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is that the user charges do not contain any fixed or 
annual components, such as registration or weight 
fees. Efficient prices, based on short-run marginal 
costs, would be sufficient to raise revenues on the 
current system that would cove r at least a share of 
the fixed costs of the system without levying any 
access charges. Unless more revenues are desired, 
there is no need to allocate fixed costs of highway 
construction to vehicle classes for purposes of 
calculat i ng highway user char ges , Instead , the task 
is to estimate more accurate ly the t rue marginal 
costs of highway use and to design collection in
struments that approximate the correct prices at the 
least cost. 
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Maintenance Cost-Allocation Study for Virginia's 
Interstate Highways 
ANTOINE G. HOBEi KA AND THANH K. TRAN 

The maintenance cost responsibilities for all classes of highway users on Vir· 
ginia's Interstate highways are examined. The purpose is to compare the future 
fuel-tax and registration-fee revenues to the future maintenance expenses con· 
tributed by each class of vehicles. The study is composed of four major steps : 
la) forecasting travel on each route by each class of vehicles, (b) forecasting 
general and replacement maintenance expendituros on oaoh route, (c) fore
casting of fuel-tax and registration-fee revenues con trlbutotl by each class of 
vehicles on each route, and (d) allocation of maintenance expenditures. The 
allocation of general maintenance expenditures was performed by using the ve· 
hicle miles of travel for each class. The replacement maintenance expenditures, 
on the other hand, were divided into two categories : weight-related (allocated 
based on the equivalent single axle load) and environmental-related (allocated 
according to travel). The results show a cross-subsidy among different classes 
of vehicles and also among different routes. He@vil y trnvoled rou tos show high 
revenue-to-expenditure ratios over the study period (from 1981 to 1990). 
Based on the present fuel-tax rate and registration fees, the revenue-to-expendi-

ture ratio for the Interstate system in Virginia declines significantly toward the 
end of the decade, which suggests the need for an increase in fuel-tax rate and 
registration fees. 

The energy shortages in the early 1970s have forced 
the United States to conserve energy, especially in 
transportation. The conservation efforts resulted 
in increased automobile fuel efficiency, which in 
turn caused a decline in fuel-tax revenue--a major 
source of highway funding. The decline in revenue 
coupled with the constantly increasing highway con
struction and maintenance costs have greatly de
creased the ability of state highway agencies to 
maintain and improve the highway system. 

-,.. 
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Figure 1. Conceptual framework of 11Udy. 
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One of the immediate solutions to this financial 
crisis is to raise the highway user's tax. However, 
to equitably charge highway users, there is a need 
for a study on the revenues contributed and the 
costs attributable to different classes of vehicles 
(passenger cars and light, medium, and heavy 
trucks). The comparison between revenues and costs 
helps to formulate the tax rate for each class of 
vehicl.es so that a fair cost-responsibility scheme 
can be developed as a basis for future highway taxa
tion policies. 

PURPOSE 

Several cost-responsibility studies have been con
ducted in which the total expenditures at one point 
are compared with the total revenues by different 
c lasses of vehicles, independent of route character
istics and of future variation in travel intensity 
and travel costs (l-3). Because of these shortcom
ings, past studies-did not provide an accurate pro
jection of revenues and highway costs and might have 
caused a bias in cost-responsibility assignment. In 
this study, the assignment of cost responsibilities 
was per formed on a route-by-route basis for the 
Interstate highway system in Virginia over a 10-year 
period (from 1981 to 1990). 

. With this approach, the purpose of this study is 
first to formulate a taxation scheme based on their 
respective responsibility; second, it is to examine 
the future financial viability of each route. Mani
festation of the forme·r is the desired equity in 
taxation and of the latter is the possible innova
tions in h ighway management such as the red i s tr ibu
tion of funds and the establishment of toll roads. 

