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n a statement on national transportation policy in

the United States contained in Moving America: New

Directions—New Opportunities (1), one of the clear
messages was a significantly reduced role for the federal
government. The fundamental assumption underlying
this policy prescription was that the transportation net-
work was mature. The major concern therefore should
be with maintaining this system and encouraging more
efficient use of facilities. The shift would be toward proj-
ects that complete the system and extend the useful life
of facilities. The principal thrust was expected to be
in management strategies involving pricing, vehicle con-
trol, and other instruments that focus on efficiency.
States found they had additional responsibilities in pol-
icy, planning, and program development.'

Since the 1990 statement, however, infrastructure in-
vestment seems to have found its way to the top of the
policy agenda in the United States as well as in other
countries. The recently enacted Transportation Equity
Act for the 21st Century (TEA-21) contained among
its provisions a significant amount of monies for trans-
portation (mostly highway) investment. Underlying this
change of faith was the belief that investments in public
capital would improve productivity, economic growth,
and international competitiveness.

With the “crumbling” infrastructure needing replace-
ment and the growing demand for new facilities, state
departments of transportation (DOTs) are faced with es-
tablishing a set of programs that will satisfy the man-
agement and efficiency provisions contained in Moving
America (1) and the financing and investment responsi-
bilities contained in the evolution of TEA-21. If they are
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to invest in airport, highway, and transit capital, they
need to understand how levels of investment in trans-
portation affect our economic health (as Eberts dis-
cusses in another resource paper in these proceedings).
Once this mechanism is understood, they need to put in
place a planning process that will lead to a set of invest-
ments yielding the economic and social returns so de-
sited (as Pozdena shows in his paper, also in these
proceedings). Finally, all of this activity must be financed
in some way, and forecasts of funds available for proj-
ects need to be made.

The problems just identified cross all modes of trans-
portation. In some cases, additional problems such as
international passenger travel and freight shipment de-
mands make the planning and investment process even
more complex. This paper will concentrate on highway
transportation and will assess how well states are able to
forecast revenues from taxes and fees levied on highway
users and whether the models they employ in forecasting
revenues are appropriate for the task. In addition, the pa-
per investigates whether the information relied upon by
these models is sufficiently accurate to support reliable
forecasts, and how this information might be improved.
(The focus will be on the highway sector although simi-
lar questions arise in aviation.) The paper then moves be-
yond questions of current practice and examines new
methods of financing transportation infrastructure in-
vestments and their information needs for forecasting.

After a brief review of the evolution of highway fi-
nance and its components, the next section of this paper
reviews variables that currently are used in forecasting
state highway revenues, and it assesses the quality and
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accuracy of available measures of these variables. Fac-
tors that may affect the reliability of current information
are explored, new options for measuring specific vari-
ables are examined, and their information requirements
are outlined.

In the next section, the adequacy of current revenue
forecasting models is investigated. This section poses
two questions: First, how accurate are current models,
and what assumptions do they impose? Second, are the
models adequate for forecasting revenues in a world that
places different demands on its transportation systems?
This section also will identify the additional information
demands that are likely to be imposed by new or im-
proved forecasting models.

The next section examines the information needs that
are likely to result from introducing new revenue instru-
ments. This section requires a somewhat speculative ex-
amination of the specific financing measures states may
be considering to augment their current revenue sources,
including highway tolls and new forms of user taxes or
fees. If states move toward closer linkage of user charges
with actual road use, what additional information will
need to be collected to ensure that accurate revenue fore-
casts can be made, and how can it be collected? Finally,
the last section contains a summary and identification of
critical research questions.

EvoLuTioN oF HiGHwAY FINANCE

The growth and development of states” highway finance
systems have reflected changes in several factors. These
include developments in revenue collection technolo-
gies, an evolutionary process to legislation, a general
disinterest in reviewing highway finance on a regular
basis, and a move away from a user benefit principle to
one of minimizing voter revolt. Starting with the move-
ment away from tolls and property taxes to finance
roads that began in the early 1920s, states increasingly
relied on user taxes to finance highways.” The linkage
of roads to property benefits was no longer as clear as
that between use of a road and the benefits received by
its users. In the language of economics, taxes on road
users were adopted and implemented in a context of
highways exhibiting the attributes of both private and
public goods—attributes such as excludability, con-
gestion, cross subsidy, and cost economies. This trend
toward increased reliance on traditional user charge
mechanisms generally has continued over the past sev-
eral decades, more recently with some minor shift to-
ward reliance on general taxation. At the same time,
many European and Third World nations are seri-
ously turning to toll finance—and in many cases, even
outright privatization—to finance continued road
building.

The principal sources of revenues used to finance
highway construction in the United States have included
state and federal fuel taxes, vehicle registration fees,
motor-vehicle weight fees, sales taxes (revenue derived
from sales taxes on vehicles and equipment), road and
bridge tolls, and driver’s license fees. Vehicle registration
fees were the earliest forms of user tax to be widely
adopted by states, partly because they could be imple-
mented easily and were simple to administer since they
were typically paid only once per year in a lump sum.
This feature made them highly visible to motorists, with
the result that they tended not to be changed frequently.
However, registration fees are typically a “flat fee” (with
some differentiation by vehicle classes) and thus have
limited revenue-generating potential. Currently, about a
third of the states base registration fees for light vehicles
on weight, whereas half retain the flat fee system and the
remainder base the fee on some combination of weight,
horsepower, value, and age. The exact weightings on
these characteristics tend to reflect political judgments
and perceptions of equity among owners of different
types of vehicles.

Fuel Taxation

Motor-fuel taxation, first introduced by Oregon in
1919, rapidly spread to other states: by 1929, all 48
states taxed gasoline, and 3 years later a one-cent-per-
gallon federal fuel tax was enacted as part of the Rev-
enue Act of 1932 The weighted average state
motor-fuel tax for gasoline has increased from 3.35¢ per
gallon in 1930, the first full year in which taxes were col-
lected in all states, to 18.5¢ in 1995. This figure com-
pared closely to the federal tax on gasoline, which stood
at 18.4¢ per gallon during 1995, although the federal
levy on diesel fuel was considerably higher, at 24.4¢ per
gallon.

