead to increased vehicle use. 

IMPLEMENTATION OF PROPOSED FARE POLICY 

The MIS installed at CCRTA provides for on-line 
scheduling of b-bus vehicles. The system provides 
various operational, managerial, and statistical re­
ports. In addition, the data that are gathered and 
maintained by the system would enable CCRTA to in­
stall a billing and payment system of the type 
necessary to support the proposed fare-collection 
system. 

The MIS is operated on a Data General Nova 4/S 
computer with 64K of metal oxide semiconductor (MOS) 
memory. The hardware includes 20 megabytes of disk 
storage, a 180-character/s printer, and three 
cathode-ray tube (CRT) terminals. This configura­
tion is sufficient to handle up to 7500 clients and 
40 000 trips/month (i.e., three times the current 
load). The hardware is highly expandable and can be 
altered to support new applications, as well as 
greater volumes. The programs were written in Data 
General Business BASIC. The data files are all in­
dex-sequential files, some of which require multiple 
keys. All data files and indexes have been assigned 
contiguous disk space to provide the fastest pos­
sible access. 

The MIS itself can be broken down into four major 
functions or components, sometimes called subsystems: 

1. File maintenance and inquiry routines, 
2. Scheduling and trip-related data entry, 
3. Monthly and annual routines, and 
4. Client billing (i.e., the proposed fare sys­

tem). 
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Pile Maintenance and Inquiry Routines 

The file maintenance and inquiry routines allow the 
operator to add, delete, and modify master file 
records. The routines allow on-line inquiry against 
particular records, as well as report capabilities 
that produce a hard-copy listing of all the records 
in each file. The file maintenance and inquiry rou­
tines support the master files that form the data 
base required by the other major components of the 
system. The master files include (a) a vehicle file 
that contains equipment and maintenance data, (b) a 
town file, (c) a location file that identifies vil­
lages within the towns, (d) a trip matrix that con­
tains the distances between villages, (e) a client 
file that contains residence and socioeconomic data 
on each client, (fl a purpose-code file that cate­
gorizes trip purposes, (g) a standard trip f~le that 
contains data on repetitive trips, and (h) a ve­
hicle-schedule file that contains the current 
driver-vehicle-schedule assignments. 

Schedulinq and Trip-Related Data Entry 

Scheduling and the trip-related data entry routines 
are the heart of CCRTA's daily operations, which in­
clude booking trips, printing the schedule, entering 
vehicle data, and entering changes to previously 
booked trips. There are eight routines required to 
perform these tasks, each of which is described 
below. 

The system provides three methods for booking 
trips. The first method, the request-for-service 
routine, is used to book advance reservations taken 
over the phone. If the request is made by a new 
client, the operator will create a client record and 
issue a pass number before attempting to book the 
request. The booking itself is accomplished by en­
tering the date, time, origin, destination, and trip 
purpose. The operation will then enter the most 
geographically appropriate schedule. The trips al­
ready booked on the selected schedule will be dis­
played. The operator will then analyze the schedule 
to see whether the request can be accommodated. The 
operator can review several schedules in an attempt 
to accommodate a single request. Both outgoing and 
return trips can be booked through the same rou­
tine. The routine ends when the operator confirms 
or denies the request. Regardless of confirmation, 
a trip record is added to the trip transaction 
file. The record includes all the data entered in 
the request for service, as well as a pickup code 
that indicates -whether or not the request was con­
firmed. 

The flag-stop and nutrition-trip routine is the 
second method of booking a trip. This type of 
booking allows the operator to create a trip record 
for a trip that has already been taken. In these 
situations, the trip data are not available to the 
operator until the driver returns the schedule 
listing at the end of the day. Data on any 
nonscheduled trips are written on the listing by the 
driver. The operator then enters these data by 
using the flag-stop and nutrition-trip routine. 

The final booking method is the standard trip­
scheduling routine. This routine is executed once a 
month. The routine converts the day of the week, 
found in the standard trip file records, into dates 
that occur in the forthcoming month. The routine 
then creates one trip record for each converted 
date. This routine accounts for approximately 25 
percent of all trips. 

The schedule print routine produces the schedule 
listing. It is printed each night for distribution 
to the drivers the next morning. A schedule update 
routine is available to allow the operator to make 
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last-minute adjustments to the schedule. Each time 
the schedule print routine is executed, the 
vehicle-schedule file is used to post the 
appropriate vehicle and driver to the schedule 
listing and to the individual trip record. 

The trip-by-client inquiry allows the operator to 
print or display on the screen all trips on file for 
a given client. 

The trip-transaction maintenance or inquiry 
allows the operator to add, delete, and modify trip 
records. This routine's primary function, however, 
is to allow changes to the pickup code when a client 
cancels a trip or fails to show at the scheduled 
pickup location. 

The daily vehicle log allows the operator to 
enter the vehicle mileage, fuel consumption, and 
maintenance data that are turned in daily by the 
driver of each vehicle. Each entry results in the 
creation of a vehicle log record that is posted in 
the daily vehicle log file. 

Monthly and Annual Routines 

The monthly and annual routines (a) produce 
management and statistical reports, (b) invoice the 
various social-service agencies that purchase 
service from CCRTA, (c) purge old trip and vehicle 
log records, and (d) reset monthly accumulators in 
the vehicle and town files during year-end 
processing. 

The monthly reports generated by these routines 
accumulate trips, passenger miles, vehicle miles, 
and vehicle hours and report the totals by town and 
by vehicle. In addition, a socioeconomic report is 
produced that breaks down trips by age, family 
income, availability of other transportation (i.e., 
client possesses a driver's license or owns a car), 
and physical disabilities. This report can be 
further broken down by trip purpose. 

Another monthly routine invoices the Department 
of Public Welfare for authorized medical trips taken 
during the month. In addition, this routine 
produces a report that summarizes medical trips 
taken by clients of more than 60 years of age during 
the past month. This report is used to justify 
Elder Service invoices, which are produced manually. 

The month-end purge deletes the past month's 
records from the trip-transaction file and the daily 
vehicle log. Before they are purged, daily vehicle 
data are summarized and posted to the vehicle 
record. The operator can elect to produce a 
year-to-date vehicle performance report from these 
data at any time. 

The annual or year-end routine clears vehicle 
maintenance and revenue data from the vehicle and 
town files. 

Client Billing 

The client billing system as called for by the pro­
posed fare-collection system begins in the re­
quest-for-service routine. When a client requests a 
trip, the system will automatically decide whether 
the trip is billable, based on the type of client 
and the trip purpose. If the trip is billable 
(e.g., a shopping trip), the system will determine 
the trip distance from the trip matrix file. A trip 
cost will be calculated and displayed on the 
screen. This allows the client to cancel prohibi­
tively expensive trips. Another feature of the re­
quest-for-service routine is the ability to offer 
group discounts such that a discount percentage can 
be applied while the trip is being booked. The dis­
counted cost will also b~ displayed. Finally, the 
date of the oldest unpaid invoice will be displayed, 
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which gives the operator an opportunity to inquire 
about payment of overdue invoices. 

The next step in client billing is the actual in­
voice printing. In the proposed system, an invoice 
will be produced that gives a line-by-line breakdown 
of all charges incurred by the client during the 
past month, along with all past-due charges. These 
charges will be summarized to show a total due 
charge. The invoice will also cite any nonbillable 
trips and any group di!lcounts that may have been 
granted. In addition to the printed invoice, an in­
voice record that summarizes the past month's 
charges will be added to the invoice file. All in­
voices remain on file until they are paid. 

A cash-receipts-or-payment routine will allow the 
operator to enter payments and post them to unpaid 
invoices. For each entry, a payment record will be 
created and it will be stored in the invoice file. 
At the same time, the payment will be added to the 
appropriate revenue accumulator in the town file. A 
cash-receipts journal will be printed that shows all 
payments received during the day's processing. 

