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Figure 3. General development potential, year 2000. 
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though trade between Europe and northeast Africa 
will still tend to be that of northeast Africa--
exporting mostly unprocessed materials and 
finished goods--the semiprocessing of raw 
is expected to become more economical, 
advantageous because of the value added. 

importing 
materials 
which is 
In addi-

tion, the linking of urban systems will result in 
positive scale effects, such as the increased size 
of the markets. This will provide new opportunities 
for the location of market-orientated industries. 
Finally, the transportation axis is expected to 

Transportation Research Record 826 

trigger the development of agricultural, mineral, 
and industrial potential previously not exploited 
because of limited access. 

Although the western alignment does not at pres
ent have any potential as a trade route, it may have 
a completely different potential, namely, that of 
opening new resource frontiers. In the past, a sym
biotic relationship existed between any transporta
tion route and economic activity. Roads were first 
developed to serve areas of known agricultural and 
mining potential. With the development of the 
transportation route, new areas of agricultural and 
mineral potential were discovered and more roads 
were then developed to serve these as the cyclical 
process continued. The development of roads along 
the Nile is a good example of this process serving 
either agricultural or mining activities. In the 
case of the western alignment, its major potential 
is in opening new resource frontiers and the impor
tant question is whether it is necessary to first 
construct the road before determining the mineral 
potential of the adjoining land. With remote sens
ing techniques and mobility other than road trans
port, it is more advisable to determine the mineral 
potential to some extent before investing in the 
road. 

CONCLUSION 

In conclusion, the research supports the major hy
pothesis of the paper that there is a case for pro
moting the development of a permanent, continuous 
transportation axis to link Europe and northeast 
Africa as well as to link various African coun
tries. A spillover of this research is the substan
tiation that transportation routes have different 
potentials depending on the nature of the economic 
activity along the alignment. Finally, this study 
indicates the role of transportation in facilitating 
the worldwide trend toward economic integration in 
northeast Africa. 

ACKNOWLEDGMENT 

This paper is an abridgment of a research project of 
the same title that was sponsored by Doxiadis Asso
ciates International, Consultants on Development and 
Ekistics, Athens, Greece. 

Publication of this paper sponsored by' Committee on Transportation l'rogrllm
ming, Planning, and Evaluation. 

Graduated System of Fees for Automobile 
Registration in Virginia 

ANTOINE G. HOBEi KA, THANH K. TRAN, AND F. GORDON 

A system of graduated registration fees based on the classification of the auto
mobile stock into subcategories by weight is examined for Virginia. The feasi
bility of such a fee system and other alternatives for classification of the auto
mobile fleet are explored. An econometric forecasting model based on a series 
of multiple-regression equations is then developed to model the weight classifi
cation scheme and to determine the potential impacts of such a system of 
registration fees on the transportation revenues of the Virginia Division of 
Motor Vehicles. Registration revenues are expected to decline under any tax 
scheme. However, a weight-based system of graduated fees that favors smaller 

automobiles will precipitate the decline. Under the moderate-inflation scenario, 
the loss may amount to well over $6.5 million/year by 1985. Future fuel and 
automobile prices will merely dictate the speed and the degree of loss in reve
nues. 

The Division of Motor Vehicles (DMV) of the Common
wealth of Vi r ginia receives revenues from 16 
sources, More than 90 percent of these revenues 
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come from three motor-vehicle sources: 

1 . Fuel tax, 
2 . Sales and use tax, and 
3 . Registration fees. 

These funds are allocated for administration and for 
capital outlays and maintenance of the state's high
ways. The recent decline in OMV revenues, coupled 
with the rapidly increasing costs of highway con
struction and maintenance, made it necessary to 
improve the revenue base of the Virginia OMV by 
means of changes in the transportation tax system. 
Among the options explored in this paper is a system 
of graduated registration fees based on weight clas
sification of automobiles. 

All automobiles in Virginia must now pay a $15 
annual registration fee. ':T'he increasing of th.is fee 
to keep pace with inflation and with rising costs is 
difficult to do from a legislative point of view 
because the fee is a highly visible form of taxation. 

One measure that is used in many other countries 
may pose a solution to this dilemma. This option, 
which has come under consideration by the Virginia 
General Assembly twice in various forms, is a grad
uated registration fee for different classes of 
automobiles. 

