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INTRODUCTION 

Since the mid-1970's, highway fuel tax revenue has declined sig-
nificantly due to the increased effort to conserve energy. The de-
clining fuel tax revenue, which is the major source of highway funding, 
has resulted in many tax increases in order to cope with the increasing 
highway construction and maintenance costs. Because highway facilities 
are supported by the general public, the two basic issues in taxation 
always arise in these occasions. They are (1) how much more tax is 
needed and (2) how much each user group must pay. The former addresses 
the effectiveness of taxation policies while the latter addresses the 
equity in tax contributions. In this paper, both issues will be 
analyzed 
and the conditions in the Commonwealth of Virginia will be used as a 
case study. 

PURPOSE AND OBJECTIVES 

Several studies of this nature have been conducted in the U.S. [1, 
2,3] and referred to as cost allocation studies. The main emphasis of 
these studies was on the allocation of both highway construction costs 
and highway maintenance costs to different classes of motor vehicles 
(e.g., passenger cars, light, medium and heavy trucks). A general meth-
odology that has been applied is using past data of a reference year to 
perform cost allocation and then applied this result to a future year. 
The allocation process is thus static and not responsive to the dynamic 
changes of the input parameters such as travel intensity and economic 
conditions (e.g., inflation). 

Another drawback of the present studies is that highway costs are 
aggregated at the highway system level (i.e., interstate, primary, sec-
ondary and urban systems); therefore suppressing the individual charac-
teristics of each route. With this approach the projected costs for 
future allocation may not be accurate due to the fact that the local 
travel characteristics are not considered and the influence of the 
topographical conditions and weather conditions are not accounted for. 
Further, the aggregation at the highway system level does not provide 
any flexibility to prioritize future highway maintenance projects for 
each route. 

In an effort to overcome the above shortcomings, the cost alloca-
ion study conducted by the authors was structured at the route level. 
The main purpose of the study was to more accurately estimate the high-
way costs and revenue contribution over an extended period of time (from 
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1981 to 1990) and be able to test the impacts of various economic changes; 
also, to gain more insight into the importance of individual routes in 
the network so that innovative solutions to taxation planning and high-
way management may be developed. 

To achieve the above purpose, the following objectives were de-
veloped: 

1. To forecast the vehicle miles of travel by each class of 
vehicles on each route in order to estimate the revenue 
contributions, the highway maintenance costs incurred 
and the equivalent single axle loads (ESAL) to be used 
in the allocation process. 

2. To formulate a methodology to assign cost responsibility to 
each class of vehicles on each route so that the amounts of 
under and/or over payments of the vehicle classes may be com-
puted. 

The forecasts of all parameters were made using the technique of 
regression analysis based on available data from the year 1970 to 1980. 

SCOPE AND LIMITATIONS 

The Virginia Department of Highways and Transportation is respon-
sible for the interstate, arterial, primary, and secondary road systems 
which comprise of more than 52,000 centerline miles of roads (or 83,200 
km). Out - of this total, the interstate road system has about 990 miles 
(1,584 km) of roads and comprises of seven major routes; the arterial 
road system has approximately 1970 miles (3152 km) of roads and 
comprises of 13 major routes; the primary road system has more than 
6,100 miles (9,760 km) of roads and comprises of more than 280 routes. 
The remaining road mileage of approximately 42,940 miles is scattered 
over the state's land area of more than 39,000 square miles. Because of 
this large number of miles, the route-by-route approach seems imprac-
tical for all road systems in the state. The study was therefore 
divided into two stages in which the route-by-route approach was applied 
to the interstate and arterial road systems in the first stage and the 
district (or zonal) approach was applied to the primary and secondary 
road systems in the second stage. 

This two-stage approach is justified by the fact that the inter-
state and the arterial road systems are the major trunk lines of 
Virginia where the majority of travel by all types of vehicles occurs. 
The average daily traffic per mile on interstate and arterial roads in 
1981 is 22,900 and 7,750 vehicles [4], respectively. The primary and 
the secondary roads carry approximately 3,800 and 450 vehicles per mile 
per day, respectively, in the same year [4]. 

The contents of this paper cover the results of the first stage of 
the study only; the results of the second stage are summarized in Ref-
erence 1-5]. Within the limit of the two highway systems selected, high-
way construction costs are considered as sunk costs in the study since 
most of the mileage needed on these systems are completed. The only 
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type of costs considered is therefore highway maintenance costs. 