An adjustment routine will allow the operator to 
enter credit and debit memos to adjust for over­
charging and undercharging. For each such entry, a 
memo record will be created and posted in the in­
voice file. The debit memo will be treated as an 
additional charge to the client, and the credit memo 
can be used as a payment to be applied to an open 
invoice. 

During month-end processing, payments will be 
matched up with invoices and those invoices that are 
paid in full will be purged along with the associ­
ated payments. After the invoice file has been 
purged, an "aging" report will be generated. This 
report will show the age of all open invoices by 
client. The report can be used by management to 
initiate appropriate dunning action on delinquent 
accounts. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Fiscal austerity at all levels of goverment, 
increasing operating costs, and increasing demands 
for service will lead to the need for greater fare­
box revenues. 

2. Higher costs to consumers will increase the 
importance of equity in generation of fare-box reve­
nues. 

3. Equitable fare structures should ideally take 
into account the number of trips taken, miles of 
service received, ability to pay, and group riding 
(1). 

4. Fare policies that take these four factors 
into account may be cost effective when they are im­
plemented as part of a comprehensive computer-based 
MIS. 

5. Such fare policies will be more cost effec-
tive when (a) trip lengths vary significantly, (b) 
both the general public and elderly or handicapped 
clients are served, (c) vehicles are centrally dis­
patched, and (d) many vehicles are dispatched from a 
single office. 

Recommendations for further research include 

1. Evaluation of the equity and practicality of 
alternative fare policies; 

2. Evaluation of possible strategies for imple­
mentation of such fare policies, e.g., punch passes, 
tickets, fare box, manual invoicing, invoicing by 
means of off-site batch processing, use of single­
f unction dedicated computer systems, and (as recom­
mended) use of a comprehensive MIS; 

3. Evaluation of alternative hardware and soft­
ware options for implementation of alternative fare 
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policies by using a MIS strategy, e.g., micro, mini, 
and main-frame computers and alternative programming 
languages; 

4. Evaluation of the suitability of implementa­
tion strategies for alternative fare policies under 
various constraints, e.g., fleet size, labor rates, 
and decentralized or centralized dispatching; 

5. Evaluation of the effects of alternative fare 
policies on consumer behavior, e.g., ridership, trip 
lengths, and travel patterns; and 

6. Evaluation of the feasibility of alternative 
fare policies from a public policy standpoint, e.g., 
rider acceptability, acceptability to policymakers, 
acceptability to funding agencies, overall effect on 
subsidy requirements, and efficient use of available 
subsidy funds. 

The research of such topics could be extended 
through consideration of such concepts as demand 
elasticity, utility maximization, social benefit, 
market segmentation, service coordination, and fund­
ing coordination. 

It should be noted that the existence of the com­
puter-based MIS now serving CCRTA's b-bus program 
presents a tremendous opportunity for the research 
efforts recommended above. Grant funds would not be 
required for purchase of hardware and could be spent 
entirely on the research recommended. 
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Income Equity of Two Transit Funding Sources 
STEVEN M. ROCK 

Currently, a number of funding sources are used to subsidize publfo transit. 
These originate at all levels of government, and their mix differs greatly among 
regions. Each source or combination has implications for equity that are often 
overlooked since each has a unique incidence, i.e., pattern of who pays by in­
come group. The purpose of this paper is to examine the incidence of two 
commonly used sources: a sales tax and a motor fuel tax. Previous studies of 
the incidence of these taxes are not comparable; what is necessary is a single 
source of data on which to examine them. Suitable data to calculate incidence 
are available from the 1972-1973 Consumer Expenditure Survey of the Bureau 
of Labor Statistics, a comprehensive source of information on consumption ex­
penditures by detailed items and income for 40 000 U.S. families . These data 
allow the relative percentage of income paid as sales or motor fuel tax to be 
calculated. The results indicate that both sources are regressive. Use of the S· 
index of progressivity for comparison suggests little short-run difference in in· 
come equity between the two (although exactly what items are subject to the 
sales tax can affect the results I. The study points out that the equity impact 
of potential funding sources should be understood, available, and part of the 
decision-making process. 

Transit systems throughout the United States have 
become increasingly dependent on subsidies from 
various levels of government. Each system tends to 
have a unique set of funding sources that is usually 
determined by law and politics in a particular 
geographic area. As new and expanded sources of 
transit funding are sought, the equity issue of who 
is paying from each source (the incidence) is often 
overlooked. 

In addition, great concern is placed by federal 
agencies to ensure that their funded activities 
comply with Title VI of the Civil Rights Act of 
1964. As an example of this concern, the Urban Mass 
Transportation Administration (UMTA) issued Circular 
1160.1 (December 1977). A number of the objectives 

of this circular relate to this issue of equity of 
federally funded activities. Although most of the 
emphasis of Title VI has been on the distribution of 
benefits, a less obvious but related potential 
inequity involves the distribution of burdens. That 
is, Who pays for transit and what are the equity 
implications of different funding sources? A 
complete examination of equity would thus involve 
analysis of both who pays and who benefits. This 
paper attempts to shed light on a portion of the 
former aspect of this issue, recognizing that it is 
only a piece of the total equity problem. 

Recent legislastion has changed the funding 
mechanism used to provide subsidies for public 
transit in the Chicago area. The essence of the 
change was that a 5 percent tax on motor fuel was 
eliminated; a general sales tax increase was 
substituted (1 percent in Cook County, 0. 25 percent 
in the adjacent five counties). The main purpose of 
this change was apparently to generate more funds. 
In addition, an issue of geographic equity (the 
relationship between the funds raised and the funds 
expended in an area) was addressed. However, very 
little analysis has been undertaken to determine the 
income equity (who pays versus who benefits by 
income groups) of the funding switch. 

The purpose of this paper is to explore the 
equity of two common sources of transit subsidies 
suggested by the Chicago Area Regional Transit 
Authority's funding switch from a sales tax to a 
motor fuel tax. A recent survey by the American 
Public Transit Association (APTA) (_!) listed 24 
regions that use a sales tax and 5 areas that obtain 
transit funds through a gasoline tax. It will be 
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assumed that the revenue raised under each source 
would be structured to be similar. Since the basic 
groups that benefit from the subsidy funds remain 
the same, only the groups that pay for the subsidies 
will be examined. In economic terms, one wishes to 
compare the differential tax incidence of one source 
(e.g., motor fuel tax) with the incidence of the 
other source (general sales tax). Incidence refers 
to who (ultimately) bears the burden of the taxes, 
i.e., who pays. 

Obviously, different sources will have different 
incidence. The initial distribution of liabilities 
(statutory incidence) can differ significantly from 
the final distribution (economic incidence). This 
will be true to the extent that a chain of adjust­
ments by consumers or firms ensues. For simplicity 
as well as data limitations, it will be assumed that 
the sales and motor fuel taxes fall totally on the 
consumer. In fact, consumers may make some adjust­
ments, such as the amount or location of gasoline or 
taxable goods purchased. However, previous studies 
of incidence have allocated sales and excise taxes 
to those who purchase the taxable products. Since 
these taxes are assumed to fall completely on con­
sumers, incidence can be determined by noting the 
amount of each tax paid by consumers in each income 
level. It is noted that the incidence of multiple 
funding sources can be determined by combining and 
weighting the data from the individual sources 
used. Detailed discussion of theoretical issues in 
tax incidence can be found in most texts on public 
finance, e.g., Musgrave and Musgrave Ill· 

PREVIOUS STUDIES OF SALES ANO FUEL TAX INCIDENCE 

A number of previous studies have examined the 
incidence of the sales tax under different bases 
(i.e., items that are subject to tax). Although 
most of the studies took place in the 1960s, their 
conclusions were similar: The sales tax is 
regressive; that is, the tax paid by a lower-income 
family represents a larger percentage of income than 
that paid by a higher-income family. For example, 
Musgrave and Musgrave Ill used 1968 data to estimate 
that families in the lowest annual income bracket 
(under $4000) paid 3.4 percent of their income for 
general sales taxes; as incomes rose, this percentge 
fell continuously (to 0.3 percent in the $92 000 and 
over bracket) • A second study by Pechman and Okner 
(3) reached the same conclusion. By using 1966 
d;ta, they found that families in the lowest annual 
income bracket (under $3000) paid 9.4 percent of 
their income for general and specific sales and 
excise taxes. Families in the highest income 
br acket ($1 000 000 and over) paid 1.0 percent for 
these taxes. Similarly, a study by the Advisory 
Commission on Intergovernmental Relations (_!) used 
allowances by the Internal Revenue Service for sales 
tax deductions to obtain like results. 