BACKGROUND 

Interstate Highway System in Virginia 

All major Interstate highways were considered in 
this study except those that are beltways around 
large metropolitan areas. These Interstate routes 
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are heavily traveled by both passenger cars and 
trucks and were div ided into two g·roups: (a) major 
through-state routes, which include I-81 (western 
Vitg inia ) and I-95 (eastern Virginia) and (b) local 
or feeder routes, which include I-66, connecting 
I-81 and the Washington, DC, metropolitan area1 I-64 
in central Virginia, intersecting I-81 and I-95; and 
finally I-77, running through the southwestern tip 
of the state and intersecting I-Bl. The location of 
the routes plays a significant role in the forecast 
of travel, which will be discussed later. 

Clas·sification of Vehicles 

Vehicles that use Virginia highways are grouped into 
four classes corresponding to the way in which 
traffic-volume data are maintained. The four 
classes are as follows: 

Class 1, which includes passenger cars, panel and 
pickup trucks, and two-axle, four-tire trucks; 

class 2, which includes two-axle, six-tire trucks 
(small dump and delivery trucks); 

Class 3, which includes three-axle, six- to ten
tire trucks (primarily heavy dump trucks); and 

Class 4, which includes three-, four-, and five
axle combination trucks. 

Buses are excluded from the study because of 
their extremely low volume on these Interstate 
routes. These classes of vehicles are used to more 
accurately determine the fuel-tax and 1:eg ist.ration
fee revenues and also to allocate ma i ntenance ex
penses based on travel intensities and weights. 

FRAMEWORK OF STUDY 

The framework of the study is illustrated in Figure 
11 it includes fou.r major tasks: travel forecast, 
maintenance-expenditure forecast, revenue forecast, 
and cost-allocation analysis. 

As shown in Figure 1, travel is a function of the 
state population, state economy, and travel cost. 
The influence of travel cost on trailer trucks, how
ever, is assumed to be negligible since (a) the 
travel cost incurred to trailer trucks is more 
likely to be passed to the users of the commociities 
being transported and (b) the shift in transport 
mode and/or changes in demand due to increased 
travel cost may not be realized at the route level. 

The forecast of travel in conjunction with the 
age of the pavement is then used to forecast main
tenance expenditures for each route. TWO other uses 
of the travel forecast are the estimation of fuel
tax revenues and the equivalent single axle loads 
(ESALs). The former is also a function of the fuel 
efficiency of each class of vehicles, whereas the 
latter is a function of vehicle weights. The second 
component of revenues--registration--is a function 
of registration fees and vehicle registration . 
Registration fees in Virginia are based on the ve
hicle gross weight for vehicles not designed or used 
f~r transportation of passengers. Vehicle registra
tion was determined as a function of the population 
and the economy. From these esti111ated parameters, 
the cost-allocation analysis was perfor.med. In the 
following section, a detailed descr ipt.ion of each 
task is presented. 

DESCRIPTION OF TASKS 

Travel Forecast 

Multiple linear regression analysis was applied to 
forecast the average daily vehicle miles of travel 
(VMT) by each class of vehicles on each route, The 
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data set used includes the values of a number of 
independent variables from 1970 to 1979. The VMT 
for class-1 vehicles is assumed to be a f unctlon of 
the average household income, t_he number of house
holds in the sta.te, c1nd the automobile operating 
cost per mi le. These variables were selected based 
on the hypothes i s tha the majority of veh i cles in 
this cl·ass are automobiles and the travel character
istics are more or less i n the category of personal 
travel. For classes 2 and 3, the independent var i
ables are the same: total state population, total 
state personal income, and truck operating cost per 
mile. The truck operating cost per mile was used 
because the travel b_y these classes is more local 
(short distance) in nature and the majority of these 
trucks is privately owned. Finally, the variables 
used to forecast travel of c l ass-4 vehicles are the 
state population and the total personal income since 
the t_ravel of heavy trucks is assumed to be more 
related to the state's economy. 