With respect to revenues, two major types of highway revenues that 
are user-related were incorporated in this study: (1) registration fee 
and (2) fuel tax. The reasons for selecting these two types of revenues 
are: 

1. They are two of the three major highway revenue sources 
of the state. Their combined contribution is more than 
75% of the total state source revenue each year. 

2. They relate directly to the intensity of highway use; and 

3. They may be easily computed on an annual basis. Because 
of this requirement, the sales-and-use tax revenue -- the 
third major revenue source which contributes about 14% 
annually -- was not considered. (Sales-and-use tax is 
paid only when a vehicle is purchased, either new or used). 

DESCRIPTION OF THE STUDY 

The Highway Network Under Study  

The total length of the network considered in this study is approx-
imately 2,900 miles, comprising of 20 routes as shown in Table 1. Routes 
with an even route number run east-west while routes with an odd route 
number run north-south. 

TABLE 1 - Description of the Interstate and Arterial Road Systems 

Route Number Length 	(Miles) Avg. 	Daily Traffic Per Mile (1981) 

Interstate: 
I-64 266.95 21,051 
I-66 65.34 20,109 
I-77 60.54 8,239 
I-81 320.82 15,428 
I-85 64.34 9,230 
I-95 139.54 39,538 
I-495 14.50 110,362 

Arterial: 
US 	7 62.71 15,714 
US 	13 72.41 8,049 
US 	17 171.63 7,574 
US 	19 72.12 8,495 
US 	23 54.74 7,236 
US 	29 176.07 11,371 
US 	33 165.05 4,837 
US 	58 413.91 4,669 
US 211 57.72 4,081 
US 220 152.27 5,792 
US 301 107.17 5,467 
US 360 195.82 5,499 
US 460 270.94 7,905 
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Classification of Vehicles  

Vehicles using Virginia highways are grouped into four classes 
which correspond to the way that traffic volume data are maintained (see 
Figure 1). The four classes are: 

Class I, including passenger cars, panel and pickup trucks and two-
axle, four-tire trucks 

Class II, including two-axle, six-tire trucks (small dump and de-
livery trucks) 

Class III, including three-axle, six to ten-tire trucks (primarily 
heavy dump trucks) 

Class IV, including three, four and five-axle combination trucks. 

Buses are excluded from the study because of their extremely low 
volume on these routes. These classes of vehicles are used to more 
accurately determine the fuel-tax and registration-fee revenues and also 
to allocate maintenance expenses based on their travel intensities and 
weights. 

General Methodology  

Figure 2 illustrates the relationships between the major components 
of the study. As shown in this figure, travel is modeled as a function 
of the population, the total state's personal income, and the average 
vehicle operating cost. The forecasted travel was then used to forecast 
the maintenance expenditures for each route. Two other uses of the 
travel forecast are the estimation of fuel-tax revenues and the equiv-
alent single axle loads. The former is a function of the fuel effi-
ciency of each class of vehicles while the latter is a function of ve-
hicle weights. The second component of revenues--registration--is a 
function of registration fees and vehicle registration. Registration 
fees in Virginia are based on the vehicle gross weight for vehicles not 
designed or used for transportation of passengers. Vehicle registration 
was determined as a function of the population and personal income. 
From these estimated parameters, the cost allocation analysis was per-
formed. 

Travel Forecast  

Multiple linear regression analysis was applied to forecast the 
average daily vehicle miles of travel by each class of vehicles on each 
route. A number of independent variables were used in the regression as 
shown in Table 2. The vehicle miles of travel for Class I vehicles were 
assumed to be functions of the average household income, the number of 
households in the state and the auto operating cost per mile. These 
variables were selected based on the hypothesis that the majority of 
vehicles in this class are automobiles and the travel characteristics 
are more or less in the category of personal travel. For Classes II and 
III, the total state population, total state personal income, and truck 
operating cost per mile were used as independent variables. The truck 
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operating cost per mile was used for these two classes because their 
travel is local in nature (short distance) and the majority of these 
trucks are privately owned. Finally, the variables used to forecast 
the travel of Class IV vehicles are the state population and the total 
personal income since the travel of heavy trucks is assumed to more 
relate to the state's economy. 