A handful of studies have looked at the incidence 
of a motor fuel tax. Most lump this tax together 
with other goods that are selectively taxed, such as 
cigarettes, alcohol, and public utilities [e.g., 
Musgrave and Musgrave Clll, or combine all sales and 
excise taxes together [e.g., Pechman and Okner 
(3)]. Probably the most comprehensive analysis of 
g;soline tax incidence was reported by Freeman (2_) • 
Freeman used 1972 household data provided by the 
Brookings Ins ti tu ti on and an assumed tax of $0. 20 / 
gal (although the results would be representative of 
any tax that would be proportional to usage) and 
obtained a pattern that is slightly progressive ex­
cept at either end of the income distribution [ (~, 
p. 189) 1 relative incidence compares the implicit 
tax rate of all income brackets with that of the 
highest income bracket]: 
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1972 1972 
Income Relative Income Relative 
illQQl.. Incidence illQQl. Incidence 
<2 4.16 10-15 3.45 
2-4 2. 71 15-20 3.52 
4-6 2.68 20-26 3.42 
6-8 3.00 26-50 2.94 
8-10 3.23 <50 1.00 

Zupnick (6) used a four-step process to examine 
the 1971 incidence of a tax-induced $0 .10/ gal price 
rise. Starting with average fuel use by automobile 
model year, he combined data on average miles driven 
by income group with ownership of each automobile 
model year by income class. The results indicate 
progression in the lower-middle brackets but regres­
s ion in the income brackets above this (_§., p. 412): 

1971 1971 
Income Relative Income Relative 
($000) Incidence J1QQQl_ Incidence 
<3 1.53 6-7.5 1.85 
3-4 1.33 7.5-10 1. 54 
4-5 1.56 10-15 1.26 
5-6 1. 76 >15 1.00 

Finally, the Institute of Public Administration 
(l l examined incidence in a much less detailed man­
ner by using data from the Motor Vehicle 
Manufacturers Association. For five income-bracket 
quintiles, the incidence of gasoline expenditures 
(and therefore taxes that would be proportional to 
expenditures) was found to be extremely regressive. 

Other potential sources of data on gasoline 
expenditures are deficient or duplicative in some 
manner. For example, the u. s. Department of Energy 
(J!,.2_) offers data on the distribution of gasoline 
consumption for households that own vehicles or that 
use gasoline (but not for all households). Their 
model employs a synthetic data base 1 the distr ibu­
tion of gasoline expendi tures implied is quite simi ­
lar to that reported in the Consumer Expenditure 
Survey used below. The old Federal Energy Admini­
stration had a Household Energy Expenditure Model 1 

however, the basic data input source was the 1970 
census, and mean income in each income bracket was 
not reported (10). The Survey Research Center of 
the University of Michigan has also analyzed house­
hold behavior for a number of years. However, in­
cidence of gasoline expenditures was calculated by 
assuming the same miles per gallon for all vehicles, 
which clearly would bias the results (11). 

The problem with previous studies is that it is 
very difficult to compare the incidence results of 
one tax source with the results of any other 
source. Each study used a different set of data, 
different time periods, different definitions of 
income, etc. In order to effectively compare the 
incidence of two or more taxes, a single set of data 
is necessary. 

INCIDENCE OF SALES VERSUS MOTOR FUEL TAX 

In order · to draw an income profile of who pays the 
motor fuel tax and compare it with the impact of a 
sales tax, a suitable single source of data must be 
obtained. One source that will allow this to be 
undertaken is the 1972-1973 Cons umer Expenditure 
Survey of the Bureau of Labor Statistics (BLS) • 
This survey describes itself as the only 
comprehensive source of detailed information on 
expenditures and income related to socioeconomic and 
demographic characteristics of U.S. families. For a 
sample of 40 000 families, consumption expenditures 
by detailed items (i.e., the average dollar amount 
spent by a family on good or service X) were 
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compiled and classified by income bracket. The BLS 
data sources are the interview survey (20 000 
families) (12) and the diary survey (20 000 families 
(13). The former provided the primary data for this 
study; the latter supplemented and expanded the 
available categorization. Although the BLS data and 
the empirical analysis below used a national focus, 
it would be straightforward to adapt the technique 
to a study of incidence in a particular region. The 
BLS has recently released data that are drawn from 
and reported by particular standard metropolitan 
statistical areas (SMSAs). 

To determine incidence of the sales tax, it would 
be necessary to total the consumption expenditures 
on items that are subject to a general sales tax (by 
income group). For the motor fuel tax, the amount 
spent on motor fuel needs to be noted. Since 
different regions subject different items to a sales 
tax, two cases were tested. In variant 1, each 
consumer expenditure item was considered as to 
whether it was subject to the Illinois Retailers' 
Occuption Tax (general sales tax). Illinois (and 7 
other states) tax both food purchased for home 
consumption and prescription drugs. A second 
variant was compiled for an area where food consumed 
at home and medicine and drugs were not subject to a 
sales tax, as is the case in 23 states. 

The sample population was ranked by income 
deciles, from the families with the lowest 10 
percent of income (decile 1) to those with the 
highest 10 percent (decile 10). The total dollar 
amount of spending on taxable i terns was estimated 
for each decile. Since the sales tax is included in 
this spending and represents a flat percentage of 
the total, it was not necessary to separate the tax 
out. That is, it is sufficient to look at spending 
on taxable items as a percentage of income by 
deciles to determine the incidence of the sales 
tax. This information is displayed in Table 1. The 
average consumption expense (expenditures) by income 
deciles is broken into consumption exempt from sales 
tax and spending subject to (and including) sales 
tax. The relative incidence compares taxable 
expenditures as a percentage of income for each 
decile with that of the highest decile. Since the 
sales tax would be a flat percentage included in 
taxable expenditures, the relative incidence for 
both total taxable expenditures and sales tax 
payments as percentages of income will be the same. 
The results confirm the conclusion that the general 
sales tax is regressive. That is, those in the 
lowest income decile pay 2.5-3 times as much of 
their income in sales tax as do those in the highest 
income decile. 

To derive the incidence of the motor fuel tax is 
a somewhat simpler task. The BLS data report on 
dollar expenditures for gasoline (including tax) by 
income group. Since this tax would be proportional 
to use, it also does not have to be separated out in 
order to examine incidence. Table 2 displays this 
information: average consumer expenditures on 
gasoline and fuels for vehicle operations by income 
decile, this expenditure as a percentage of income, 
and the relative incidence. It reveals a regressive 
tax; consumers in the lowest income decile pay 3.5 
times as much of their income in gasoline tax as 
those in the highest decile do. 