In the modeling process, I -81 and I-95 were con
s.idered as the major routes .in the state because 
they are more frequently used for all trips. It is 
therefore hypothesized that the travel on I-81 and 
I-95 would have an effect on the travel on other 
routes. Thus, VMT on I-81 and I - 95 was used as the 
independent v.ar i able in the equations for other 
rGutes. The results· have shown that truck travel 
(classes 2, 3, and 4) on I-81 and I-95 indeed af
fects truck trave l on other routes. The same phe
nomenon did not occur for class-1 vehicles because 
the travel of this class is too highly correlated to 
household income and number of households in the 
state. 

The forecast of the state total personal income 
was performed by using an annual growth rate of 10 .5 
percent starting in 1980 (4). The proj ected values 
for the state population were adopted from a study 
done by the Virginia Department of Planning and 
Budget (~), 

Forecas.t of Maintenance Expendi tut es 

The maintenance expenditures are divided into two 
classes--general maintenance and maintenance re
placement--according to the classi fication of the 
available data. General maintenance includes those 
activities that are performed every year or those 
that are more related to weather and environmental 
conditions. Maintena.nce replacement, on the other 
hand, includes the major maintenance activities that 
are related to travel intens ity and age of the pave
ment. 

According to historical data (6), the price index 
of highway maintenance .increases at approximately 
the s·ame rate a s tha t of the consumer price i ndex of 
overall goods (CPIOG). lt is therefore hypothesized 
that fu t ure highway general-maintenance expendi tures 
depend on the value of CPIOG. The forecast of 
general-maintenance expenditures is performed on a 
per-mile basis for ease of computation. Percentage 
of the r eplacement expend i tures is in the pavement
related work. I t i s therefore hypothesized that the 
maintenance-replacement expendi tures are functions 
of the tota l t _r uck travel (i.e., c l asses 2 , 3 , and 
4) and the age of the pavement. 

In formulating the equations for maintenance
replacement expenditures, sever a l f orms of the 
regression model (including linear and nonlinear) 
were attempted and the bes t-fit models were se
lected . This t ri a l-and-e rror process was us ed be
cause the available data did not show a consistent 
pattern of expenditures among the routes. 

Forecast of Revenues 

The two sources of revenue used in the study are 
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fuel-tax revenues and registration-fee revenues. 
Fuel-tax revenues are computed based on the forecast 
VMT, the aver.age fuel efficiency of each class of 
vehicles, and the state fuel tax per gallon of 
fuel. The projected fuel effio.iency for class-1 
vehicles ranged from 15.5 miles/gal in 1980 to 25 . 6 
miles/gal in 1990. The average fuel. efficiency for 
all trucks was assumed to increase 1.4 percent pee 
year (7). This average figu.re was adjusted for 
classes-2, 3, and 4 vehicles by using the estimated 
percentages from past data (7). 

The registration-fee revinues for each class of 
vehicles were estimated as the product of the number 
of registered vehicles and the fees per vehicle, 
which are based on their size and weigh t . 

Expenditure Allocation 

Many different techniques have been used to allocate 
highway maintenance expenditu.res to vehicle classes 
(l ,8,9). A common problem that ex.ists in these 
techniques is the estimation of the proportion of 
ma i ntenance expenditures that is related to environ
mental damage and the proportion that is related to 
traffic. The Joint Legislative Audit and Review 
commission of the Virginia General Assembly (1) used 
a split of 77 percent and 23 percent as weight
related and environmentally related, respectively. 
The Federal Highway Administration (9), on the other 
hand, used a split of 70 percent and 30 percent as 
traffic-related and non-traffic-related, respec
tively. For this paper, 70 percent of the replace
ment-maintenance expenditures were assumed to be 
traffic-related and allocated according to the 
relative weight of each vehicle class by using 
ESALs. The remaining 30 perce.nt of the replacement 
expendi tures--which are assumed to be common to all 
vehicles--were allocated accoi:-ding to VMT of each 
vehicle class on the route. 

The general- maintenance expenditures were trea·ted 
as common to all vehicle classes and allocated ac
cording to VMT. This is because a large fraction of 
the activities are related to the environment and 
weather instead of to vehicle weight. Thus the cost 
responsibility of each vehicle class was estimated 
based on the use of the highways. 