Such a fee system would have two advantages over 
the present single-fee system: 

1. A tax differential between certain types of 
vehicles could be justified as promoting the general 
welfare of the commonwealth. For example, fees that 
were higher for automobiles that have high air pol
lution emissions or gasoline consumption could be 
touted as contributing to the general welfare of the 
populace or reducing reliance on foreign oil. 

2. The institution of penalty fees for certain 
vehicle classes could provide an additional source 
of revenue to the OMV and raise less public protest 
than would an across-the-board increase. 

CRITERIA FOR SETTING UP FEE CLASSES 

Several different criteria could be used to create 
classes of automobiles for the purpose of fee dif
ferentiation. Among the more frequently discussed 
possibilities are the following. 

Horsepower 

Horsepower classes could serve as a way of differ
entiating according to approximate fuel consump
tion. A bill was submitted to the general assembly 
that would have set a horsepower classification 
scheme three years ago, but it was not passed. Two 
major problems would confront a horsepower classifi
cation scheme: 

l· There is no agreement concerning what measure 
of horsepower would be appropriate to use. Differ
ent engines are rated in different ways, at differ
ent revolutions per minute levels. Not all engines 
are designed to provide peak power under the same 
set of circumstances. Any single rating scheme 
would be objected to as having a discriminatory 
effect against certain automobiles. 

2. A horsepower tax would not differentiate 
between energy-efficient and energy-inefficient 
high-powered cars. For this reason, people who need 
large, high-powered cars for business or other pur
poses would complain that this scheme discriminates 
against them. 

Air Pollution Ratings 

An argument could be made that the public health 

13 

would benefit from a fee system that discriminates 
against automobiles that have high levels of air 
pollution emissions. Since U.S. Environmental Pro
tection Agency (EPA) air pollution ratings are 
available for all automobiles sold in the United 
States since 1968, it would be relatively simple to 
set up a fee system based on this criterion. The 
only classification problem would he for pre-1. 968 
automobiles. However, two factors cloud the at
tractiveness of this option from an equity per
spective: 

1. During most of the year, critical air pollu
tion problems are isolated in a few urban corridors 
of Virginia. A statewide tax that is higher for 
high-pollution vehicles would discriminate unfairly 
against rural drivers, who make a negligible con
tribution to air pollution problems. Most federal 
air pollution regulations discriminate in this way 
against rural drivers. However, that does not 
justify the discrimination or mean that such a tax 
would be palatable to Virginia voters. 

2. The reliance on ratings fails to deal with 
one of the biggest problems in enforcement of air 
pollution regulations--that of owners of automobiles 
deliberately having pollution-control equipment dis
connected. 

1\d Valorem Registration Fee 

One option that is currently under review by the 
general assembly is an ad valorem registration fee. 
This proposal would replace the fixed registration 
fee with a tax based on a percentage of the assessed 
value of the automobile in its current condition. 
In effect, the registration fee would be converted 
into a personal property tax. Although this form of 
taxation would be only remotely related to such 
public welfare considerations as air pollution and 
gasoline consumption, it would have an added ad
vantage in that it would make "the fee a federal 
income tax deductible. This would allow the DVM to 
increase their revenues without increasing the tax 
burden to Virginia residents. 

Some problems would be created by the task of 
assessing the present value o.f used automobiles. 
However, the same problems are surmounted by the 
many Virginia localities that charge a personal 
property tax on automobiles. The value of automo
biles could either be appraised by using some stan
dard, such as the blue book, or by using state-hired 
appraisers. 

Weight Classification 

A weight classification option appears to be rela
tively simple to administer and easy to justify on 
social equity grounds. Researchers have found that 
weight is highly correlated with gasoline consump
tion for automobiles (_!)· Weight classification 
information is readily available for all mass
produced automobiles. It would be simple enough to 
require weighing for all custom automobiles. 

One additional possible justification for this 
measure is the correlation between vehicle weight 
and road wear and tear. However, most studies of 
this relationship have concentrated on trucks and on 
far greater differences in weight classes of automo
biles (.~). The difference in road wear between a 
5000-lb automobile and a 3000-lb automobile may be 
negligible. 

EPA Mileage Rating Classification 

EPA mileage rating classification would draw a more 
direct connection between automobile fuel economy 
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Table 1. Sales of automobiles in Virginia by year and wei!ttt class. 