There appears to be some discrepancy between the 
previous studies of motor fuel tax incidence (text 
tables above) and the results presented in Table 2. 
This may be due in part to the choice of income 
brackets used in the previous studies, which do not 
match closely either the incorrie of the population 
deciles of Table 2 or the definition of income. In 
addition, some of the previous studies' assumptions 
(e.g., fuel economy being the same for a model year 
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for all cars) could lead to biased results. 
A number of caveats exist in the empirical anal­

ysis above. First, since each regional sales tax 
includes or excludes a unique set of goods and ser­
vices, sales tax incidence can differ somewhat be­
tween regions. Next, it is not possible to be com­
pletely accurate in excluding those expenditures 
that are not subject to a general sales tax (or in 
including those that are) since some expenditure 
categories listed by the BLS include both taxable 
items (e.g., parts) and nontaxable items (e.g., 
labor). However, these ambiguous categories are 
relatively small compared with those that are un­
ambiguous (e.g., housing expenses), and the bias is 
apt to be minimal. Third, the data were collected 
in 1972-1973. To the extent that consumer expendi­
ture patterns have changed, the incidence could 
change, e.g., How have different income groups 
responded to the large price increase in gasoline? 
The use of a single year's income can be criticized 
as unrepresentative of a longer-run view of income. 
Unfortunately, no data are readily available to cor­
rect this. Finally, it is assumed that all gasoline 
purchases are made by households or, alternatively, 
that the tax is levied only on consumer purchases of 
gasoline. In fact, approximately 68 percent of 
motor fuel was consumed by automobiles in 1976; most 
of the remainder was used by trucks. 

It is also assumed that, in response to any 
change in tax levels, households continue to buy 
gasoline and consumption goods subject to the sales 
tax in the same proportion and geographic area that 
they did before. Any other assumptions would vastly 
complicate empirical calculations. In effect, these 
assumptions look at short-run incidence, assuming 
that the price elasticity of demand (sensitivity of 
quantity demand to price changes) is zero. The 
price elasticity of gasoline is fairly low (-0.2 to 
-0.4). A couple of tax studies have attempted to 
ascertain the impact of competition from firms in 
areas not subject to a particular tax in proximity 
to firms in areas that are subject to a tax. This 
could alter the burden of the tax by affecting how 
much of the tax gets shifted to the consumer. 
Unfortunately, these studies did not attempt to de­
termine who bears the unshifted portion of the bur­
den. They did suggest that proximity to a political 
border where no (additional) tax is levied does re­
duce the ability to shift the burden to the consumer. 

DISCUSSION OF RESULTS 

When the relative incidences of both taxes are 
compared, the following conclusions become 
apparent. First, both sources are regressive. The 
motor fuel tax is roughly as regressive as variant 1 
of the sales tax; variant 2 is somewhat less 
regressive. A glance at the lower-middle income 
deciles of variant 1 and the fuel taA (second 
through fifth decile) shows that the relative 
incidence of the latter is close to proportional1 
the.former is more regressive in this range. 

A second way of comparing the incidence of 
different funding sources is to use the S-index 
developed by Suits (14). The s-index is a quick, 
convenient, one-number way of comparing incidence. 
There is no other generally accepted index of 
progressivity. This index, similar to the Gini 
ratio of income distribution equality/inequality 
[cited in Mendershausen (15)], ranges from +l 
(extreme progressivity) to -1 (extreme regres­
sivity). A proportional source would have an S-in­
dex of zero. Use of this index requires that fami­
lies be ranked by income percentiles, from lowest to 
highest, and have their contribution to each source 
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Table 1. Expenditures and sales tax incidence. 

Income Decile 

Item 2 3 4 s 6 7 8 9 10 

Variant I 

Expenditures($) 3037 4026 5161 6299 7417 8348 9472 JO 578 12 168 16 015 
Tax exempt 1630 2054 2560 3037 3491 3846 4333 4704 5503 7339 
Taxable 1407 1972 2601 3262 3926 4502 5139 5874 6665 8676 

Average income($) 1559 3268 5081 7063 9112 11 244 13 466 16 116 19 747 31 974 
Taxable expenditures 

divided by income (%) 90.3 60.3 51.2 46.2 43 .1 40.0 38.2 36.4 33.8 27.1 
Relative incidence 3.33 2.23 1.89 1.70 1.59 1.48 1.41 1.34 1.25 I.DO 

Variant 2 

Expenditures($) 3037 4026 5161 6299 7417 8348 9472 10 578 12 168 16 015 
Tax exempt 22 14 2871 3537 4098 4680 5131 5749 6221 7139 9168 
Taxable 823 I 155 1624 2201 2737 3217 3723 4357 5029 6847 

Average income($) 1559 3268 5081 7063 91 12 11 244 13 466 16 116 19 747 31 974 
Taxable expenditures 

divided by income(%) 52.8 35.3 32.0 31.2 30.0 28.6 27.G 27.0 25.5 21.4 
Relative incidence 2.47 1.65 1.50 1.46 1.40 1.34 1.29 1.26 1.19 1.00 

Note: Consumption and income figures are from the 1972-1973 Consumer Expenditure Su rvey(!!~ !3)· 

Table 2. Motor fuel expenditures and income. 

Income Decile 

Item 2 3 4 s 6 9 10 

Expenditures for gasoline($) 98 132 208 270 336 394 449 480 525 561 
Gasoline expenditure divided 

by income(%) 6.3 4.0 4.1 3.8 3.7 3.5 3.5 3.0 2.7 1.8 
Relative incidence 3.50 2.22 2.28 2.11 2.05 1.94 1.83 1.67 1.50 I.DO 

Note: Source of gasoline expenditure figures is the 1972-1973 Consumer Expenditure Survey(!.!,!.!_). 

noted. The S-index for any tax can be estimated 
(for 10 income deciles) as 

S "' I - (1/5000) 1 1~1 (1 /2) [T.(Y;) + Tx(Y1-1)] (Y1 -Y1_i)I (I ) 

where 

x = given funding source x, 
Yi income decile i, and 

T = cumulative percentage of funding source paid 
by cumulative percentage of total income 
represented by income decile i. 

Computation of the s-index for the two variants 
of the sales tax and the motor fuel tax reveals that 
all three are regressive. Surprisingly, the motor 
vehicle tax registers slightly greater regressivi ty 
(S = -0.16) than either variant 1 (S = -0.13) or 
variant 2 (S = -0.09) of the sales tax. However, 
due to the caveats mentioned above, the differences 
among S-indices are probably not significant. 
Previous studies that used 1966 and 1970 data have 
computed S-indices for sales taxes of -0.15 to 
-0.16. To give an idea of the S-index range for 
typical taxes, the variation is from about -0.40 to 
+0.40. 

CONCLUSIONS 

The results suggest little short-run impact on the 
distribution of income from changing funding sources 
between sales and motor fuel taxes. In addition, 
the magnitude of these taxes collected from transit 
is not particularly large. For example, a 1 percent 
sales tax would cost a first-decile family around 
$9-15/year or a tenth-decile family $74-93/year 

(Table 1). A levy of 5 percent on motor fuel usage 
would cost a family $5-28 in tax. In addition, the 
data suggest that to exempt food purchased for home 
consumption and drugs and medicine (variant 2) would 
be less regressive than one that taxes these items. 

A change from a sales to fuel tax (or vice versa) 
affects not only income groups but also the sectors 
of societ}· that pay the subsidy. If a motor fuel 
tax is imposed, redistribution stays within the 
transportation sector; automobile users pay and 
transit users receive primary benefits (others may 
benefit as well). If a general sales tax is used, 
however, the redistribution involves other sectors: 
from all consumers to transit users. 