Prior to 1980, fuel tax rates were changed infre-
quently and typically in small increments (generally by
1 percent or less). The stability in fuel tax rates was en-
abled by continuing growth in fuel consumption, which
produced a continuing rise in total fuel-tax revenues.
At the same time, because highway expenditure levels
tended to be adjusted to correspond to growing rev-
enues, there was little pressure to increase fuel tax rates
in order to accelerate construction. After 1983, however,
a number of states began to increase their fuel tax rates
aggressively, often in increments as large as 3¢ per gal-
Jon, and there continues to be some adjustment by a mi-
nority of states in their per-gallon fuel tax rates. Whereas
most states have retained the original convention of
fixed tax rates per gallon of fuel sold at retail, others
have indexed the per-gallon rate to some measure of gen-
eral price inflation. Still others impose the tax as a sales
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or value-added tax—a fixed percentage of the dollar
value of sales—levied either specifically on fuels or on all
retail spending. The exact form taken of a state’s fuel tax
has a significant impact on the amount of revenues it
generates, although this impact can vary with changes in
overall economic conditions. As an illustration, the re-
cent robust growth in travel, spurred by the booming
U.S. economy, falling wholesale gasoline prices, and de-
clining average fuel efficiency of the U.S. vehicle fleet,
has produced rapid growth in gasoline consumption and
in fuel-tax revenues collected by states that rely on the
traditional per-gallon fuel tax structure.

Vehicle Registration Fees

Registration practices and taxation policies for com-
mercial vehicles differ greatly among the states: some
register a tractor-semitrailer combination as a single
unit, whereas others register the tractor and the semi-
trailer separately. Some states register and tax buses
similarly to trucks; others treat buses in the same way
as automobiles, presumably because of their passenger-
carrying function. For the most part, weight-based
vehicle fees have been used in licensing trucks, but
more recently some states (17 to date) have begun to
levy fees on the basis of some combination of weight
and annual distance traveled. A few states (notably,
Virginia and Kentucky) levy a fuel tax surcharge on
vehicles having three or more axles, whereas still
others (Arizona, Pennsylvania, and New York) impose
a gross tax on commercial trucks. Despite this wide
variation in licensing fee practices, however, the mag-
nitude of revenues generated from this source is rel-
atively minor.

One factor complicating the assessment and collec-
tion of both vehicle registration fees and fuel taxes on
commercial trucks is the interstate and international
(Canada and Mexico) nature of their operations. The di-
versity of tax structures creates both tax competition
among individual states and the potential for adoption
of retaliatory taxation by adjacent or nearby states.
However, several regional alliances of states (e.g., New
England) have been formed in order to minimize the rev-
enue diminution that typically accompanies such tax ri-
valry. In these agreements, states jointly establish how
trucks will be treated in the home state and in adjacent
or nearby jurisdictions. Registration fees generally are
prorated on the bases of the amount of mileage recorded
in each jurisdiction. Fuel-tax revenues tend to be gener-
ally “self-prorating” because of their collection by states
in which fuel sales occur (as long as interstate tax differ-
entials are not Jarge enough to induce significant changes
in sales patterns).”

Other Revenue Sources

The remaining sources of revenue, which are minor at
the state level, include property taxes and assessments,
driver’s licensing fees, and personal property taxes levied
on motor vehicles. In addition, many states now employ
general-revenue bond financing for highway construc-
tion projects.’

More recently, some states have employed new tax
instruments that include both road tolls and state sales
taxes. Toll revenues generally are restricted to use on the
facilities where they are collected, because facilities with
tolls tend to be either bridges or tunnels, and they are
often newly constructed facilities. Presently 29 states op-
erate a total of 37 toll highways and 44 toll bridges; in
1989, tolls collected from vehicles using these facilities
provided $3.01 billion in revenues for highway financ-
ing. At the same time, a few states have introduced ded-
icated (or “earmarked”) sales taxes to finance selected
investments in transportation infrastructure, often in re-
sponse to voter-approved ballot initiatives.

The increased reliance on this form of financing stems
from a number of factors, but the most important of
these is undoubtedly reluctance on the part of state leg-
islatures to adopt the tax rate or fee increases necessary
to generate additional revenues from more traditional fi-
nancing sources. Like tolls, the money collected from
state sales taxes generally are earmarked for a particular
set of investments, often specified in detail in the ballot
initiatives approving their use.

Summary of Revenue Sources

Figure 1 illustrates highway revenue sources. What is
most evident from the data is the dominant role that fuel
taxes and fees play as a source of revenue for financing
highway spending. The figure also illustrates the vari-
ability of revenue sources over time.

Tables 1 through 5 provide a detailed, state-by-state
examination of the level and variability in taxation rates
and in revenues from fuel taxation and vehicle registra-
tion fees and other taxes associated with vehicles. Table 1
shows the variability in tax rates among states as well as
across types of fuels. The asterisk beside a state name in-
dicates there are exceptions and conditions in the appli-
cation of the tax. This complexity creates a significant
challenge to developing a medium- to long-run forecast-
ing model.

In Tables 2 through §, the levels and changes in the
revenues from two major sources of tax and fee revenue
are examined. Table 2 shows the gross and adjusted
total tax receipts from fuel taxes and other fuel-related
fees. The adjustment results in a reduction in revenue due
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FIGURE 1 State highway user tax revenues (millions of dollars) (2).

to reimbursements and exceptions. Changes from one
year to the next are illustrated in Table 3. In Column 1,
for example, Alaska, Louisiana, North Carolina, Penn-
sylvania, and Utah have large reductions in tax revenues.
A significant proportion of U.S. states exhibit large
changes in revenue from one year to the next. Pennsylva-
nia, for example, has a 3.8 percent increase in 1994-95,
an 8.5 percent decrease in 1995-96, and a turnaround of
a 14.32 percent increase in 1996-97. Even a simple time-
series model for short-term forecasting would face chal-
lenges with such variability,

Table 4 illustrates the revenues available from license
fees and other motor-vehicle-related taxes. (The table is a
subset of a more detailed set of information and is con-
densed for presentation.) It is clear that a sizable pro-
portion of “other” taxes is included in this source of rev-
enues. Table 5 shows the year-to-year changes in revenue
levels contained in Table 4. Unlike fuel-tax revenues, these
series show remarkable stability with no subset of states

having more fluctuation than others in this revenue source
and very little intertemporal variation.