TABLE 2 - Variables Used in Regression Equations 

Class Independent Variables 

• State Average Household Income (in 1968 dollars) 
I • Number of Households in the State 

• Auto Operating Cost Per Mile (cents per mile) 

• Total State Population 
II s Total 	State Personal 	Income (in millions of 1970 dollars) 

• Truck Operating Cost Per Mile (cents per mile) 

• Total State Population 
III s Total 	State Personal 	Income (in millions of 1970 dollars) 

• Truck Operating Cost Per Mile (cents per mile) 

• Total State Population 
IV • Total 	State Personal 	Income (in millions of 1970 dollars) 

In the modeling process, the travel on two major routes was assumed 
to influence the travel on the minor routes that are connected to them. 
These major routes are Interstate 81 running north-south and located in 
the western part of the state; and Interstate 95 also running north-
south and located in the eastern part of the state., All the regression 
equations have high coefficient of determination (R values are above 
0.90 for most2interstate and primary routes; there are some primary 
routes with R values of between 0.70 and 0.80). 

Maintenance Expenditure Forecast  

The maintenance expenditures are divided into two groups, general 
maintenance and maintenance replacement, according to the classification 
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. Maintenance replacement, on the other 
hand, includes the major maintenance activities that are related to 
travel intensity and age of the pavement. 

According to historical data [6], the price index of highway 
maintenance in Virginia increases at approximately the same rate as that 
of the consumer price index of all goods (CPIAG). It is therefore 
hypothesized that future highway general maintenance expenditures depend 
on the value of CPIAG, which is used as an indicator of economic changes. 
Maintenance replacement expenditures, on the other hand, were modeled 
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as a function of travel, highway construction price index and average 
pavement age (for interstate roads only). 

In formulating the equations for maintenance replacement expendi-
tures, several forms of regression model (including linear and non-
linear) were attempted and the best-fit models were selected. This 
trial-and-error process was used because the available data did not show 
a consistent pattern of expenditures among all routes. 

Revenue Forecast  

The two sources' of revenues used in the study were computed for 
each class of vehicles using each route. The forecasted fuel tax 
revenues were computed based on the forecasted vehicle miles of travel, 
the average fuel efficiency of each class of vehicles and the tax rate 
of 11 cents (state fuel tax) per gallon of fuel for Class I and Class II 
vehicles and 13 cents per gallon of fuel for Class III and Class IV 
vehicles. The projected fuel efficiency for Class I vehicles, in miles 
per gallon, was based on two different sources [7,8], ranging from 15.5 
miles per gallon in 1980 to 25.6 miles per gallon in 1990. The average 
fuel efficiency for all trucks was assumed to be increased by 1.4% per 
year. This average figure was adjusted for Class II, III, and IV 
vehicles using the estimated percentages from past data [9]. The fuel 
efficiencies for Classes II, III and IV vehicles were assumed at 7.34, 
5.17 and 4.56 miles per gallon, respectively, for the year 1980 and 
8.28, 5.83 and 5.13 miles per gallon, respectively, for the year 1990. 

Registration fee revenues collected from each class of vehicles on 
each route were estimated using the forecast of vehicle registration at 
the state level, which had been developed in another study [10] by the 
same research team. At the state level, the number of vehicles regis-
tered each year was forecasted according to three groups: auto, bus and 
truck. Auto registration and truck registration were then apportioned 
to the selected four classes mentioned previously according to the 
percentage of vehicles in each class reported in the Census of Trans-
portation [11]. With these values, the registration fee revenues 
collected from each class of vehicles were estimated, which were then 
apportioned to each route according to the vehicle miles of travel on 
the route relative to the vehicle miles of travel in the whole state by 
that particular class of vehicles. 

Allocation of Cost Responsibility  

The procedure for allocating maintenance costs to each class of 
vehicles has greatly been debated. The basic issues are what percentage 
of the total cost may be due to environmental and weather conditions and 
what percentage may be due to the use of the highway (or by the impacts 
of axle weights). 

For pavement maintenance and replacement, the Federal Highway Ad-
ministration (FHWA) used an overall split of 30% as non-traffic related 
and 70% traffic related in its recent cost allocation study p]. The 
Joint Legislative Audit and Review Commission (JLARC) used different 
percentages of share for different highway systems and different types 
of maintenance work. For the interstate road system, JLARC assigned 
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22.6% of the cost as environmentally-related and 77.4% as weight-related 
in allocating pavement maintenance and repair costs [2]. For the pri-
mary highway system, 34% and 66% of the total pavement maintenance and 
repair costs were used as environmentally related and weight-related, 
respectively [2]. Until now, a uniform split of maintenance costs has 
not yet been developed. The percentages used are still a judgmental 
factor. 