Weight Class 

3000 3500 4000 4500 5000 
Year lb lb lb lb lb Total 

1968 24 779 52 613 67 670 37 158 16 189 198 389 
1969 30 741 47 102 32 503 66 808 23 111 200 265 
1970 41 724 22 767 43 096 52 683 20 293 180 545 
1971 56 307 26 496 44 437 59 510 37 225 223 975 
1972 59 072 30 910 50 353 6 1 103 46 019 247 680 
1973 70 703 31 053 32 104 66 943 62 131 262 934 
1974 58 174 19 066 22 203 44 252 47 522 191 236 
1975 40 024 23 643 29 085 35 994 56 962 185 727 
1976 60 299 30 172 31 252 51 234 57 573 220 553 
1977 57 697 21 102 72 473 70 101 25 698 247 096 
1978 63 978 70 598 52 936 48 489 13 815 249 817 

and tax levels. The only problem would be in rating 
older automobiles that predate the EPA mileage tests. 

PROBLEMS COMMON TO ALL CLASSIFICATION SCHEMES 

Treatment of Vehicles That Have Already Been 
Purchased 

Changes in the registration fee system that result 
in increases in fees for automobiles that are 
already on the road will be resisted by owners of 
the vehicles that are in the penalty classes. They 
would assert that, since the automobiles are already 
on the road, the taxes do not encourage conservation 
and penalize them for decisions that they cannot 
reverse. At the same time, an increase in fees that 
only applies to automobiles purchased after this 
system was changed would be slow to raise much new 
revenue. New cars account for less than 10 percent 
of the automobile fleet in any given year. 

Impact of Tax Increase on Consumer Behavior 

Unless the fees are increased dramatically, they are 
not likely to have much of an impact on gasoline 
consumption, air pollution, or any other aspect of 
consumer behavior. Most people who can afford to 
buy a gasoline-guzzling automobile, for instance, 
are wealthy enough that a doubling of their regis
tration fee to $30 would not serve as much of an 
inhibition. Dramatic increases in fees for some 
vehicle classes are not likely to receive legisla
tive support. 

Additional Data Processing Cos t s 

Introduction of any of these graduated fee systems 
would require that additional information be added 
to all Virginia vehicle registration records. OMV 
records do not contain a detailed enough description 
of vehicles to serve any of these classification 
schemes. The first-time cost for collecting the 
additional information for all automobiles that are 
already on the road would be considerable. 

MODELING A GRADUATED REGISTRATION FEE SYSTEM 

A system of fee differentiation based on classifica
tion of automobiles by weight was chosen to model 
and to illustrate the characteristics of a differen
tial registration fee system. The choice was based 
on the relative practicality and justifiability of 
the weight criteria and on the availability of the 
necessary data to stratify present and future auto
mobiles in Virginia into weight classes. The re
sults are, however, illustrative of many of the pos
sible problems and revenue impacts that the weight 
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classification scheme shares with all the other 
classification criteria listed above. 

Projecting Future Automobile Purchases by 
Weight Class 

To project automobile sales by weight class for this 
study, it was necessary to develop a separate re
gression equation for each weight class. The inde
pendent variables used in this analysis were the 
gasoline price index ( CPIGC), the price index for 
new automobiles (CPINC), and the average household 
income in 1967 dollars (AHHI67). 

Data Base 

An estimate of the number of automobiles in each of 
several weight classes sold in Virginia each year 
for a period of time was needed in order to explore 
the relationship between the independent variables 
and automobile purchases in each class. Information 
was obtained to show the percentage of total U • S • 
annual automobile sales that fall into each of 10 
weight classes (3). The 10 classes were aggregated 
into 5 in order to simplify the analysis. For the 
rest of this paper, the term 3000-lb weight class 
will denote all automobiles in the 2000- to 3000-lb 
weight classes, and the term 5000-lb weight class 
will refer to the combination of the 5000- and 
5500-lb weight classes. 

The assumption was made that the percentage of 
automobile sales in each we i ght class was approxi
mately the same in any year in Virginia as in the 
entire United States. This assumption makes it pos
sible to apply the national percentages to figures 
for annual sales of new automobiles in Virginia, 
obtained from the Virginia OMV. 

The resulting estimate of numbers of new automo
biles sold in Virginia by year by weight class is 
shown in Table l. 

Regression Analysis 

By using historic values from the period 1968-1978 
of the three independent variables (4), a number of 
different regression relationships - were tested. 
Among the relationships that were experimented with 
were loge-loge, loge-linear, linear, and power 
functions. 