THE ROLE OF REVENUE FORECASTING

As the exhibits illustrate, states traditionally have relied
on fuel taxes as the primary source of revenue to fund
roadway construction, rehabilitation, and maintenance.
In planning their year-to-year activities and accompany-
ing spending levels in each of these categories, states thus
require forecasts of revenues that will be available from
the “pass-back” of federal fuel-tax revenues they receive,
as well as from the fuel taxes, fees, and other charges they
levy on highway users.® The Federal Highway Adminis-
tration (FHWA), which is required to present to Con-
gress the forecasts of revenues available in the Federal
Highway Trust Fund, relies on information provided by
the states in developing its forecasts.
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Three approaches can be considered in producing
forecasts. One is a simple model that uses previous val-
ues of revenues in each category, perhaps with a weight-
ing structure on more recent values. This approach
simply matches a function to the data and extrapolates
the values to create a forecast. A second approach would
use some econometric time-series techniques, such as the
Box-Jenkins or ARIMA. Univariate Box-Jenkins models
are sophisticated extrapolation methods using past val-
ues to generate forecasts. Despite not providing any ex-
planation for the movement of variables, this approach
is valuable because it is easy, inexpensive, and requires a
minimum of information. This can be used in conjunc-
tion with other forecasts and can serve as a starting
point for more sophisticated approaches. The “Achilles
heel” of the time-series approach to forecasting is the
misspecification of the dynamic structure. When lack of
information or specification errors make econometric
models impractical, the Box-Jenkins model is considered
a superior form of time-series forecasting.

The third approach, causal forecasting, develops an
econometric model that explains the underlying causes
or sources of variation in the factors that effect revenues
from fuel taxes and registration fees. This would use rel-
evant demographic and economic variables in a set of be-
havioral equations to produce the forecast. This approach
is information intensive and is subject to a number of
errors. Nonetheless, it is the richest approach since once
the model parameters are estimated they can be used to
develop forecasts of the dependent variables.

Producing revenue forecasts requires projections of a
state’s fuel-tax structure and rates, the number of gallons
of each type of fuel subjected to taxation that is expected
to be sold, the number of vehicles expected to be regis-
tered during future years, and residual revenues from
other sources, including excise taxes, licensing fees, and
earmarked transfers from the federal government. Unfor-
tunately, the only piece of information among these vari-
ables that tends to be predictable with any certainty is the
state’s tax structure and rate of taxation.” Total vehicle
miles traveled (VMT) and the average fuel efficiency of
the vehicle fleet will determine the number of gallons of
each type of fuel sold. The present stock of vehicles varies
with changes in the demographic makeup and economic
status of households, and prevailing macroeconomic con-
ditions will determine the number of licensed vehicles.

State policy makers and transportation officials require
accurate revenue forecasts to plan investments as well as
to set tax rates and fee levels that will achieve fiscal tar-
gets. There is some economic risk and sizable political risk
in overforecasting revenues—that is, in producing fore-
casts that exceed actual revenue collections. If states
are not able to accurately forecast revenues from taxes
and fees levied on highway users, transportation planning
agencies will be in jeopardy of having certain projects

delayed, and prolonged delays of controversial projects
may cause the consensus in support of them to be recon-
sidered or ultimately to unravel. In the case of projects
that already have begun, overestimation of future reve-
nues may subject political officials to the risk of having to
adjust existing tax rates or fees or even to introduce new
taxes or seek a new source of financing.

Recognizing the sources and consequences of these
risks, there are three fundamental questions that policy
makers should be asking that will assist in identifying
the weaknesses in information and modeling. They are
as follows:

o Accuracy of information employed by current fore-
casting models: With the focus on the current set of mod-
els used in revenue forecasting, are the variables used in
these models measured accurately? If not, what are the
sources of inaccurate measurements and what is needed
to improve their reliability?

e Adequacy of current forecasting models: Are the
models that currently are being used to forecast revenues
satisfactory to meet future needs? What are their specific
conceptual and empirical shortcomings, and how should
they be redesigned to adequately reflect future changes
in their likely use in transportation planning and policy
making? How are proposed changes in the models used
to forecast revenues likely to affect their information re-
quirements?

e Evolution of current forecasting models and infor-
mation requirements: How will new revenue instruments
be integrated into the current set of forecasting models?
The evolution of alternative bases for financing highways
results in increasingly diverse and potentially complex
informational requirements. Hence, there are different
demands placed on both state and federal institutions
responsible for generating information relied upon in
forecasting revenues.

THE CURRENT MODELS:
INFORMATION DEMANDS

Because of the nearly universal policy of basing highway
spending levels on revenues, both the federal and state
governments depend critically on forecasts of revenue
from taxes and fees levied on users for planning highway
expenditures. The federal gasoline tax of 18.4¢ per gal-
lon is approximately equal to the average state levy, so
that total tax revenues average about 36¢ per gallon
of fuel sold; Table 1 provides the complete breakdown,
state by state. At the same time, however, it is equally
important to examine developments in the world petro-
leum market and their effects on the wholesale or pretax
price of gasoline, which had been declining but has risen
sharply in recent months. In assessing the implications of