In this paper, the total general  maintenance costs were treated as 
common costs and allocated to the vehicle classes based on their re-
spective vehicle miles of travel since the activities performed were 
routine in nature and more or less independent of the intensity of high-
way use. Replacement maintenance costs, however, were treated as oc-
cassioned costs and allocated according to the equivalent single axle 
loads of each vehicle class since more than 60% of replacement costs 
are pavement related. In order to take into account the costs incurred 
by weights and by environmental conditions, 30% of the replacement costs 
were assumed to be environmentally related and allocated according to 
the vehicle miles of travel; the remaining 70% were treated as weight-
related and allocated according to the equivalent single axle loads. The 
same percentages were used for both highway systems under study. 

To estimate the equivalent single axle loads (18 kips), the equa-
tions developed by the Virginia Highway Research Council [12] were used. 
They are; 

• For Class I vehicles: ESAL = 0.003 (ADT) 
• For Class II vehicles: Log(ESAL) _ -0.07 x 0.99 Log(365 x ADT) 	' 
• For Class III vehicles: Log(ESAL) _ -0.055 + Log (365 x ADT) 
• For Class IV vehicle's: Log(ESAL) _ -0.0578 + Log (365 x ADT) 

where ADT is the average daily traffic of the respective class of 
vehicles. 

STUDY RESULTS 

Interstate Highway System  

Travel increases by about 67% in 10 years on most of the interstate 
highways in Virginia by all classes of vehicles (from 20.2 million VMT's 
per day in 1981 to 33.6 million per day in 1990). The largest shares 
are carried by Class I and Class IV vehicles. The travel of heavy trucks 
(Class IV) in Virginia is primarily conducted on I-81, I-95, and I-64 in 
that descending order. Those routes approximately constituted 87% of 
the total travel by Class IV vehicles on the interstate highways in Vir-
ginia. Class I vehicles dominate the travel on all the interstate high-
ways with percentages ranging from 49% to 91% of all travel on individ-
ual routes. 

The projected maintenance expenditures for the interstate system 
increase at approximately 9% per year. Class I vehicles produce the most 
cost with percentages ranging from 61% in 1981 ($17.8 million) to 65 % 
in 1990 ($39.8 million). Class IV vehicles are assigned with the sec-
ond highest maintenance cost responsibility, ranging from $9.4 million 
(32%) in 1981 to $17.8 million (29%) in 1990. Classes II and III ve- 
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hicles show a percentage share of 4% and 3% respectively in 1981 and 4% 
and 2% respectively in the year 1990. Consistent with the assigned cost 
responsibility, Class I and Class IV vehicles are the predominant gener-
ators of revenues with a share of approximately 52% ($45.8 million) and 
42% ($37.2 million) respectively in the year 1981 and 49% ($52.1 mil-
lion) and 44% ($46.8 million) respectively in the year 1990. Classes II 
and III vehicles contribute approximately 5% and 2% of the total reve-
nues, respectively. 

The total revenues and cost responsibilities over the ten period 
for the interstate highway system are shown in Table 3. This table 
shows that all classes of vehicles overpay their shares of maintenance 
costs on interstate highways due to their intensive use of this road 
system. Although Class I vehicles contribute the most revenues ($485 
million) their amount of overpayment is only $211 million, which is 
lower than that of Class IV vehicles ($286 million). The reason for 
this is that Class I vehicles bear the largest maintenance burden due to 
their heavy use of the road system (in terms of vehicle miles of travel) 
whereas Class IV vehicles do not bear the same proportion of cost due to 
their weights but contribute more registration revenues based on the 
weight criterion. Secondly, Class IV vehicles have the lowest miles per 
gallon therefore contributing higher fuel tax revenue. Class I ve-
hicles, on the other hand, have the highest fuel efficiency and there-
fore contributing a smaller amount of fuel taxes per vehicle mile. 