Governments have a wide menu of sources available 
to obtain funds. Although issues such as the 
revenue-raising potential of each source or how much 
would be raised in each geographical area by source 
are important, the income incidence of different 
taxes should not be overlooked. 
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Economic Analysis of Transportation Pricing, 'fax and 

Investment Policies 
DALE 0. STAHL II 

In response to the ad hoc nature of current transportation user charges and 
cost allocations, a rigorous analytical framework is presented based on eco­
nomic welfare theory. A multi modal transportation system model that has ex­
plicit price and tax, investment maintenance, service quality, and externality 
variables is formulated; the optimal decision rules of equating marginal social 
benefits and marginal social costs are derived and given operational interpreta­
tions. Optimal and administratively feasible aggregate prices by user class and 
mode are derived in terms of aggregate marginal social costs that are not im­
practical to estimate. An optimal cost allocation is defined as marginal social­
cost pricing followed by general taxation of consumer goods (excluding trans­
portation) to cover any deficit. 

Considerable confusion exists about economic princi­
ples as they are applied to transportation policy 
analysis. Although a correct operational definition 
of marginal cost is hard to find in the literature, 
it is widely assumed that the marginal-cost pricing 
principle is not relevant to transportation facili­
ties for a number of alleged reasons, e.g., there is 
no feasible way to (a) cover full costs or (b) 
implement ideal mai:ginal cost pricing. The princi­
ples that find their way to practitioners suggest ad 
hoc rules of thumb rather than deduced results from 
a unified theory. 

The purpose of this paper is to present an inte­
grated economic transportation model that will clear 
up some of the confusion and serve as a basis for 
policy analysis. The model is set in the framework 
of welfare economics, and the results can be inter­
preted as the well-known principle of equating 

marginal social benefits with marginal social 
costs. Moreover, these concepts and principles are 
brought in touch with reality by the detailed struc­
ture of the model. All relevant investment and 
maintenance variables of a multimodal transportation 
system are incorporated in the model; service qual­
ity attributes and externalities are made explicit. 

The results reported here are a summary of sev­
eral aspects of an extensive working paper <!>· 
Optimal decision rules for investments, maintenance 
programs, and prices are derived and interpreted. 
"Second-best" issues are discussed. An original 
contribution is the derivation of optimal and ad­
ministratively feasible aggregate prices by user 
class and mode. Finally, an optimal cost allocation 
is defined as marginal-social-cost pricing followed 
by optimal taxation of consumer goods (which ex­
cludes transportation) to cover any deficit. 

INTEGRATED MODEL 

The task of this section is to model the trans­
portation system and its effects in a manner that 
facilitates the application of economic welfare 
theory to transportation policy issues. The level 
of detail is sufficient for addressing the issues of 
investment and maintenance policy, service quality 
and externalities, pricing and cost allocation, and 
intermodal effects. 

The welfare optimization prob~em can be stated in 
operations research terms as maximizing a social 

-
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objective function with respect to control variables 
subject to constraints given by the system. The 
direct arguments of the objective function are 
called the impact variables. The role of the system 
model is to relate the impact variables to the 
control variables. 

Description of the Model Variables and Relationships 

Social Objective Function 

The objective is to invest, maintain, and price in 
order to obtain the highest level of net social 
welfare possible. The problem can be formalized by 
let ting W (U) be a Bergson-Samuelson type of social 
welfare function, where U is a vector of individual 
utilities. As is often done, and to keep this 
exposition simple, utility indices in terms of 
dollar values will be assumed, and the social wel­
fare function will be the unweighted sum 

(!) 

It should be noted that, although the principles 
developed in this paper are generalizable to other 
social welfare functions, the functional form of 
specific results are critically dependent on this 
distribution-neutral social welfare function. 

The benefits to businesses that use the trans­
portation system must also be included. If a com­
petitive private sector and the distribution-neutr~l 
social welfare function are assumed, it is suf­
ficient to assess these benefits at the stage of the 
businesses as users rather than attempt to trace the 
incidence through to customers and stockholders. To 
keep the notation simple, businesses will be in­
cluded in the set of N individuals (or agents) over 
which utilities are summed, with the understanding 
that (for a business) ui denotes initial benefits 
as profits. 

Two major complicating features of an economic 
analysis of the transportation system are that the 
transportation "good" has multiple characteristics 
and that consumption of transportation services 
generates numerous externalities. Lancaster's 
formulation of consumer theory (l) is well suited to 
handle the multiple-characteristic aspects, and it 
can easily accommodate the incorporation of ex­
ternalities. Suppose individual utility (and busi­
ness profits) can be represented as an explicit 
function of two sets of variables: U(q,E). Let q be 
a vector of trip and service-quality characteristics 
such as trip destination benefits, travel time, 
operating expenses, safety, comfort, and aes­
thetics. Let E be a matrix of nonuser externalities 
such as pollution and noise, with one column for 
each link in the transportation network. Since 
these public-good-type externalities depend more on 
the total traffic level than on any one individual's 
travel, it is reasonable to view such externalities 
as impinging on the individual in his or her capac­
ity as a nonuser. In contrast, the trip and ser­
vice-quality characteristics affect the individual 
only when the individual makes a trip. This repre­
sentation admits the possibility that total travel 
level affects the service-quality level: the poten­
tial inter user externalities will be made explicit 
later. 

In the manner of Lancaster, suppose there is a 
simple linear relation between trips taken and the 
amount of trip and service-quality characteristics 
derived from travel. In particular, suppose that 
X't is the amount of trip and service quality d) derived from one trip mile on link ( t) of the 
transportation network. (Throughout this paper, a 
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"link of the transportation system" will denote a 
link of the transportation network, a structure, or 
a terminal.) Then q = Zx', where x is the row 
vector of trip miles by link and Z is the cor­
responding matrix [Zjtl. Thus, individual 
utility can be written as Ui(Zxi' ,E), where the 
subscripts denote individual (i). 

From the representation of the social objective 
function, it is clear that the pertinent impact 
variables are Z and E. Further, from the point of 
view of the individual, xi is a control variable. 
Let X be the matrix of trips by all individuals--one 
row for each individual. 

The typical welfare optimization problem is to 
maximize the social welfare function subject to a 
number of constraints, among which is the technology 
constraint--the mathematical description of all 
technologically feasible combinations of all goods. 
In a market economy, a convenient way to represent 
this technology constraint is to require that the 
total cost of production of all goods equal a fixed 
nominal gross national product (GNP): TC(X) = M, 
where M is the fixed nominal GNP and TC( ) is the 
total (private and public) cost of production of all 
goods in the economy. TC(X) should be understood to 
be the total cost of producing transportation 
services plus the total cost (net of transportation) 
of producing all final (or consumer) goods, where 
the final goods are understood to be implicit in 
this notation. For convenience of exposition, the 
total cost function is divided into public 
transportation costs, which are denoted by C( ), and 
all other public and private costs, which are 
denoted by c ( ) : hence TC ( ) = C ( ) + c ( ) . If 
public costs are expressed as gross costs before tax 
and fee receipts, then private costs clearly should 
not include taxes and fees. 

For the social welfare function 
paper, in which the social value of 
to anybody is $1.00, maximizing this 
function subject to the technology 
equivalent to maximizing 

W(U) + [M - TC(X)] 

used in this 
$1. 00 accruing 
social welfare 
constraint is 

(2) 

Time is implicit in the expression of the social 
objective function. It should be understood that 
Ui represents the discounted present value of the 
stream of dollar-value utilities and that the cost 
functions represent the discounted present value of 
the stream of costs, both computed at the same 
social discount rate. 

Control Variables 

A control variable is some quantity that the 
transportation agency has direct control over, e.g., 
resurfacing intervals and thickness, but not 
bumpiness. Although there may be a deterministic 
relation between transportation agency activities 
and the bumpiness of the road, it is best to define 
bumpiness as an intermediate state variable and to 
specify the engineering relationship between control 
variables proper and the intermediate state 
variables. 