TABLE 1 Tax Rates on Motor Fuel, 1997 (Cents per Gallon)
Gasoline Diesel LPG Gasohol
State Rate Date Rate Date Rate Date Rate Date
Alabama* 18 06/01/92 19 06/01/92 17 06/01/92 18 06/01/92
Alaska 8 07/01/61 8 07/01/61 —_ — — —
Arizona™ 18 07/01/90 18 07/01/90 18 07/01/90 18 07/01/90
Arkansas* 18.6 07/01/96 18.6 07/01/96 16.5 04/01/91 18.6 07/01/06
California® 18 01/01/94 18 01/01/94 6 01/01/76 18 01/01/94
Colorado* 22 01/01/91 20.5 01/01/92 20.5 01/01/92 22 01/01/91
Connecticut 39 01/01/97 18 09/01/91 e 07/01/96 38 01/01/97
36 07/01/97 35 07/01/97
Delaware” 23 01/01/95 22 01/01/95 22 01/01/95 23 01/01/95
D.C. 20 10/01/94 20 10/01/94 20 10/01/94 20 10/01/94
Florida* 12.8 01/01/97 24.6 01/01/97 15.8 01/01/97 12.8 01/01/97
Georgia 7.5 07/01/71 7.5 07/01/71 7.5 07/01/71 7.5 07/01/71
Hawait 16 07/01/91 16 07/01/91 11 07/01/91 16 07/01/91
Idaho* 25 04/01/96 25 04/01/96 18.1 04/01/96 22.5 07/01/94
Illinois™ 19 01/01/90 21.5 01/01/90 19 01/01/90 19 01/01/90
Indiana* 15 04/01/88 16 04/01/88 e — 15 04/01/88
Towa 20 01/01/89 22.5 01/01/89 20 01/01/89 19 01/01/89
Kansas* 18 07/01/92 20 07/01/92 17 07/01/92 18 07/01/92
Kentucky® 16.4 07/15/94 13.4 07/15/94 15 07/01/86 16.4 07/15/94
Louisiana™® 20 01/01/90 20 01/01/90 16 07/01/93 20 01/01/90
Maine 19 07/17/91 20 04/01/89 18 07/17/91 19 07/17/91
Maryland 23.5 05/01/92 24.25 07/01/93 23.5 07/01/93 23.5 05/01/92
Massachusetts™ 21 01/01/91 21 01/01/91 9.5 01/01/97 21 01/01/91
Michigan® 15 01/01/84 15 01/01/84 15 01/01/84 15 01/01/84
19 08/01/97 19 08/01/97
Minnesota® 20 05/01/88 20 05/01/88 15 07/01/95 20 05/01/88
Mississippi* 18.4 07/01/93 18.4 07/01/93 17 01/01/89 18.4 07/01/93
Missouri® 17 04/01/96 17 04/01/96 17 04/01/96 17 04/01/96
Montana® 27 07/01/94 27.75 07/01/94 — — 27 07/01/94
Nebraska™ 25.3 01/01/97 25.3 01/01/97 25.3 01/01/97 25.3 01/01/97
24.9 04/01/97 24.9 04/01/97 24.9 04/01/97 24.9 04/01/97
24.8 07/01/97 24.8 07/01/97 24.8 07/01/97 24.8 07/01/97
24.5 10/01/97 24.5 10/01/97 24.5 10/01/97 24.5 10/01/97
Nevada 24.75 01/01/97 27.75 01/01/97 23 10/01/92 24.75 01/01/97
22 07/01/97
New Hampshire® 18.7 06/07/93 18.7 06/07/93 18 06/16/91 18.7 06/07/93
New jersey™ 10.5 07/01/88 13.5 07/01/88 5.25 07/01/88 10.5 01/01/92
New Mexico™ 18.875 07/01/96 19.875 07/01/96 3 01/01/96 18.875 07/01/96
New York* 22.40 01/01/97 22.35 01/01/97 8 10/01/90 22.35 01/01/97
22.80 04/01/97 22.65 04/01/97 22.65 04/01/97
North Carolina™ 22.6 01/01/97 22.6 01/01/97 22.6 01/01/97 22.6 01/01/97
North Dakota*® 20 01/01/96 20 01/01/96 20 01/01/96 20 01/01/96
Ohio* 22 07/01/93 22 07/01/93 22 07/01/93 22 07/01/93
QOklahoma™ 17 07/01/89 14 07/01/89 17 07/01/89 17 07/01/89
Oregon™ 24 01/01/93 24 01/01/93 24 01/01/93 24 09/01/93
Pennsylvania*® 22.35 09/01/91 22.35 09/01/91 22.35 09/01/91 22.35 09/01/91
25.9 05/01/97 26.0 05/01/97 25.9 05/01/97 25.9 05/01/97
30.8 10/01/97
Rhode Island* 29 07/08/94 29 07/08/94 29 07/08/94 29 07/08/94
South Carolina 16 01/01/89 16 01/01/89 16 01/01/89 16 01/01/91
South Dakota* 18 04/01/88 18 04/01/88 16 04/01/88 16 04/01/88
21 05/01/97 21 05/01/97 19 05/01/97 19 05/01/97
Tennessee* 20 04/01/89 17 04/01/90 14 04/01/89 20 04/01/89
Texas* 20 10/01/91 20 10/01/91 15 01/01/87 20 10/01/91
Utah* 19 04/01/87 19 04/01/87 19 04/01/87 19 04/01/87
19.5 06/01/97 19.5 06/01/97 19.5 06/01/97 19.5 06/01/97
24.5 08/01/97 24.5 08/01/97 24.5 08/01/97 24.5 08/01/97
Vermont* 16 07/01/89 17 07/01/89 e e 16 07/01/89
20 08/01/97 20 08/01/97
Virginia™® 17.5 07/01/92 16 07/01/92 10 01/01/94 17.5 07/01/92
Washington® 23 04/01/91 23 04/01/91 — e A3 05/01/94
West Virginia™ 25.35 05/01/93 25.35 05/01/93 25.35 05/01/93 25.35 05/01/93
Wisconsin® 23.7 04/01/96 23.7 04/01/96 23.7 04/01/96 23.7 04/01/96
23.8 04/01/97 23.8 04/01/97 23.8 04/01/97 23.8 04/01/97
Wyoming™ 9 07/01/89 9 07/01/89 — —_ 9 01/01/98
Weighted Avg. 19.05 19.50 14.18 20.01
Federal Tax 18.4 10/01/97 24.4 10/01/97 13.6 10/01/97 13.0 10/01/97
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TABLE 2 State Motor-Fuel Tax Revenues and Related Receipts (Thousands of Dollars)