Revenue Attribution 

The two major sources of revenues considered, as 
mentioned previously, were fuel-tax revenues and 
reg.istration-fee revenues. Since the V'K'I' by each 
class of vehicles on each route was determined, the 
amount of fuel consumed is obtained by dividing the 
VMT b_y the corresponding average miles per gallon. 
The fuel-tax revenue attributed by each class is 
simply the amoun t of f ue l consumed mult i plied by the 
fuel-tax rate. The tax rate was held constant 
during the analys i s period for the purpose of as
sessing the adequacy of future fuel-tax revenues. 

The attribution of registration-fee revenues by 
each class of vehicles on each route was estimated 
as the product of the registration-fee revenues per 
VMT for that particular class and the VMT of that 
class on the route being considered. 

Based on the developed equations and procedures, 
revenues and maintenance expenditures for eaoh route 
were est i mated for the period from 1981 to 1990. 
The following section will present the results of 
the study. 

RESULTS OF STUDY 

Travel 

Travel increases by about 67 percent in 10 years on 
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most of the I nterstate bl.ghways i n Vi rg i n i a by all 
classes of vehicles ( from 20, 2 million VMT/day in 
1981 to 33 .6 mi llion VMT/day in 1990). The largest 
shares are care ied by class -1 and class -4 vehicl es. 
I-64, I-8 1 , and l-95 rema i n the most heavily 
t raveled routes, fol.lowed by l-495, I-66, I-77, and 
I-85. The tr ave l of hea vy tr ucks (class 4) i n Vi r 
ginia i s primari l y conducted on ! - 81, I - 95, and I -64 
in that descend i ng order. Those routes consti tu te 
approximately 87 percent of the total trave.l by 
class-4 vehicles on t he I nterstate h i ghways in Vir
ginia. Clas s- l vehicl es dominate the trave l on a ll 
the Interst ate highways: per centa ges r ange ftom 49 
to -91 percent o f a ll t he travel on the route. The 
continued growth in population and in total personal 
income in Virginia in a ddition to the deccease in 
the number of persons per household are the main 
forces behind the sustained growth in travel. 

Expenditures 

The projected ma intenance expenditures for the sys
tem (excluding urbc1n beltways) increase at an annual 
rate of 10 percent. Cl a s s-! veh i cles, according to 
the model allocat i on procedure discussed earl i er, 
produce the most costs ; percentages range from 57 
percent in 1981 t o 62 percent in l.9901 class-4 vehi
cles follow with percentages ranging from 36 to 32 
percent in 1981 and 1990, respectively, Cl .ass-) and 
class-2 vehicles contr i bute only a small share, 
approximately 3 and 4 percen t of the total ma i nte
nance expenditures, .respec t ively. Rowever, this 
picture is no t consistent over all the routes of the 
system. Trailer trucks (class 4) produce more total 
maintenance cos ts than class-1 veh i cles on I-81, 
I-85, and 1-495 accordi ng. to the cumulative 10-year 
expenditur e s shown i n Table l. This cla.ss of vehi
cles comes c l ose to pr oduci ng the same cos t s a s 
class 1 on I-77. I n spite o f t his va.riation in cos t 
distr ibution among classes, I-64, I-81, and I-95 
generate most of the costs (79 percent) of the 
system (see Table 1). 

Revenues 

Consi stent wi th expenditures, class-! and class-4 
vehicles are the predomi nant generators o f revenue 
and prov i de the highest f uel-tax a nd registration 
revenue, r espectively. Regi s tration revenue makes 
up approximately 18 percent of the to t a l revenue, 
which is struc t ured on the gross we i gh t of the 
veh i cle in Vi rg i n i a. Bes ides, the annual inccease 
in revenue, whether fuel-tax or registration, is 
growing at about 3 percent under the exis ting tax 
structure, compared with 10 perce nt annua l gr owth in 
expenses. 