To avoid undue complications of notation, one 
variable label (s) will be used for two groups of 
control variables. The first group consists of 
changes that are determined by investment decisions 
(such as construction, widening, and resurfacing) 
and are fixed in the short run. For example, on a 
given road segment of the highway network, these 
would include changes in length in miles, number of 
lanes, width, pavement type and base, shoulder type, 
signs and signals, geometric design features, sce­
nery, and speed limit. Variables for structures and 
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terminals can also be included. The second group 
consists of variables that can be adjusted on a 
day-to-day basis--essentially maintenance activi­
ties. These two groups of control variables will be 
represented by the vector s.11,, which will be 
referred to as the transportation program strategy 
for a specific link (.IL). Let S be the matrix of 
transportation program strategies--one column for 
each link of the transportation system. Then, the 
entire transportation construction, rehabilitation, 
and maintenance work program over time can be repre­
sented by S(t). 

Intermediate State Variables and Relationships 

Let Y.11, be a vector of aggregate load on a link 
(.IL)--for highways, specifically, the number of 
equivalent vehicles per hour and the equivalent 
18-kip axle loads per hour. Let Y(t) be the matrix 
of aggregate load flows on the transportation system 
as a function of time. 

Assume a simple linear relationship between trip 
demand by individuals and aggregate load: 

(3a) 

Y(t) = BX(t) (3b) 

where B is a matrix whose elements are equal to the 
contribution to aggregate load of one trip by a 
specific individual. 

Let r .IL be a vector of pertinent service­
ability attributes on a link (.IL). There are two 
groups of pertinent serviceability variables that 
correspond to the two groups of control variables. 
The first group consists of the state variables that 
result from cumulative past investment decisions and 
are fixed in the short run; for highways, state 
variables include length of miles, number of lanes, 
width, pavement type and base, shoulder type, signs 
and signals, geometric design features, and sce­
nery. The second group includes state variables 
affected by maintenance activities and traffic; for 
highways, state variables include bumpiness, skid 
resistance, hazards, condition of signs and signals, 
litter, and condition of rest areas. The American 
Association of State Highway Officials (AASHO) 
present serviceability index is a composite of some 
of these serviceability variables. Let R(t) be the 
matrix extension of r .11, for all links as a func­
tion of time. 

The state of the system depends on the history of 
transportation activities and aggregate load flows 
on the system. One way to represent this relation­
ship is by the differential equation: 

R(t) = F [Y(t), S(t), R(t), t] (4) 

where the dot over the variable denotes the deriva­
tive with respect to t and where F( ) is a general 
vector function that specifies the rate of change in 
serviceability as a function of instantaneous load, 
program strategy, serviceability, and time; F( ) can 
accommodate any interaction among the variables, 
including weather (through time). 

To complete the model, a relationship is needed 
between the serviceability variables and the impact 
variables that has perhaps some dependency on the 
aggregate load. Specifically, assume that such 
relationships can be represented in the following 
forms: 

Z = G(R,Y) (Sa) 

E = H(R,Y) (Sb) 
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where, as usual, the capital letters denote the 
matrix extensions of the vectors to the entire 
transportation system and time is implicit. An 
approach similar to that of the Manual on User 
Benefit Analysis (l_) can be employed to determine 
these relationships. 

In summary, the control variables of the model 
are travel (X), which determines aggregate load (Y), 
and the transportation-program strategy (S). The 
serviceability of the system is related to the 
control variables by a dynamic equation. Service­
ability and aggregate load determine the impact 
variables, which directly affect individual utili­
ties. 

Formal Statement of the Optimization Problem and 
First-Order Conditions for Optimality 

A two-state optimization procedure is chosen because 
it handles the dynamics in a simple manner and is 
easier to interpret. The first stage is to solve 
the following public-cost-minimization problem, 
given a desired serviceability of the system, R(t), 
and actual loading, Y(t). 

l. Minimize C(S) with respect to S(t) subject to 
R = F(Y,S,R,t). 

This stage of the optimization process contains most 
of the complications, in that it contains the dy­
namics of the serviceability of the system. One 
could take the Hamiltonian-Lagrangian approach to 
solving this problem, but a heuristic approach 
provides more insight. Given R(t) and Y(t), there 
may be only a few or only one compatible strategy, 
S (t), i.e., a solution to the constraint equation. 
Once a set of compatible strategies has been found, 
it is a simple matter to pick the least costly 
strategy. Let S* (R, Y) be the least costly strategy 
compatible with Y(t) and R(t). Note that for some 
(R,Y) there may be no compatible strategy, in which 
case the cost is set equal to + •. The result of 
stage one is the minimum cost function 

C(R,Y) = c [S*(R, Y)] (6) 

2. The second stage problem is to maximize 
N 

ihui (Zxi_,El - C(R,BX) - c(X) + M with respect to 

X,R subject to z = G(R,BX) and E = H(R,BX), recall­
ing that Y = BX. 

Assuming that the set of feasible control vari­
ables (that satisfy the constraints) is compact and 
convex and that the net social objective function is 
quasi-concave, the solution to this stage amounts to 
equating marginal benefits to marginal costs. The 
solution (R*,X*) can be substituted into the solu­
tion of the first stage to obtain the optimal trans­
portation-program strategy S* (R* ,BX*). The choice 
of R* can be viewed as the choice of a set of ser­
viceability standards by which the transportation 
agency can evaluate its performance and needs; A 
subset of the standards will provide guidelines for 
maintenance activities; the other standards will 
provide guidelines for the planning of new construc­
tion, improvements, and rehabilitation. 

For the concepts of total cost and marginal costs 
of a good to be well defined, the good must be 
specified in terms of relevant characteristics, and 
these characteristics must remain fixed. This is 
precisely what C(R,Y) does. Given R and Y, all the 
service-quality characteristics are determined, so 
C(R,Y) can be interpreted as the minimum public cost 
of providing the transportation good defined by 
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(R,Y) or, equivalently, as the economic cost of 
providing the good, 

For the purpose of writing the first-order condi­
tions for optimality, it is convenient to introduce 
a number of simplifying assumptions and defini-
tions. As an intermediate step, let x JI. 
fXiJI. be the aggregate travel on link (Ji.) and 

let ahJI. = (l/xJI.) CfxiJl.aui/aqh) be the weighted social 
value of quality characteristic h, and assume that 
it is constant. In other words, assume a constant 
weighted average value of travel time, etc. Define a 
serviceability value index to be VJI. _ 
~ahJl.zhJI.' which has the flavor of the 

imputed social value of a link per trip. In a simi­
lar fashion, let whJI. pui/aEhJI. be 

the aggregate social value of nonuser externali ty 
attribute h, assume it to be constant, and let 
Ell. - ~whJl.EhJI. be an index of nonuser 

externalities of a link. 
By using these definitions, the first-order 

conditions can be written as 

for all (k,JI.), and 

f(aU;-/aqh)zh 2 = [ac(X)/ax;-2] + T { [aC(R,Y)/aYi2] 

- x2(aV2/aYj2)-(aE2/aYj2)~ bw 

for all (i', JI.). 

(7) 

(8) 

The left-hand side of Equation 7 is the marginal 
social benefit (including externalities) from a 
change in the serviceability of the system, and the 
right-hand side is the marginal public cost of such 
a change. The left-hand side of Equation 8 is the 
marginal private benefit of a trip, and the 
right-hand side is the marginal social cost 
(including externalities) of a trip by individual 
(i') on link (JI.). 

OPTIMAL DECISION RULES 

The framework developed in the previous section can 
be used as the basis for deriving optimal decision 
rules. First, the conditions for the optimal 
transportation-program strategy and serviceability 
standards are interpreted and discussed, Next, 
optimal ideal and aggregate pricing rules are 
derived. In addition, second-best issues are 
briefly discussed. 