1997 1996 1995 1994
Gross Adj. Total Gross Adj. Total Gross Adj. Total Gross Adj. Total
State Collections  Tax Receipts  Collections  Tax Receipts Collections Tax Receipts Collections  Tax Receipts
Alabama 542,221 540,195 533,257 530,399 534,767 530,779 522,124 518,243
Alaska 18,906 17,187 20,960 18,756 21,791 20,016 23,450 21,883
Arizona 499,370 490,497 484,348 478,129 460,812 458,997 430,454 427,881
Arkansas 351,117 351,117 354,456 340,052 344,348 329,862 332,171 319,063
California 2,820,580 2,730,407 2,763,367 2,635,798 2,725,847 2,617,883 2,584,707 2,443,550
Colorado 447,795 442,262 445,266 439,774 433,013 427,220 420,369 414,540
Connecticut 546,553 544,663 499,517 498,120 462,824 461,619 432,081 430,858
Delaware 103,412 103,195 93,542 93,345 97,850 97,597 89,130 88,902
D.C. 32,529 32,570 31,987 32,028 34,821 34,862 35,880 35,924
Florida 1,400,107 1,400,795 1,310,236 1,300,895 1,275,008  1276,616 1,202,944 1,200,062
Georgia 393,662 386,559 415,622 412,268 388,228 385,093 378,297 375,583
Hawaii 68,799 67,784 68,095 67,167 67,763 66,881 67,594 66,345
Idaho 202,419 194,170 188,858 179,514 157,808 149,905 151,733 143,280
Tllinois 1,136,898 1,122,838 1,164,395 1,134,506 1,131,311 1,097,265 1,112,736 1,073,959
Indiana 703,766 695,106 671,811 664,718 670,551 665,555 618,090 613,186
Towa 397,701 380,777 388,410 374,546 371,130 358,517 360,189 347,639
Kansas 313,902 311,834 299,231 296,996 290,941 289,078 286,146 283,821
Kentucky 413,776 406,004 400,874 400,698 377,504 377,433 364,047 363,820
Louisiana 589,912 500,272 699,060 529,232 505,690 492,839 497,002 474,108
Maine 155,570 150,741 150,504 145,803 138,964 134,306 143,143 138,639
Maryland 630,508 618,571 622,158 604,614 621,140 601,268 610,458 600,042
Massachusetts 598,547 590,775 599,660 591,807 578,218 570,639 563,308 555,541
Michigan 825,746 809,483 766,491 752,129 762,366 764,215 735,637 735,806
Minunesota 546,182 527,142 522,146 507,770 499,282 486,979 491,981 481,329
Mississippi 334,100 332,859 336,018 334,857 328,619 327,607 319,549 318,787
Missouri 632,969 631,720 591,994 591,526 535,374 535,258 500,857 500,355
Montana 177,809 167,107 179,535 167,857 158,202 154,844 160,011 150,261
Nebraska 293,014 279,931 261,782 249,759 248,840 235,311 249,914 235,691
Nevada 274,169 265,327 242,198 233,563 226,353 217,370 215,468 207,087
New Hampshire 123,687 121,409 116,183 116,902 110,647 111,010 107,006 107,021
New Jersey 488,049 488,216 464,170 463,664 431,181 431,165 441,427 440,876
New Mexico 232,707 230,908 224,128 223,780 246,959 246,449 224,674 225,230
New York 1,414,144 1,400,662 1,330,152 1,325,956 1,521,405 1,518,624 1,369,669 1,364,813
North Carolina 975,439 986,335 1,210,795 1,184,149 927,654 903,356 919,079 898,790
North Dakota 99,374 97,615 97,619 93,112 85,621 81,282 86,486 82,303
Ohio 1,426,954 1,365,308 1,394,619 1,341,859 1,329,351 1,301,962 1,278,089 1,256,379
Oklahoma 387,843 382,276 371,656 367,146 360,573 356,233 358,348 352,800
Oregon 387,521 378,293 374,573 364,425 369,967 360,706 355,557 347,208
Pennsylvania 1,538,470 1,533,638 1,317,925 1,314,011 1,424,605 1,425219 1,369,864 1,370,177
Rhode Island 124,974 124,665 123,848 123,518 120,633 120,262 116,259 120,108
South Carolina 396,222 394,130 387,048 384,942 393,295 393,629 382,594 382,819
South Dakota 107,480 101,008 97,933 91,273 93,933 86,696 95,230 87,804
Tennessee 683,188 670,104 680,383 662,619 669,620 650,543 651,009 633,125
Texas 2,459,891 2,396,826 2,386,361 2,319,576 2,302,528 2,240,355 2,226,096 2,168,643
Utah 265,044 257,605 220,831 214,380 208,184 201,672 196,858 190,890
Vermont 71,111 69,811 67,667 67,405 67,463 70,192 64,882 68,206
Virginia 735,764 732,313 696,429 693,348 696,587 693,689 685,719 682,423
Washington 702,845 699,997 681,669 668,487 668,465 656,419 650,724 638,689
West Virginia 271,110 270,784 262,247 261,612 276,805 276,358 276,399 275,810
Wisconsin 707,102 685,336 696,820 675,345 666,993 646,468 648,914 630,268
Wyoming 54,056 53,225 54,683 53,461 49,788 50,607 51,451 50,637
Totals 29,105,014 141,947 28,363,517 2,761,759 2,747,162 2,698,871 26,455,804 25,941,204

SOURCE: Motor-fuel taxes and related receipts, Bureau of Transportation Statistics.