TABLE 3 - Total Ten-Year Expenditures and Revenues 
for the Interstate System (Millions of Dollars) 

EXPENDITURES 

CLASS I CLASS II CLASS III CLASS IV ALL CLASSES ROUTE 

I - 64 115.30 4.68 2.55 28.94 151.47 
I - 66 23.67 1.01 1.18 3.31 29.17 
I - 77 14.31 0.84 0.24 6.79 22.18 
I 	- 81 56.76 3.88 1.63 53.74 116.01 
I - 85 12.50 1.22 0.21 7.88 21.81 
I - 95 46.21 2.69 2.17 25.76 76.83 
I - 495 5.40 1.41 2.05 7.34 16.20 

All 	Routes 274.15 15.73 10.03 133.76 433.67 

REVENUES 

ROUTE CLASS I CLASS II CLASS III CLASS IV ALL CLASSES 

I - 64 171.45 11.04 3.93 53.32 239.74 
I - 66 35.98 2.69 2.24 7.75 48.66 
I 	- 77 13.27 1.92 0.61 20.92 36.72 
I 	- 81 95.41 13.82 5.29 213.68 328.20 
I - 85 7.72 1.86 0.45 21.04 31.07 
I 	- 95 122.81 12.05 6.49 95.53 236.88 
I - 495 38.66 3.13 1.67 7.48 50.94 

All 	Routes 485.30 46.51 20.68 419.72 972.21 
Overpaymts. 211.15 30.78 10.65 285.96 538.54 
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For the purpose of comparison, the ratios of revenue to assigned 
cost for each class of vehicles in each year and on all routes were com-
puted as shown in Table 4.A. Also, the ratios of the sum (over the ten-
year period) of revenues to the sum of assigned costs for each class of 
vehicles on each route were computed as shown in Table 4.B. Classes IV, 
II, III and I in that order provide the highest ratio of revenues to 
assigned costs. In 1981, according to the results, these ratios are 
above 2.5. However, they all decrease as time progresses. The rates of 
decrease of the ratios are 7.8%, 4.7%, 4.2% and 4.7% per year for 
Classes I, II, III and IV vehicles, respectively. The high rate of de-
crease of Class I vehicles is due to the increase in fuel efficiency 
over the study period. 

The results also show that Class I vehicles on routes I-77 and 
I-85, and Class III vehicles on route I-495 produce revenues that are 
only 93%, 62% and 81% of their maintenance cost responsibilities, re-
spectively (see Table 4.B). There are two possible reasons for this. 
First, the vehicle miles of travel by class I vehicles on the first two 
routes and Class III on I-495 are low compared to the other routes, thus 
causing a small contribution in gas tax revenues. Secondly, because of 
the geographical location of these routes, a portion of these vehicles is 
likely to be out-of-state vehicles, whose registration-fee could not be 
accounted for. 

TABLE 4 - Ratios of Revenues-to-Assigned Costs 

(A) By Class and By Year (Sum over all routes) 

YEAR CLASS I CLASS II CLASS III CLASS IV ALL CLASSES 

1981 2.57 3.73 2.54 3.97 3.07 
1982 2.46 3.63 2.44 3.81 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 1.91 3.07 2.11 3.25 2.38 
1986 1.73 2.88 2.01 3.07 2.19 
1987 1.60 2.76 1.94 2.95 2.06 
1988 1.50 2.67 1.88 2.85 1.96 
1989 1.41 2.58 1.82 2.75 1.86 
1990 1.31 2.46 1.76 2.63 1.74 

(B) By Class and By Route (Sum over 10 Years)  

ROUTE CLASS I CLASS II CLASS III CLASS IV ALL CLASSES 

I - 64 1.49 2.36 1.54 1.84 1.58 
I - 66 1.52 2.65 1.90 2.35 1.67 
I - 77 0.93 2.29 2.54 3.08 1.66 
I 	- 81 1.68 3.56 3.24 3.98 2.83 
I - 85 0.62 1.52 2.14 2.67 1.42 
I - 95 2.66 4.47 3.00 - 	3.75 3.10 
I - 495 7.16 2.22 0.81 1.02 3.14 
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Arterial Highway System  

The estimated travel on arterial highways in the year 1990 is ap-
proximately 1.5 times the travel in 1981. The most heavily traveled 
routes are US 460, US 29, US 58, US 17 and US 360 in that decreasing 
order. The total travel on these routes constitutes approximately 70% 
of all travel on arterial highways. Class I and Class IV vehicles re-
main to be the primary users of the network and therefore the major 
revenue contributors and cost bearers. 

The average annual growth rate of maintenance expenditures on 
arterial highways is about 8% (from $32.9 million in 1981 to $67.1 
million in 1990). The average annual growth rate of revenues, however, 
is less than 0.2% (from $50.0 million in 1981 to $50.7 million in 1990). 
Because of this small growth in revenues, the ratio of revenues to ex-
penditures for all classes on the arterial system declines rapidly from 
1.52 in 1981 to 0.76 in 1990. 