Optimal Strategies and Serviceability Standards 

The optimal serviceability standards are determined 
by the condition in Equation 7, which is in the 
familiar form of the Samuelsonian conditions for 
optimal production of a public good. The marginal 
social benefits (user and nonuser externalities) are 
summed over all individuals and equated to the 
marginal social costs, which is reasonable since 
serviceability has the character of a public good-­
all users of a particular link enjoy the same 
serviceability and all nonusers bear the same exter­
nalities. Marginal social benefits are equal to the 
sum of (a) the marginal effect of a particular 
serviceability attribute on the serviceability value 
index times the traffic volume and (b) the marginal 
effect of the particular serviceability attribute on 
total nonuser externalities. Marginal social costs 
are determined by first minimizing total costs 
(given hypothetical serviceability levels and aggre­
gate loads) and then computing the marginal effect 
of a change in a particular serviceability attribute 
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on the economic costs, given the same aggregate 
load. Given the optimal serviceability standards, 
the optimum program strategy is the minimum cost 
strategy given by the solution to the stage-one 
problem: S*(R,Y). The optimality conditions are 
valid if and only if either the aggregate load is 
also optimal or the aggregate load is independent of 
the serviceability. Deviations from these condi­
tions will be discussed under second-best issues. 

In general, investment and maintenance strategies 
are not separable. Moreover, in general, 'it is not 
possible to arrive at the optimum system solution by 
seeking a link-by-link solution. In practice, 
however, it may be reasonable to assume that the 
network spillover effects are confined to a man­
ageable subnetwork. 

Optimal Pricing Rules 

First, the ideal optimal pricing rule is derived 
from the optimality conditions. Second, an aggrega­
tion assumption is made that leads to more feasible, 
but optimal, aggregate pricing rules. Finally, the 
issue of cost recovery from optimal pricing revenues 
is briefly addressed. 

Ideal Optimal Pricing Rules 

The condition in Equation 8 is the basis for ideal 
optimal pricing rules. Assume that the individual 
maximizes a utility function subject to a fixed­
price budget constraint, where Pi'JI. is the price 
that individual (i') must pay for a trip on link 
(JI.). Then Equation 8 can be rewritten as 

Pn = [ac(X)/ax;-2 l + ~ {[ac(R,Y)/ayi2l - x2 (aV2/ayid 
J 

- (aE2/aYj2)~ bw (9) 

for all (i', JI.) [see Stahl Cl ) for a detailed 
derivation). At this price, the individual would 
freely choose the amount of travel required by the 
social optimum. 

The optimal pricing rule can be stated as a 
marginal-social-cost pricing rule. The first term 
on the right-hand side 0£ Equation 9 is the private 
out-of-pocket cost of a trip, e.g., gasoline, oil, 
and fares. The second term is composed of three 
components. The first component is the marginal 
public cost of providing a fixed transportation 
serviceability level with respect to different 
traffic loads. The second and third components are 
the marginal externality costs of travel. The 
second term captures the effects of travel on the 
value of serviceability, such as travel time and 
accident rates; thus, this term includes the famil­
iar congestion and safety externalities that users 
face. The third term is the marginal externali ty 
effect on nonusers; it includes such effects as 
pollution and noise. These three components are 
multiplied by the contribution of the individual 
(i') to aggregate loads. 

Moreover, the optimal pricing rule can be stated 
as a short-run marginal-social-cost pricing rule in 
the sense that the serviceability characteristics 
(which it will be recalled include such items as the 
number of lanes) are held constant in Equation 9. 
One of the clearest arguments for short-run marginal 
cost pricing of highways was given by Walters (4). 
This short-run marginal-social-cost pricing rule - is 
strictly valid if and only if either (a) the total 
transportation program strategy, all serviceability 
standards, and all other variables in the economy 
are optimal or (b) all suboptimal strategies, sub­
optimal serviceability standards, and other sub­
optimal variables in the economy are independent of 
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travel demand. Deviations from this rule will be 
discussed further under second-best issues. 

The expression for the optimal price given by 
Equation 9 is deceptively simple. Notwithstanding 
the practical difficulties of estimating the terms 
on the right-hand side, it should not be overlooked 
that the optimal price for an individual is a func­
tion of time and the particular link of the trans­
portation system. For example, the optimal price on 
an urban road during rush hour may be quite high, 
whereas the optimal price on a rural road at 3:00 
a.m. may be zero. Furthermore, the optimal prices 
are in uni ts such as vehicle miles of travel and 
passages over structures, which suggests a different 
tax base than is currently used. The next topic is 
concerned with devising feasible prices and taxes. 

Feasible Optimal Pricing Rules 

Considering the infeasibility of the optimal pricing 
system derived above, it is imperative that a more 
feasible system be found that also has some 
optimality properties. The approach is to use 
prices explicitly as the control variables in lieu 
of the travel variables (X). Travel demand can be 
expressed as a function of prices, xi1<.E.lr with 
all other variables implicit and perceived to be 
fixed. These demand functions can be substituted 
into the formal statement of the optimization 
problems. Since these results are an original 
contribution of this paper, the essentials of the 
derivation will be given. 

In optimizing the stage-two problem with respect 
to transportation prices, the condition in Equation 
B is replaced by 

(10) 

for all (i,1), where MSCi1 11 is equal to the 
right-hand side of Equation 9, i.e., the marginal 
social costs of a trip by individual (i') on link 
(1'). Let x be the vector of travel demands 
formed by stacking the columns of x, let p be the 
corresponding price vector and MSC the corresponding 
marginal-social-cost vector, and let H be the 

Hessian matrix of partial derivatives [axi' 1•] for all 

apu J 
(i', I.') and (i, I.). Equation 10 can then be 
written compactly as HE_ = H MSC. The second-order 
conditions on individual utility maximization ensure 
that H is invertible, so the optimum prices can be 
solved for explicitly as ~ = MSC, which is identical 
to the result of Equation 9, as should have been 
expected. 

Unfortunately, this "ideal" price system is 
impractical. More-useful results are obtainable by 
imposing administrative feasibility constraints on 
the price system, such as a single aggregate price 
for a user class and mode. 

Let v denote a particular user class (or vehicle 
class), and let m denote a particular mode (or 
subsystem of links). For each user in class v (i 
E v) that takes a trip via a link of mode m (I. E 

m), we want a common price, Pvmr i.e., Pit 
= Pvm for all i E v and I. E m. In addition, 
let Xvm= i~v t~mxi I. be the aggregate travel by user 

class (v) on mode (m), and let MCSvm i~v l.~m 

MSCit (fvm) be the average marginal social cost 
of a trip by user class (v) on mode (m), where (fvm) 
is an abbreviation for the number of individuals in 
user class (v) times the number of links of mode 
(m). By using these definitions, Equation 10 can be 
rewritten as 
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(11) 

where the summations over v' and m' mean all user 
classes and all modes. The second equality holds 
under the reasonable assumption that the deviations 
of MSCiJ!. and axi tf 3Pvm from their 
means are independent across a1l individuals and all 
links (I.). In the manner used for the ideal price 
system, aggregate vector notation can be introduced, 
and the aggregate Hessian matrix can be inverted to 
derive the optimal aggregate marginal-social-cost 
pricing rule: 

Pvm = MSCvm (12) 

for all user classes (v) and modes (m) • [Aggre­
gation by peak and off-peak periods can be handled 
in a similar way <.±.l .) 

Cost Recovery 

Suppose optimal pricing is implemented. ls there 
any hope that full costs can be recovered? Under 
the assumption that the private cost function [c(X)) 
is homogeneous of degree one (i.e., constant returns 
to scale), full private costs would be recovered by 
marginal cost pricing. Thus, the issue is whether 
full public costs can be recovered. At the global 
optimum (R*,X*), sufficient conditions for full cost 
recovery are that C (R, Y) be homogeneous of degree 
one, that V(R,Y) be homogeneous of degree zero, and 
that E (R, Y) be homogeneous of degree zero. Under 
these conditions, the short-run marginal-cost pric­
ing rule would generate a full cost allocation with­
out worry about imputing any common capital costs to 
users. 