TABLE 3 Changes in Revenues from Fuel Tax Receipts

1996-97 1995-96 1994-95

Change Change in Change Change in Change Change in

in Gross Total Tax in Gross Total Tax in Gross Total Tax

Collections Receipts Collections Receipts Collections Receipts

Alabama 1.65% 81% -0.28% 0.07% 2.36% .36%
Alaska ~10.86% 9.13% ~3.96% 6.72% ~7.61% 9.33%
Arizona 3.01% 52% 4.86% .00% 6.59% 78%
Arkansas -0.95% 15% 2.85% .00% 3.54% 27%
California 2.03% A7% 1.36% .68% 5.18% .66%
Colorado 0.56% 56% 2.75% 85% 2.92% .97%
Connecticut 8.61% S55% 7.35% 33% 6.64% .66%
Delaware 9.54% S55% ~4.61% 4.56% 8.91% 91%
Dist. of Columbia 1.67% .66% ~8.86% 8.85% -3.04% 3.05%
Florida 6.42% 13% 2.69% 87% 5.65% .00%
Georgia -5.58% 6.65% 6.59% 59% 2.56% A7%
Hawaii 1.02% 91% 0.49% A3% 0.25% .80%
Idaho 6.70% S55% 16.44% 6.49% 3.85% A2%
Ilinois -2.42% 1.04% 2.84% 28% 1.64% 12%
Indiana 4.54% 37% 0.19% 0.13% 7.82% 87%
Towa 2.34% .64% 4.45% 28% 2.95% .03%
Kansas 4.67% 76% 2.77% 67% 1.65% 82%
Kentucky 3.12% 31% 5.83% .81% 3.56% 61%
Louisiana ~18.50% 5.79% 27.66% .88% 1.72% .80%
Maine 3.26% 28% 7.67% .89% ~3.01% 3.23%
Maryland 1.32% 26% 0.16% S55% 1.72% 20%
Massachusetts -0.19% 0.17% 3.58% 58% 2.58% 65%
Michigan 7.18% .09% 0.54% 1.61% 3.51% 72%
Minnesota 4.40% 67% 4.38% .09% 1.46% 16%
Mississippi ~0.57% 0.60% 2.20% 17% 2.76% .69%
Missouri 6.47% .36% 9.56% S51% 6.45% S52%
Montana ~0.97% 0.45% 11.88% 75% ~1.14% 96%
Nebraska 10.66% 0.78% 4.94% 78% ~0.43% 0.16%
Nevada 11.66% 1.97% 6.54% .93% 4.81% 73%
New Hampshire 6.07% 1% 4.76% 04% 3.29% 59%
New Jersey 4.89% 03% 7.11% 01% -2.38% 2.25%
New Mexico 3.69% .09% -10.19% 10.13% 9.02% 61%
New York 5.94% .33% ~14.38% 14.53% 9.97% 0.13%
North Carolina -24.13% 20.06% 23.38% 3.71% 0.92% S51%
North Dakota 1.77% 61% 12.29% 2.71% -1.01% 1.26%
Ohio 2.27% T72% 4.68% 97% 3.86% 50%
Oklahoma 4.17% .96% 2.98% 97% 0.62% .96%
Oregon 3.34% 67% 1.23% .02% 3.89% .74%
Pennsylvania 14.34% 4.32% -8.09% 8.46% 3.84% .86%
Rhode Island 0.90% 92% 2.60% .64% 3.63% A3%
South Carolina 2.32% 33% ~1.61% 2.26% 2.72% 75%
South Dakota 8.88% .64% 4.08% 01% ~1.38% 1.28%
Tennessee 0.41% A2% 1.58% .82% 2.78% 68%
Texas 2.99% 22% 3.51% A2% 3.32% 20%
Utah 16.68% 6.78% 5.73% .93% 5.44% .35%
Vermont 4.84% A45% 0.30% 4.13% 3.83% .83%
Virginia 5.35% .32% -0.02% 0.05% 1.56% .62%
Washington 3.01% S50% 1.94% 81% 2.65% 70%
West Virginia 3.27% .39% ~5.55% 5.64% 0.15% 20%
Wisconsin 1.45% A46% 4.28% 28% 2.71% S51%
Wyoming ~1.16% 0.44% 8.95% .34% -3.34% 0.06%
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TABLE 4 State Motor-Vehicle and Motor-Carrier Tax Receipts (Thousands of Dollars)

1997 1996
Automobiles Trucks Automobiles Trucks
(including and Truck Total (including and Truck Total

STATE taxicabs) Tractors Receipts taxicabs) Tractors Receipts

Alabama 3,989 54,373 147,704 3,615 37,030 177,366
Alaska 11,9587 9,466 31,758 11,872 9,532 30,932
Arizona 23,018 63,532 259,456 22,940 61,820 247,700
Arkansas 21,610 57,283 114,959 23,451 30,570 120,598
California 3,141,491 1,397,975 5,205,428 2,778,390 1,553,811 4,985,706
Colorado 66,179 56,670 211,939 64,881 52,963 203,793
Connecticut 20,525 4,332 245,200 108,846 22,974 238,920
Delaware 9,572 5,280 71,918 9,187 5,246 70,016
Dist. of Columbia 12,921 1,915 54,737 14,283 2,117 55,179
Florida 236,630 131,923 940,084 229,897 127,958 931,611
Georgia 133,457 31,447 249,064 102,995 65,913 245,742
Hawaii 55,907 11,643 82,881 54,673 12,417 83,035
Idaho 21,530 18,283 103,724 16,336 15,052 94,660
Hlinois 320,265 201,460 746,505 349,832 187,259 764,186
Indiana 40,547 126,185 243,352 39,977 123,360 235,160
lowa 183,600 86,200 320,922 163,500 87,600 304,541
Kansas 41,561 69,403 150,476 39,991 67,505 142,817
Kentucky 18,275 22,607 545,753 18,190 22,020 530,836
Louisiana 32,282 31,977 172,601 32,596 33,078 177,612
Maine 20,649 13,308 76,289 20,015 13,950 78,571
Maryland 98,971 35,165 761,117 95,339 35,308 742,747
Massachusetts 78,134 77,661 337,880 72,684 75,711 303,742
Michigan 380,465 159,817 688,287 357,676 151,788 674,148
Minnesota 339,004 151,433 571,167 317,082 137,806 504,184
Mississippi 30,572 27,165 124,787 29,877 27,298 125,380
Missourt 76,827 103,877 255,648 77,606 106,119 256,632
Montana 6,057 6,092 55,934 6,701 5,218 52,351
Nebraska 19,073 27,152 78,919 16,433 32,276 76,945
Nevada 45,154 19,495 129,823 42,871 18,509 109,597
New Hampshire 20,984 21,204 86,048 20,558 19,766 83,077
New Jersey 179,051 30,920 554,600 172,505 50,170 594,755
New Mexico 27,817 27,188 217,495 27,218 25,932 208,218
New York 230,425 66,512 772,189 226,596 66,272 719,823
North Carolina 84,448 115,271 318,930 90,180 105,612 387,029
North Dakota 18,682 15,986 48,059 18,973 16,086 47,904
Ohio 245,530 150,521 645,547 240,632 144,392 604,184
Oklahoma 248,775 45,583 422,353 240,851 43,191 389,462
Oregon 28,984 28,544 327,696 30,916 27,289 325,913
Pennsylvania 221,146 204,547 668,049 187,719 221,291 639,011
Rhode Island 18,801 8,674 64,172 16,958 9,031 62,776
South Carolina 30,625 26,265 105,710 24,094 35,143 106,719
South Dakota 11,147 25,263 46,637 10,874 23,854 44,714
Tennessee 41,680 62,522 206,307 49,780 56,389 202,364
Texas 441,079 307,610 2,864,885 419,957 307,402 2,742,591
Utah 15,570 19,735 81,421 10,833 13,201 66,165
Vermont 15,450 8,769 70,486 16,051 8,878 88,098
Virginia 31,825 14,961 724,532 31,250 13,768 697,963
Washington 618,229 323,983 1,070,543 377,556 307,079 1,000,759
West Virginia 27,701 32,308 209,570 25,529 33,789 205,981
Wisconsin 112,592 128,438 316,885 132,510 105,853 311,009
Wyoming 5,015 30,030 48,470 4,390 28,900 44,686
Total 8,162,778 4,697,953 644,520 7,697,683 4,787,496 22,137,908