Similar to expenditures, trailer trucks con tr ib
ute more revenue than class-! vehicles on I-81, 
I-85, I-77, and I-95, as shown in Table 2. With 
respect to tot.al revenue, I-81, r-64, and I-95 pro
vide the largest amounts of revenue in that descend
ing order (see Table 2). 

Allocation Analysi s 

In general, the results show that the total revenue 
is greater than the maintenance expenses on all the 
routes for the study period. On the average, the 
ratio of revenue to expenditures varied from 1.54 to 
4.11 on the d i fferent routes of the Interstate sys
tem in 1981 and will d rop from 1.17 to 2.84 in 
1990. Also, the revenue-to-expenditure ratio for 
all classes of vehicles drops from 3.07 in 1981 to 
1.74 i n 1990 as shown i n Ta ble 3. Class es 4, 2, 3, 
and 1, i n t hat order, pr ov i de the h i ghes t percentage 
of revenue to expend i tu.res. The r eas on for this 

23 

outcome is that class-4 vehicles have the lowest 
number of miles per gallon of fuel and class-! vehi
cles have the highest. And from the point of view 
of expenditure, class-! vehicles have the most VMT 
on the Interstate system and therefore take a much 
larger share of general-ma intenance expenditures, 
which is the major component of mai ntenance expendi
ture. 

The results also show that class-! vehicles on 
I -77 and I - 85 and c l ass-3 veh i cles on I - 495 produce 
revenues that are only 93, 62, and 8.1 percent of 
the i r con t r i buted maintenance costs, respectively 
(see Table 3) • There are two possible reas ons for 
th i s. First, the VMT by class-! veh i cles on the 
first two r·outes and clas s 3 on I -495 are l ow com
pared with that for the other routes, thus causing a 
small contribution in gasoline-tax revenues. 
Second, because of the geographical location of 
these routes, a part of class-! vehicles is likely 

Table 1. Total 10-year expenditures by class and route. 

Millions of Dollars 

Route Class I Class 2 Class 3 Class 4 All Classes 

1-64 115.30 4.68 2.55 28.94 15 1.48 
1-66 23 .67 1.01 1. 18 3.31 29. 17 
1-77 14.3 1 0.84 0.24 6.79 22 .18 
1-81 56.76 3.88 1.63 53.74 116.01 
1-85 12.50 1.22 0.2 1 7.88 21.82 
1-95 46.21 2.69 2.17 25.76 76.84 
1-495 5.40 1.41 2.05 7.34 16.20 

Table 2. Total 10-year revenues by class and route. 

Millions of Dollars 

Route Class I Class 2 Class 3 Class 4 All Classes 

1-64 171.45 11.04 3.93 53.32 239.73 
1-66 35.98 2.69 2.24 7.75 48.66 
1-77 13.27 l.92 0.6 1 20.92 36.73 
1-81 95.41 13.82 5.29 213.68 328.20 
1-85 7.72 l.86 0.45 21.04 31 .06 
1-95 122.81 12.05 6.49 95.53 237.88 
1-495 38.66 3. 13 1.67 7.48 50.93 

Table 3. Ratios of revenues to expenditures. 

Rou te Year Class I Class 2 Class 3 Class 4 All Classes 

By Class and Year 

198 1 2.57 3.73 2.54 3.97 3.07 
1982 2.46 3.63 2.44 3.8 1 2.94 
1983 2.24 3.42 2.32 3.60 2.72 
1984 2.03 3.23 2.21 3.42 2.53 
1985 1.9 1 3.07 2.11 3.25 2.38 
1986 1.73 2.88 2.01 3.07 2.19 
1987 l. 60 2.76 1.94 2.95 2.06 
1988 I.SO 2.67 l.88 2.85 l.96 
1989 1.41 2.58 l.82 2.75 l.86 
1990 1.31 2.46 1.76 2.63 1.74 

By Class and Route (sum of 10 years) 