Over the ten-year study period, the total maintenance cost is esti-
mated to be $485 million while the total revenues is approximately $502 
million. However, between the four classes of vehicles, Class I and 
Class II vehicles overpay their shares of $90.48 million and $2.27 mil-
lion, respectively while Classes III and IV vehicles underpay by an 
amount of $15.4 million (44%) and $59.8 million (29%), respectively (see 
Table 5). There are also large variations in maintenance costs incurred 
and revenues contributed between the arterial routes. The variations in 
revenue range from 3.6 million dollars for Route US 33 to 92.2 million 
dollars for Route US 460. Maintenance expenditures, on the other hand, 
vary from 3.2 million dollars for Route US 33 to 116.4 million dollars 
for Route US 58. One of the main causes of the variations is the route 
length. Topographical conditions, however, are also a factor. Route US 
58, for example, has an average annual maintenance cost per mile of of 
approximately $28,000 while Route US 29 has an average cost of $20,000 
per mile. Route US 58 is in a mountainous terrain as opposed to the 
rolling terrain of Route US 29. In addition, the amount of traffic on 
US 29 is approximately 2.5 times that of Route 58. 

The degree of revenue contribution relative to cost responsibility 
may be more conveniently illustrated through the revenue-to-assigned-
cost ratios as shown in Table 6. These ratios are much lower than those 
for the interstate road system (from 0.74 to 2.18 in 1981 and from 0.45 
to 0.97 in 1990). Classes I, II, IV and III in that order have the 
highest ratios over the study period. The rate of decrease of the 
ratios is still highest for Class I vehicles (9.4% per year) then fol-
lowed by Class II (6.3%), Class IV (6%) and Class III (5.7%). 

With respect to individual routes, Class I vehicles pay their 
"fair" share on all routes except Routes US 13 and US 58. Because of 
the maintenance costs incurred on these routes are high compared to the 
level of traffic that they support, the revenue-to-cost ratios are below 
1.0 for all classes of vehicles. 
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TABLE 5 - Total Ten-Year Expenditures and Revenues 
for the Arterial System (Millions of Dollars) 

EXPENDITURES 

CLASS I CLASS II CLASS III CLASS IV ALL CLASSES ROUTE 

US 	7 5.08 0.75 1.31 2.91 10.05 
US 	13 22.20 3.21 1.93 30.85 58.19 
US 	17 24.16 2.89 2.86 22.36 52.27 
US 	19 4.97 1.28 3.54 3.03 12.82 
US 	23 8.32 2.03 3.14 7.04 20.53 
US 	29 19.07 1.14 0.40 15.27 35.88 
US 	33 1.95 0.29 0.30 0.65 3.19 
US 	58 53.28 5.53 6.39 51.22 116.42 
US 211 3.19 0.11 0.37 0.66 4.33 
US 220 12.77 0.89 0.83 9.05 23.54 
US 301 16.66 1.80 1.54 21.86 41.86 
US 360 15.68 0.80 1.22 8.06 25.76 
US 460 34.12 2.87 11.05 32.00 80.04 

All 	Routes 221.45 23.59 34.88 YTUF 484.88 

REVENUES 

CLASS I CLASS II CLASS III CLASS IV ALL CLASSES ROUTES 

US 	7 12.50 0.72 0.48 1.31 15.01 
US 	13 14.65 1.56 0.41 8.01 24.63 
US 	17 34.41 2.67 1.14 10.77 48.99 
US 	19 7.44 0.95 1.03 1.12 10.54 
US 	23 12.85 1.61 1.01 2.75 18.22 
US 	29 48.06 2.75 0.47 20.87 72.15 
US 	33 2.99 0.24 0.10 0.28 3.61 
US 	58 48.37 4.72 2.61 25.60 81.30 
US 211 11.63 0.18 0.22 0.50 12.53 
US 220 21.34 1.94 1.03 13.76 38.07 
US 301 18.68 2.08 0.87 15.30 36.93 
US 360 29.63 2.06 1.79 14.81 48.29 
US 460 49.38 4.38 8.33 30.06 92.15 

All 	Routes 393 25.86 19.49 145.14 502.42 
Overpaymts. 	90.48 2.27 -15.39 -59.82 17.54 