Although some very strong regression coefficients 
and F-statistics were obtained by using power func
tions for gasoline and automobile prices, the use of 
power functions was ultimately rejected as being 
unrealistic. With even high assumed rates of price 
increases, the power functions produced exorbitant 
increases in automobile purchases in some classes by 
1985. For instance, automobile purchases in the 
3500-lb weight class were found to increase by 1985 
to a number larger than the total purchases in 1978. 

The loge-linear relationships showed a similar 
tendency to produce extreme and irrational results 
and were therefore also eliminated from the model• 
Thus, all equations selected use either loge -
loge or linear functions. 

The regression equations that produced the best 
fit were found to vary widely in form from weight 
class to weight class. Some weight classes showed a 
stronger relationship to income if purchases were 
regressed against the previous year's income in 1967 
dollars (AHHIL) instead of the current year's income 
(AHHI67). The income measure that showea the 
strongest relationship was used in each equation. 

Not all of the independent variables could be 
added to all of the equations to be statistically 
significant. This is a result of the small size of 
the historic data base used in the regression analy-
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sis ( 11 years) and the high degree of collinearity 
among the independent variables. 

In order to make the model as effective as possi
ble in showing shifts in purchases from one weight 
class to another with changes in the independent 
variables, it was necessary that most of the inde
pendent variables be included in all the equations. 
Thus, as long as the sign of the relationship indi
cated a logical causal pattern, coefficients that 
have low F-statistics were allowed in the equation. 

After a series of equations were developed by 
using the three causal variables listed above, it 
became apparent that there was a need to recognize 
interrelationships between the five weight classes 
in the model. It is apparent that, as fewer con
sumers buy large automobiles, mo re of t h em are 
likely to purchase smaller automobiles. This sort 
of transfer of consumers from one weight class to 
another occurred during the 1968-1978 period and was 
accordingly reflected in the regression equations. 
However, if at a future date all buyers of large 
cars have switched to smaller models, transfer of 
purchasers from the larger to the smaller weight 
classes ceases to be a contributing factor to in
creases in sales of small cars. 

As the next section will show, two out of three 
of the scenarios for future prices result in the 
extinction of at least one of the larger weight 
classes before 1985. The regression equation pre
dicts a negative purchase of automobiles in these 
classes after this point. Beyond this point, the 
purchase of smaller automobiles, particularly in the 
3500-lb weight class, continues to rise at a rapid 
rate. The net result is an unreasonable increase in 
the total number of automobiles purchased in later 
years. 

Two adjustments to the model were made to allevi
ate these problems. First, a lower limit of 500 new 
automobile purchases in any weight clas~ for a 
single year was added to the model. Then, the 
projected purchases of automobiles in the 4500- and 
5000-lb weight classes were added as independent 
variables to the equations for projecting purchases 
in the smaller weight classes. It was hoped that 
this would result in a moderation of the growth rate 
for small car sales when sales in the larger classes 
moderated. 

The results of this experiment were mixed. Pur
chases in the 4500-lb weight class could only be 
added to the equation for the 3500-lb weight class 
without producing an illogical relationship and an 
unsatisfactory F-statistic. However, the sales in 
the 5000-lb weight class entered into three out of 
four of the equations for the smaller weight classes 
with an F-statistic of 1 or more. As the following 
few pages will show, the modification did not have 
the full desired effect; however, it did result in 
improved projections for the years 1983, 1984, and 
1985. 

Equations Used in Model 

The following equations were used to predict future 
automobile purchases in Virginia by weight class. 

5000-lb Weight Class 

W5000 = -112 537 .8 + (2.159 x AHHI67) - (785.30 x CPINC) (!) 

R2 = 0.394 
F-statistics: AHHI61 = 5.09, CPINC = 3.20 . 

The 5000-lb weight class proved to be the most 
difficult to model. Although the R2 for this 
equation is relatively low, the predictive charac
teristics of the equation are reasonable. Under 
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most circumstances, the equation would predict a 
decline in purchases of automobiles in future years 
that is consistent with the sales activity of the 
last five years. Previously, sales in this class 
had been on the increase. 

4500-lb Weight Class 

W4500 = -174 397.6 + (18 .57 x AHHI67)-(729 .28 x CPIGC) 

+ (1079.40 x CPINC) - (0.15 x W5000) 

R 2 = 0.693 27 
F-statistics: 
2.74, W5000 

AHHI67 
0.52. 