SOURCE: Motor-fuel taxes and related receipts, Bureau of Transportation Statistics.
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TABLE 4 Continuned

1995 1994
Automobiles Trucks Automobiles Trucks
(including and Truck Total (including and Truck Total
taxicabs) Tractors Receipts taxicabs) Tractors Receipts
3,789 50,821 172,681 37,039 363 163,407
11,978 9,571 29,022 11,788 9,365 30,007
22,345 52,119 212,256 21,423 50,413 253,211
23,806 29,612 109,516 26,335 26,404 104,233
2,258,429 1,099,483 3,942,979 2,661,682 1,209,347 4,454,589
54,297 40,366 162,363 54,701 36,832 148,821
106,601 22,500 238,115 108,171 22,831 244,521
9,399 5,392 106,842 9,191 10,313 69,262
15,638 2,318 55,949 14,194 2,104 56,125
214,777 122,531 886,769 213,282 118,020 913,277
98,983 63,092 236,027 117,548 38,651 225,141
53,785 12,502 78,927 53,412 12,827 75,058
16,113 15,105 92,348 15,765 15,765 86,477
351,041 201,395 757,108 326,325 195,099 721,470
39,002 121,531 231,147 47,056 135,777 230,066
158,100 83,900 293,558 152,300 81,100 278,738
39,591 66,276 133,858 38,688 63,049 134,772
17,369 21,138 774,672 18,247 21,038 458,888
31,109 30,523 158,418 28,803 30,889 164,286
20,155 13,398 68,947 19,126 13,432 76,185
93,777 34,985 658,661 92,806 35,465 664,197
75,322 72,987 294,755 58,163 69,235 302,878
308,317 164,799 616,310 311,033 136,472 583,744
311,520 106,404 456,164 319,508 107,835 500,440
29,314 26,637 116,983 28,969 27,555 110,630
76,122 101,559 239,992 76,193 106,362 250,357
6,611 5,253 50,487 6,496 5,213 48,370
16,163 28,133 70,762 16,242 26,755 64,362
39,328 16,979 99,721 36,850 15,909 95,891
20,689 18,892 81,056 19,176 18,386 78,327
169,452 61,285 617,717 166,043 62,015 553,458
26,913 25,012 293,307 26,094 23,868 209,981
257,168 71,956 735,527 254,984 69,594 751,618
78,020 86,588 312,195 78,639 83,023 303,749
18,928 17,099 48,104 18,844 17,123 48,283
240,019 142,006 573,422 236,854 137,215 619,424
225,116 41,843 365,966 208,532 41,126 346,783
27,025 26,143 309,217 30,880 27,441 315,320
174,541 220,612 614,346 172,546 220,530 507,823
18,538 8,902 58,795 18,538 8,902 67,581
29,442 24,982 101,532 31,946 36,527 114,716
10,949 23,295 43,806 12,562 20,715 41,089
68,396 40,367 198,424 63,131 48,838 188,500
419,607 272,722 4,232,301 433,616 282,523 2,461,458
10,565 14,421 62,863 10,430 13,153 58,560
15,825 8,629 130,195 15,080 8,507 81,588
32,265 17,696 898,189 25,735 26,035 534,032
544,039 297,344 937,061 520,591 289,838 918,162
16,914 39,209 323,746 23,546 34,519 193,161
131,590 91,418 291,087 129,896 95,678 296,775
4,544 27,793 41,628 4,043 6,654 40,580
7,043,323 4,199,423 22,675,821 7,423,039 4,243,630 20,340,371