CONCLUSION 

The study's results have shown that there are significant vari-
ations in revenue contributions and assigned cost responsibilities be-
tween the highway systems, highway routes and vehicle classes. The 
heavily traveled Interstate road system is financially better off than 
the moderately traveled Arterial road system. Even on a per-mile basis, 
the revenue-to-assigned-cost ratios for the interstate routes are from 
1.4 to 3.1 whereas, for the arterial routes, they vary from 0.4 to 2.8. 
This suggests that there is a "cross-subsidy" among the routes in the 
state. Also, Class I (passenger cars and light trucks) and Class IV 
vehicles (heavy trucks) contribute more revenues than the other two 
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TABLE 6 - Ratios of Revenues to Assigned Costs (Arterial System) 

(A) By Class and By Year (Sum over all routes)  

YEAR CLASS I CLASS II CLASS III CLASS IV ALL CLASSES 

1981 2.18 1.47 0.74 0.95 1.52 
1982 2.00 1.38 0.69 0.89 1.40 
1983 1.82 1.29 0.65 0.83 1.29 
1984 1.64 1.21 0.61 0.79 1.18 
1985 1.52 1.14 0.58 0.74 1.10 
1986 1.38 1.06 0.55 0.70 1.02 
1987 1.26 1.00 0.53 0.66 0.94 
1988 1.15 0.95 0.50 0.62 0.87 
1989 1.06 0.90 0.48 0.59 0.81 
1990 0.97 0.85 0.45 0.56 0.76 

(B) By Class and By Route (Sum over 10 years) 

YEAR CLASS I CLASS II CLASS III CLASS IV ALL CLASSES 

US 	7 2.46 0.96 0.37 0.45 1.49 
US 	13 0.66 0.49 0.21 0.26 0.42 
US 	17 1.42 0.92 0.40 0.48 0.94 
US 	19 1.50 0.74 0.29 0.37 0.82 
US 	23 1.54 0.79 0.32 0.39 0.89 
US 	29 2.52 2.41 1.19 1.37 2.01 
US 	33 1.53 0.83 0.34 0.43 1.13 
US 	58 0.91 0.85 0.41 0.50 0.70 
US 211 3.64 1.62 0.61 0.76 2.89 
US 220 1.67 2.18 1.24 1.52 1.62 
US 301 1.12 1.15 0.56 0.70 0.88 
US 360 1.89 2.57 1.47 1.84 1.87 
US 460 1.45 1.53 0.75 0.94 1.15 

classes of vehicles. And among all classes, the revenue-to-assigned-
cost ratios are significantly different, suggesting a "cross-subsidy" 
even between the classes of vehicles. Finally, if the interstate and 
arterial road systems are combined, the cost ratio declines from 2.24 
in 1981 to 1.22 in 1990, suggesting a need for higher user charges in 
the near future. 

The general merit of this study can be recognized from two aspects. 
First, it provides the information needed for the refinement of the ex-
isting tax structure so that an equitable and effective charging scheme 
can be developed. The fuel tax and registration fees paid by Class I 
vehicles are in excess of their estimated cost responsibility for the 
above mentioned highway systems. Trucks, on the other hand, underpay 
their share of costs on routes that are not heavily used. This suggests 
that the user fees based on weight criterion must be adjusted to compen-
sate the discrepancy between costs and revenues. 

The results of the study also indicate that for highway routes that 
are not heavily used, their revenue-to-cost ratios are likely to be be-
low 1.0. Thus, on the primary and secondary road systems, the ratios of 
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revenue to cost would very likely be below 1.0. The question that arises 
here is that should a different highway financing mechanism be developed 
for these two road systems if equity is the main concern? The authors 
feel that at least the secondary road system should be financed locally 
(through local auto ownership fees, for example). This is because the 
secondary roads provide services mainly to the local users, rather than 
the whole state's population. 

The second aspect of the study is that it shows the degree of im-
portance of the routes in the state highway system -- in terms of travel 
and financial viability -- which may help to formulate a priority scheme 
for the maintenance and improvement of the routes. This priority scheme 
can be provided by ranking the routes based on their expected travel 
intensity and financial viability. 

In summary, with the present tax structure (fuels tax rate and 
registration 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 ten 
years. An increase in highway-user charges seems necessary in the near 
future to cope with the increasing maintenance cost. 

Notes to the reader: 

This study had been completed prior to the increase in highway 
user charges which took effect on July 1, 1982. The results presented 
here therefore do not reflect the new changes in highway taxation. 
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