6.79, CPIGC 0.22, 

(2) 

CPINC 

Although the relationship between purchases in 
the 5000- and 4500-lb weight classes was not strong, 
it was included for the sake of consistency in the 
model. A positive relationship between the price of 
new automobiles and purchases may seem strange. 
This is probably a result of consumers turning from 
higher-priced automobiles to those in this weight 
class. 

4000-lb Weight Class 

W4000 = 10 288.87 - (0.24 x W5000) + (1602.49 x CPINC) 

- (475.99 x CPIGC) - (7 .28 x AHHIL) 

R2 = 0.62 
F-statistics: W5000 
1.36, AHHIL = 0.62. 

1.30, CPI NC 2. 78, 

(3) 

CPIGC 

This equation shows characteristics that are 
similar to those described for the 4500-lb weight 
class equation. The positive relationship between 
automobile prices and purchases is due to transfers 
from the 5000- and 4500-lb weight classes. 

3500-lb Weight Class 

W3500 = -280 430.8 - (0.93 x W5000) - (1.36 x W4500) 

+ (36.20 x AHHI67)- (1070.86 x CPIGC) + (1374.55 x CP!NC) (4) 

R2 = 0.74 
F-statistics: 
6.60, CPIGC = 

W5000 = 9.95, W4500 
4.00, CPINC = 1.60. 

5.98, AHHI67 

This equation showed both a small. R2 and low 
F-scores until both purchases in the 5000- and 
4500-lb weight classes were added as independent 
variables. The very strong relationship with income 
is different from that in the other equations. 
These features indicate that this equation is not as 
strong as the R2 would imply. 

3000-lb Weight Class 

W3000=2.854x10-15x (CPJNC2·81 ) x (CPIGC-1.7°) x (AHHIL 4 •21 ) 

R 2 = 0.68 
F-statistics: AHHIL 
2.47. 

0. 24, CPIGC 

(5) 

CPINC 

This equation is the only one that uses a natural 
logarithmic relationship. This is because a higher 
R2 was obtained from the loge-loge equation 
only for this weight class. The relationship shown 
here was the most consistent through all of the 
calculations of all the weight classes. However, 
neither of the larger weight classes could be fac
tored in as an independent variable without produc
ing low F-statistics and irrational results. Al
though it may have been possible to factor in the 
4000- or 3500-lb weight classes as independent var
iables, it was decided that the adding of another 
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step to the causal chain would not be wise. 
To summarize the characteristics of the regres

sion analysis, the series of equations were chosen 
first for their high explanatory powers by using 
historic data on automobile purchases. The equa
tions were further refined to maximize consistency 
and interdependency. Due to the problems of a small 
data base for the regressions and strong colline
arity among the independent variables, the resulting 
equations are not perfectly consistent and ra
tional. However, they are adequate to provide an 
approximation of the future distribution of automo
bile purchases according to weight class. 

PROJECTIONS 

These equations were used to forecast future automo
bile purchases. Three scenarios were developed to 
depict an array of future economic conditions, and a 
separate set of projections was made for each 
scenario. 

For all three scenarios, uniform assumptions were 
used about the level of income for future years. In 
this way, attention could be focused on the future 
impact of gasoline and automobile prices, and the 
number of scenarios is held to a manageable number. 
Also, we feared that some of the income-based coef
ficients would tend to produce unrealistic results 
if the values for income strayed too far from those 
in the historic data. 

The rates of real income growth used in the DMV 
revenue model ( 4-6) were also used in this model. 
The values for -a"Verage household income, in 1967 
dollars, increase at an increasing rate, ranging 

Table 2. Projected annual gasoline and new·car price indexes under low-, 
moderate·, and high-inflation scenarios. 

Low Inflation Moderate Inflation High Inflation 

Year Gasoline New Car Gasoline New Car Gasoline New Car 

19783 200.2 147.8 200.2 147.8 200.2 147.8 
19793 265.6 165.9 265.6 165.9 265.6 165.9 
1980 281.5 172.5 305.4 182.5 318.7 182.5 
1981 298.4 179.4 351.3 200.7 382.5 200.7 
1982 316.3 186.6 404.0 220.8 459.0 220.8 
1983 335.3 194.l 464.5 242.9 550.7 242.9 
1984 355.4 201.8 534.2 267.2 660.9 267.2 
1985 376.8 209.9 614.4 293.9 793.l 293.9 

8
Based on actua1 data. 
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from 1.2 percent in 1980-1981 to nearly 2 percent by 
1984-1985. 