However, there is evidence that suggests these 
homogeneity conditions are not likely to be satis­
fied. For example, there is evidence of substantial 
increasing returns to scale in highway pavement 
thickness. [As an example of how to estimate a 
component of marginal social costs, the appendix in 
Stahl (1) estimates the marginal pavement cost of 
highways-by axle-weight class. It is concluded that 
the component of marginal cost pricing due to pave­
ment wear is not likely to recover more than 10 
percent of the cost of pavement rehabilitation.) 
Also, there appear to be increasing returns to scale 
in air pollution that are not offset by design con­
siderations. In general, if the homogeneity condi­
tions do not hold, then marginal cost pricing will 
not recover full costs. With the increasing returns 
to scale suggested, there will be a deficit. (This 
result applies equally to the ideal optimal prices 
and to the optimal aggregate prices.) 

Second-Best Issues 

The implications of second-best considerations on 
optimal decision rules have been addressed in detail 
by Stahl (1) i space permits only a brief summary 
here. The- deviation of second-best rules from 
first-best rules depends on the suboptimality of the 
investment and pricing rules actually used by the 
transportation agency. Sound policy advice consists 
of advocating both optimal investment rules and 
optimal pricing. If the transportation agency makes 
a sincere effort to design its program optimally, 
then even if the existing system is suboptimal and 
even if the agency makes (uncorrelated) mistakes, 
the optimal rules are still the marginal-social-cost 
rules given by Equations 7-9 and 12. 

On the other hand, if the transportation agency 
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has a tendency to persist, for example, in 
overbuilding the highway system and underbuilding 
the mass transit system, then the optimal prices are 
higher for highways and lower for transit than the 
short-run marginal social costs. As another 
example, if urban roads are consistently underpriced 
and mass transit overpriced with respect to the 
marginal social costs, then, based on actual travel 
demand, urban roads should be underbuilt and transit 
should be overbuilt to compensate for the suboptimal 
prices. 

A more recent second-best issue concerns optimal 
deviations from marginal cost pricing to cover 
nonallocable costs. The issue arises from the 
realization that the marginal-cost pricing rules 
generally require lump-sum taxes to cover deficits 
and that in reality there exists no such thing as a 
lump-sum tax (i.e., a tax that does not affect the 
relative prices of goods). The problem of devising 
a system of taxes on commodities that covers the 
deficit and causes the least loss in social welfare 
has been recently addressed in the economics litera­
ture; for an excellent survey, see Sandmo (5). A 
widely popularized result is the "inverse elasticity 
rule" i this rule states that, if all cross-price 
elasticities are zero, then the optimal deviation 
from marginal cost pricing is proportional to the 
inverse of the own-price elasticity for each com­
modity. This result has been loosely applied to the 
problem of highway cost allocation (2_). However, 
the application of this rule to transportation is 
invalid for the following reason. 

A fundamental result of the theory of optimal 
taxation is that production efficiency is always 
desirable. Production efficiency requires that all 
producers face the true marginal social costs of all 
inputs; therefore, intermediate goods should not be 
taxed. Optimality calls for taxes on final goods or 
primary factors, not both, and not on intermediate 
goods. For the most part, transportation is an 
intermediate good. Certainly, all business uses of 
transportation qualify as intermediate goods, and 
all work commutes should also be considered 
intermediate goods. Whether to count shopping trips 
and recreation-destination trips as intermediate or 
final is debatable. Perhaps only the classic Sunday 
drive is unambiguously a final good. Thus, it 
appears that all but a small and perhaps 
insignificant portion of travel would be exempt from 
optimal taxes. Thus, a feasible optimal tax system 
to cover the deficit of the transportation agency 
would call for no user taxes. (It is necessary to 
emphasize that "tax" here means any additional 
payment above the marginal social cost, not to be 
confused with the optimal price charged by the 
government. ) 

Notwithstanding these remarks, if the government 
should decide on a user-only tax scheme for 
transportation, the best scheme (in terms of least 
welfare loss) could be determined by methods 
analogous to those used in optimal taxation theory. 
Optimal taxation of intermediate goods is an 
unsolved problem because of the complex ways such a 
tax works through the economy and affects final-good 
prices. Research on this problem is needed and 
would have important policy implications. 

CONCLUSIONS 

The integrated economic transportation model is well 
suited for considering investment, maintenance, 
pricing, and tax policies. (Cost allocation will 
also be discussed.) Optimal decision rules were 
derived in terms of the marginal social cost of 
travel. Marginal social costs include the marginal 
private costs, the marginal public costs defined to 
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be the "economic" costs of providing a given quality 
of service, and the marginal externality costs, such 
as congestion and pollution. 

To operationalize the optimal prices, the 
marginal social cost can be broken down into the 
marginal private cost (e.g., gasoline and oil) and 
the marginal public cost (government agencies and 
externalities). It is reasonable to assume constant 
returns to scale in the private sector, so full 
private costs will be recovered by marginal­
private-cost pricing. The government prices can be 
set equal to the appropriately defined aggregate 
marginal public and externality costs. The units of 
the prices could be chosen to be, for example, 
vehicle miles by vehicle weight class. Prices based 
on these units could be assessed as part of the 
annual registration process. The practical issue of 
how to cover any deficit will be discussed next. 

The common notion of a cost allocation is 
probably best described by a private-sector 
accountant's spread sheet in which several products 
are listed across the top and the customers are 
listed down the left-hand side. The costs of 
production are allocated to each customer so that 
the sum of each column is equal to the total cost of 
production for each product. The sum of each row is 
equal to the total charges for each customer. The 
spread sheet balances when the sum of all the 
columns (costs) equals the sum of all the rows 
(charges) i then, one has a full cost allocation. In 
a competitive economy, a full cost allocation can be 
obtained by simply charging each customer the market 
price for each product, because price is equal to 
marginal cost, which is also equal to average cost. 

Cost allocation is considerably more complex for 
public-sector activities because they usually 
involve public good aspects, externalities, and 
increasing returns to scale. In the presence of 
these complications, allocation by price is not 
likely to give a full cost allocation, and one must 
devise ways to apportion the deficit. The lack of a 
solid theoretical basis for a cost allocation 
underlies the criticisms of previous highway cost 
allocation (7,8). 

The major -intention behind a cost-allocation 
study is to provide information relevant to the 
formation of pr ice and tax policy. But this 
objective can be met by the direct approach of 
determining the optimal price and tax policy. Then 
if one wants the information presented in a 
cost-allocation format, it can easily be done 
because any given price and tax policy implies a de 
facto cost allocation. 

The optimal cost allocation is defined as the de 
facto cost allocation that corresponds to the 
optimal price and tax policy. The optimal cost 
allocation can be determined in two stepi;. First, 
allocate by pricing at marginal social cost and 
calculate the revenues and any deficit. Second, 
apportion the deficit by the principles of optimal 
taxation. 

With a bit of imagination and study, it should be 
possible to devise an administratively feasible 
approximation to the optimal price and tax policy 
and cost allocation that would be superior to the ad 
hoc methods currently employed. Since this optimal 
tax system would exempt transportation as an 
intermediate good, the deficit would in essence be 
allocated among agents in their role as nonusers. 
This is really the only valid argument for nonuser 
taxes to help finance transportation. It arises not 
from arguing unsoundly that nonusers should help pay 
because they benefit from transportation but, 
rather, from arguing that the deficit should be 
allocated in such a way as not to distort the 
efficient use of productive resources. A critical 
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review of the incremental-cost method, the benefit 
principle, and the newest congressionally mandated 
highway-cost-allocation study is given in Stahl 
<.!l • Before the principles advocated in this paper 
could be implemented, considerably more research is 
required to estimate properly defined marginal 
social costs. 
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