1-64 1.49 2.36 l.54 1.84 1.58 
1-66 1.52 2.65 l.90 2.35 1.67 
1-77 0.93 2.29 2.54 3.08 l.66 
1-81 1.68 3.56 3.24 3.98 2.83 
1-85 0.62 l.52 2.14 2.67 l.42 
1-95 2.66 4.47 3.00 3.75 3.10 
1-495 7.16 2.22 0.81 l.02 3.14 
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to be out-of-state vehicles, whose registration-fee 
revenue could not be accounted for, 

CONCLUSION 

The study results showed that the forecast revenues 
collected from each class of vehicles are greater 
than the expected maintenance expenditures on the 
Virginia Interstate highway system. They also indi
cated tha.t there is a cross-subsidy among the routes 
in the state (i.e., heavily traveled routes generate 
more revenue than lightly traveled routes), 

In general, heavy trucks (class 4) using the 
Interstate highway system in Virginia contribute 
more revenue than other classes of vehicles. And 
among all classes, the revenue-to-expenditure ratios 
are significantly different, which suggests a cross
subsidy even between the classes of vehicles. 

With the present tax structure (fuel-tax rate and 
registrat i on fees), the revenues collected from the 
use of the state highways in Virginia are likely 
insufficient to pay for the maintenance expenses, 
much less for the construction of new highways in 
the next 10 years. An increase in highway user 
charges seems necessary in the near future to cope 
with the increasing maintenance cost. Manifestation 
of this need is the fact that the Interstate high
ways have had the highest revenue-to-maintenance
expenditure ratio and this ratio seems to decline 
rapidly in the next 10 years. 
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Transit Financing and the Cities: The Record and the 
Views of the Nation's Mayors 
LINDA GORTMAKER 

Because of the concerns expreised by the nation's mayors and other elected 
officials about tho financial condil'lons of their cl ties' transit aystoms, tho U.S. 
Conforonco of Moyors, in cooperation with the Urban Mass Transportation Ad· 
ministration, conducted a survey in the fell of 1980 on tho current local tran,lt· 
financing situation across the nation. Although many studias have been con
ducted about Individual ,ystoms or transit financing in general, none have pro
vided o sys1ematJc, comprehensive view of the fiscal problem, of the nation's 
major general1>urpose transit systems. Although city govornmonts have dole· 
gated tho day-to-day operations of most urban transit systems to transit 
nuthorities, many transit agcnclot lack independent financial powers. The 
public turn, to local elected officials to develop ways to raise funds for capitnl 
and operations. This ttudy investigated the'8 areas from the mayors' perspec
tive: current support lovels for transit; earmarked transit taxes and other fl. 
nanclal resources; adminiS1rntivo and intergovornmontal relationships; prob· 
lems with fedora!, state, nnd local funding p1ogrnms; faro policy end pricing; 
potential now funding options for cities end oleeted officials' reactions; voter 
occuptabllity of funding options; impoC1 of SeC1ion 504 rogulotloni; and recom
mendations from tho cities themselves on ways to solve their translt·llnanclng 
dilemmas. In this survey, 132 cities participated of a possible 139 major cltiOJ 
from urbanized areas that had a population of more than 200 000 plus two 
dozen smaller cities. Both telephone and mail-back interview techniques were 
used. 

Mayor s have long recognized that public transporta
tion is essential to their communities' vitality and 
economy. As financial resources at all levels grow 
tighter, mayors face g reate-r challenges in financing 
the capital and operating costs of their transit 
systems, This is made even more difficult by the 
soaring price of gasoline and by other factors, 
·which in many cities have pushed riderships to their 
highest levels, In the context of these challenges, 
the U.S. Conference of Mayors, in cooperation with 
the Urban Mass Transportation Administration of the 
u .s. Department of Transportation, undertook a 
comprehensive survey of 139 cities to document the 
transit-financing performance and outlook for the 
1980s of the nation's ci ties . 

The Reagan Administration's new public transpor
tation policy emphasizes the use of federal funds 
for capital e xpenditures for tr ansit systems but 
seeks a solitary local and state role in financing 
operating expenses after FY 1984. 

The federal-state-local partnership has charac-
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