It was also decided that gasoline prices should 
vary over a wider range than automobile prices in 
the three scenarios. This reflects the greater 
amount of uncertainty about future gasoline prices 
due to the instability of the world oil market. 

The price levels for the three scenarios are as 
follows: 

1- Low-inflation scenario: Gasoline prices up 5 
percent/year; new car prices up 4 percent/year. 

2. Moderate-inf lat ion scenario: Gasoline prices 
up 15 percent/year; new car prices up 10 percent/ 
year. 

3. High-inflation scenario: Gasoline prices up 
20 percent/year; new car prices up 10 percent/year. 

The price indexes for gasoline and new cars used 
for each of these scenarios are listed by year in 
Table 2. The resultant purchase patterns when these 
rates are entered into the regression equations are 
shown in Table 3. 

In most respects, the purchase patterns shown in 
Table 3 are consistent. In response to increased 
prices, sales of large automobiles decrease, and 
sales of smaller automobiles increase- As the sales 
of cars in the larger classes reach the limit of 
500, the rate of increase in purchases of small cars 
should slow. However, the response differs among 
those weight classes. But, since the distribution 
of purchases is shifted outward to the two classes 
on either side of the 3500-lb weight class, the 
estimate of net revenues collected under a graduated 
registration fee system that differentiates accord
ing to weight class should not be greatly affected. 

Survival Rates for Automobiles 

The second factor that influences the number of 
automobiles in Virginia in each weight class in any 
year is the scrappage rate for old cars. In the 
original version of the DMV revenue model, a cohort 
survival model was set up to predict future survival 
of automobiles according to an assigned percentage 
survival rate associated with each year of an auto
mobile's age (4,5,7). 

The model ~ed ~ fast retirement rate and a slow 
retirement rate, depending on the estimated average 
age of the automobile fleet. Both rates are shown 
in the table on the following page. 

Table 3. Automobile purchases by 
Weight Class weight class under three scenarios. 

Scenario Year 5000 lb 4500 lb 4000lb 3500 lb 3000 lb Total 

Low inflation 1979 26 209 35 926 52 547 40 814 60 173 215 769 
1980 24 049 34 349 53 747 42 093 68 696 222 934 
1981 21 955 32 614 56 458 43 374 72 807 227 208 
1982 19 561 30 464 59 175 44 735 77 516 231 451 
1983 17 126 28 006 61 885 46 114 82 401 235 532 
1984 14 792 25 168 64 292 47 450 87 691 239 393 
1985 12 296 21 995 66 708 48 847 93 714 243 560 

Moderate inflation 1979 26 209 35 926 52 547 40 814 60 273 215 769 
1980 16 196 28 889 61 088 45 016 70 065 221 254 
1981 5 228 19 531 71 145 49 450 75 599 220 953 
1982 500 6 275 78 770 48 610 82 030 216 185 
1983 500 500 84 288 27 875 88 887 202 050 
1984 500 500 88 887 500 96 485 186 872 
1985 500 500 92 247 500 105 026 198 773 

High inflation 1979 26 209 35 926 52 547 40 814 60 273 215 769 
1980 16 196 19 190 54 757 44 013 65 166 199 322 
1981 5 228 500 56 294 42 015 65 415 169 452 
1982 500 500 52 590 500 66 025 120 115 
1983 500 500 43 258 500 66 545 111 303 
1984 500 500 28 579 500 67 186 97 265 
1985 500 500 7 187 500 68 037 76 724 
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Survived at Survived at 
Year Fast Rate (%) Slow Rate (%) 

0-1 100 100 
1-2 100 100 
2-3 99 100 
3-4 98 99 
4-5 97 98 
5-6 9 5 97 
6-7 93 94 
7-8 89 90 
8-9 84 87 
9-10 74 89 

After much consideration and testing, we decided 
that, for the period 1980-1985, the fast rate would 
not be appropriate. This is because, in a period of 
stagnant or declining automobile sales, people can 
be expected to keep their automobiles for a longer 
period of time. 

Accordingly, the 
chosen. Other studies 
only slightly slower 
the mid-1 9 70s (~). 

slow retirement rate was 
have shown that this rate is 

than that experienced through 

The DMV revenue model (~•2•2.) also projected 
future migration of automobiles into and out of the 
state. The migration rates were not used in this 
analysis because the impact of automobile migrations 
over a five-year period is not likely to be very 
significant. 

Age Dist ribution of the Automobile Fleet 
for Future Years 

The data base for estimating the number of automo-

Table 4. Automobile distribution in Virginia by weight class and year. 

Weight Class 

Year 30001b 35001b 4000 lb 4500 lb 5000 lb 

1978 63 409 69 970 52 465 48 058 13 692 
1977 65 722 24 037 82 554 79 852 29 272 
1976 70 298 35 174 36 434 59 730 55 462 
1975 42 576 25 150 30 939 38 289 60 595 
1974 77 745 25 480 29 672 59 139 63 510 
1973 76 940 33 791 34 936 72 848 67 612 
1972 59 IOI 30 926 50 378 61 133 46 042 
1971 49 929 23 495 39 403 52 769 33 008 
1970 42 487 23 183 43 884 53 646 20 664 
1969 25 319 38 795 26 770 55 025 19 034 
1968 16 655 35 365 45 487 24 977 10 881 
Pre-1968 88 007 56 220 134 691 78 126 25 850 
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biles by age in 1 9 78 was obtained from Automotive 
News ( 9) • The information was converted into per
centages of the fleet in each year class. These 
percentages were applied to the total number of 
automobiles registered in Virginia in 1978 to get an 
estimate of the number of automobiles in each vehi
cle age in Virginia in 1978. By using the estimates 
of the percentage of U.S. automobiles in each weight 
class for each model year from EPA (~), the vehicle 
stock from each year was divided into groups accord
ing to weight classification. The resulting esti
mate of the number of automobiles by weight group 
and year in 1978 is shown in Table 4. 

By using the survival rates chosen in the above 
table, the automobiles in the table were moved 
forward each year to 1985 to find out how many of 
them in each year class would still be on the road. 
The projections for new car sales in the period 
1979-1985 were also multiplied by the survival rates 
to project how many would remain on the road. 

In using uniform survival rates for all weight 
classes, we assumed that cars of the same age were 
scrapped at the same rate regardless of weight· Al
though the heavier, less-fuel-efficient automobiles 
will probably be scrapped at a faster rate, no 
numerical basis for projecting this difference could 
be derived from available data. Thus, these projec
tions probably underestimate, by a small amount, the 
speed of the shift in the total automobile fleet to 
smaller cars. 

The projections of total automobiles registered 
in each year of the period 1980-1985 in each weight 
class for each of the three scenarios is shown in 
Table 5. Under the moderate- and high-inflation 
scenarios, the total number of automobiles declines 
over the five-year period. This is a direct result 
of consumer response to increases in automobile and 
fuel prices. 

Although the revised DMV revenue model does not 
project a steady decline in registrations, as is 
projected by the moderate-inflation scenario here, 
it does project a decline in registrations in the 
early 1980s. However, a steady, but very gradual, 
increase in registrations is projected by the DMV 

revenue model for 1984-1985. This is similar to the 
low-inflation scenario presented here. All inputs 
considered, the numerical differences between the 
results of the moderate-inflation scenarios of two 
models is not very large. Accordingly, the two are 
considered to be consistent. 

The difference in automobile purchases between 
the moderate- and high-inflation scenarios presented 
in Table 5 is considerable. By 1985, more than 

Table 5. Virginia automobiles by 
Weight Class weight class for 1980-1985 under 

three alternate price scenarios. Scenario Year 3000lb 3500 lb 4000 lb 4500lb 5000lb Total 

Low inflation 1980 662 831 429 140 602 824 655 148 500 108 2 850 051 
1981 697 161 431 997 585 339 595 094 430 425 2 740 016 
1982 727 931 446 585 599 509 575 030 413 292 2 762 347 
1983 759 547 461 904 617 524 550 661 389412 2 779 048 
1984 793 375 478 309 637 870 522 707 361 733 2 793 994 
1985 832 039 494 933 659 293 491 855 332 279 2 810 399 

Moderate inflation 1980 706 687 438 230 611 365 643 223 456 031 2 855 536 
1981 701 322 440 996 607 367 576 551 405 845 2732081 
1982 736 606 459 459 641 132 532 298 369 651 2 739 146 
1983 774 708 456 539 681 550 480 423 329 145 2 722 365 
1984 817 316 425 965 726 417 427 855 287 252 2 684 805 
1985 867 237 394 124 773 087 375 747 246 325 2 656 520 

High inflation 1980 701 818 43 7 227 605 034 633 524 456 031 2 833 604 
1981 686 239 432 558 586 185 547 821 405 845 2 658 648 
1982 705 518 402 911 593 770 497 793 369 651 2 569 643 
1983 721 278 372 616 593 158 445 918 329 145 2462115 
1984 734 636 342 052 577 780 393 447 287 252 2 335 167 
1985 747 767 310 305 539 664 341 721 246 325 2 185 782 
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Table 6. Total annual automobile registration fees under three alternate 
scenarios. 

Fee System($) 

Scenario Year Option A Option B OptionC 

Low inflation 1980 42 750 765 45 302 502 59 552 757 
1981 41 100 240 42729131 56 429 211 
1982 41 435 205 42 695 053 56 506 788 
1983 41 685 720 42510231 56 405 469 
1984 41 909 910 42 247 246 56 217 206 
1985 42 155 985 41 958 590 56011585 

Moderate inflation 1980 42 833 040 44 799 819 59 227 299 
1981 40 981 215 42 347 099 56 077 504 
1982 41087190 41843123 55 538 853 
1983 40 835 475 40 956 114 54 567 939 
1984 40 272 075 39 782 166 53 206 191 
1985 39 847 800 33 304 567 52 006 317 

High inflation 1980 42 504 060 44452313 58 620 483 
1981 39 879 720 41 201 793 54 495 033 
1982 38 544 645 39 383 732 52 231 947 
1983 36931725 37 264 674 49 571 523 
1984 35 027 505 34 832 553 46 508 388 
1985 32 786 730 32 058 108 42987018 

470 000 additional automobiles are registered under 
the moderate-inflation scenario relative to the 
high-inflation scenario. However, the total dif
ference between the moderate- and low-inflation 
scenarios is only about 154 000 automobiles by 
1985. The 5 percent additional annual increase in 
the gasoline prices under the high-inflation sce
nario is apparently critical to predicting future 
automobile purchases. 

Revenue Impact of Alternative Registration Fee System 

Three specific tax systems were chosen for consider
ation in assessing the possible effects of alterna
tive taxing options. These are shown in the table 
below. 

Re~istration Fee S~stems bl Wei~ht Class ($) 

Option 3000 lb 3500 lb 4000 lb 4500 lb 5000 lb 
A 15 15 15 15 15 
B 10 13 16 19 22 
c 15 18 21 24 27 

Option A is the current $15 fee for all automo
biles. Option B is a graduated fee based on weight 
classification, which is designed to produce 
slightly more revenue in 1980 than does the present 
flat fee. It increases by $3 increments from a $10 
fee for the 3000-lb weight class to $22 for the 
5000-lb weight class. Option C also increases ac
cording to weight class by $3 increments, but ranges 
from $15 for the 3000-lb class to $27 for the 
5000-lb class. 

These fees were applied to the projections of 
total automobiles registered in each weight class in 
each year (Table 5) to produce the annual total 
revenue projections shown in Table 6. 

Since options A and B have similar revenue yields 
in 1980, a comparison between the two is illustra
tive of the relative disadvantage of the weight 
classification scheme in terms of revenue produc
tion. By 1985, annual revenues are about $197 000 
lower under the low-inflation scenario, $6 543 000 
lower under the moderate-inflation scenario, and 
$7 28 622 lower under the high-inflation scenario. 
The reason that the gap narrows under the high
inflation scenario is that attrition from the fleet 
grows much smaller under this scenario with or with
out the graduated tax scheme. This results in lower 
total revenues. 

Option C will always produce more revenue than 

Transportation Research Record 826 

the present scheme (option A), because the lowest 
fee under option C is the overall fee under option 
A. Yet, on a percentage basis, the revenue yield 
from option C drops at the same rate as under option 
B. Clearly, even if a graduated revenue scheme is 
set up to produce additional revenue, its yields 
should be expected to decline with time. 

CONCLUSIONS 

If gasoline prices continue to climb at moderate or 
high rates, registration revenues are expected to 
decline under any tax scheme. However, a weight
based system of graduated fees that favors smaller 
automobiles will precipitate the decline. Under the 
moderate-inflation scenario, the loss may amount to 
well over $6.5 million/year by 1985. 

Only a graduated revenue scheme that favors 
larger cars can be expected to appreciate over 
time. It is inevitable that a large proportion of 
the state's future automobile fleet will be in the 
lighter weight classes. Future fuel and automobile 
prices will merely dictate the speed and degree of 
the shift. 
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