TABLE 5§ Changes in Revenues from Vehicle Registrations

1996-97 199596 1994-95

From From Total From From Total From From Total

Cars Trucks Receipts Cars Trucks Receipts Cars Trucks Receipts
Alabama 0.09 0.32 -~0.20 -0.05 -0.37 -0.03 ~-8.78 0.07 0.05
Alaska 0.01 -0.01 0.03 ~-0.01 0.00 0.06 0.02 0.02 -0.03
Arizona 0.00 0.03 0.05 0.03 0.16 0.14 0.04 0.03 -0.19
Arkansas -0.09 0.47 -0.05 -0.02 0.03 0.09 -0.11 0.11 0.05
California 0.12 -0.11 0.04 0.19 0.29 0.21 -0.18 -0.10 -0.13
Colorado 0.02 0.07 0.04 0.16 0.24 0.20 -0.01 0.09 0.08
Connecticut -4.30 -4.30 0.03 0.02 0.02 0.00 -0.01 -0.01 ~0.03
Delaware 0.04 0.01 0.03 -0.02 ~-0.03 -0.53 0.02 -0.91 0.35
D.C. ~0.11 -0.11 ~0.01 -0.09 -0.09 -0.01 0.09 0.09 0.00
Florida 0.03 0.03 0.01 0.07 0.04 0.05 0.01 0.04 -0.03
Georgia 0.23 -1.10 0.01 0.04 0.04 0.04 -0.19 0.39 0.05
Hawaii 0.02 -0.07 0.00 0.02 ~0.01 0.05 0.01 ~-0.03 0.05
Idaho 0.24 0.18 0.09 0.01 0.00 0.02 0.02 -0.04 0.06
[llinois -0.09 0.07 -0.02 0.00 -0.08 0.01 0.07 0.03 0.05
Indiana 0.01 0.02 0.03 0.02 0.01 0.02 -0.21 ~0.12 0.00
Iowa 0.11 -0.02 0.05 0.03 0.04 0.04 0.04 0.03 0.05
Kansas 0.04 0.03 0.05 0.01 0.02 0.06 0.02 0.05 -0.01
Kentucky 0.00 0.03 0.03 0.05 0.04 -0.46 -0.05 0.00 0.41
Louisiana -0.01 -0.03 -0.03 0.05 0.08 0.11 0.07 ~0.01 ~0.04
Maine 0.03 -0.05 -0.03 ~0.01 0.04 0.12 0.05 0.00 -0.10
Maryland 0.04 0.00 0.02 0.02 0.01 0.06 0.01 -0.01 0.05
Mass. 0.07 0.03 0.10 -0.04 0.04 0.03 0.23 0.05 ~0.03
Michigan 0.06 0.05 0.02 0.14 ~0.09 0.09 -0.01 0.17 0.05
Minnesota 0.06 0.09 0.12 0.02 0.23 0.10 ~0.03 -0.01 -0.10
Mississippi 0.02 0.00 0.00 0.02 0.02 0.07 0.01 -0.03 0.05
Missouri -0.01 -0.02 0.00 0.02 0.04 0.06 0.00 -0.05 ~0.04
Montana -0.11 0.14 0.06 0.01 0.01 0.04 0.02 -0.01 0.04
Nebraska 0.14 -0.19 0.03 0.02 0.13 0.08 0.00 0.05 0.09
Nevada 0.05 0.05 0.16 0.08 0.08 0.09 0.06 0.06 0.04
New Hamp. 0.02 0.07 0.03 -0.01 0.04 0.02 0.07 0.03 0.03
New Jersey 0.04 -0.62 -0.07 0.02 -0.22 -0.04 0.062 -0.01 0.10
New Mexico 0.02 0.05 0.04 0.01 0.04 ~0.41 0.03 0.05 0.28
New York 0.02 0.00 0.07 -0.13 ~0.09 ~0.02 0.01 0.03 -0.02
N. Carolina -0.07 0.08 -0.21 0.13 0.18 0.19 -~0.01 0.04 0.03
N. Dakota -0.02 -0.01 0.00 0.00 ~0.06 0.00 0.00 0.00 0.00
Ohio 0.02 0.04 0.06 0.00 0.02 0.05 0.01 0.03 -~0.08
Oklahoma 0.02 0.05 0.08 0.07 0.03 0.06 0.07 0.02 0.05
Oregon -0.07 0.04 0.01 0.13 0.04 0.05 -0.14 -0.05 -0.02
Pennsylvania 0.15 -0.08 0.04 0.07 0.00 0.04 0.01 0.00 0.01
Rhode Island 0.10 -0.04 0.02 -0.09 0.01 0.06 0.00 0.00 -0.15
S. Carolina 0.21 -0.34 -0.01 ~0.22 0.29 0.05 —-0.09 ~0.46 -0.13
S. Dakota 0.02 0.06 0.04 -0.01 0.02 0.02 ~0.15 0.11 0.06
Tennessee -0.19 0.10 0.02 -0.37 0.28 0.02 0.08 ~0.21 0.05
Texas 0.05 0.00 0.04 0.00 0.11 -0.54 -0.03 ~0.04 0.42
Utah 0.30 0.23 0.19 0.03 0.05 0.05 0.01 0.09 0.07
Vermont -0.04 -0.01 -0.25 0.01 0.03 ~0.48 0.05 0.01 0.37
Virginia 0.02 0.08 0.04 -0.03 ~0.29 -0.29 0.20 -0.47 0.41
Washington 0.07 0.05 0.07 0.06 0.03 0.04 0.04 0.03 0.04
West Virginia 0.08 -0.05 0.02 0.34 -0.16 ~0.57 -0.39 0.12 0.40
Wisconsin -0.18 0.18 0.02 0.01 0.14 0.06 0.01 -0.05 -0.02
Wyoming 0.12 0.04 0.08 -0.04 0.04 0.07 0.11 0.76 0.03
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these developiments for revenues generated by fuel taxes,
it is important to identify the structure of the federal and
each state’s fuel tax, including whether the tax is levied
on a value-added basis or as a fixed amount per gallon,
as well as whether the state’s general sales tax also ap-
plies to gasoline sales.

Calculating and Forecasting Fuel-Tax Revenues

Figure 2 displays the forecasting of automobile fuel effi-
ciency. In calculating and forecasting total tax revenues
likely to be generated by fuel purchases and usage, two
variables are critically important: (@) total VMT by vehi-
cles operating on each different type of fuel that is taxed,
and (b) the average fuel efficiency of the fleet of vehicles
operating on each different type of fuel. The fundamen-
tal accounting identity determining revenues from fuel
taxation is

R=Y1"G, (1)

where

R = total revenue from fuel taxes;

t; = the state tax rate on each particular type
of fuel (gasoline, diesel, gasoline-alcohol blends,
natural gas, etc.); and

G; = the (equivalent) number of gallons of each type
of fuel subjected to taxation at sale.

Of the variables entering this identity, only the tax rates
on different types of fuel (the values of t;) are known with
certainty; the number of gallons of each type of fuel sub-
ject to taxation (the values of G,) must be forecast for
each future period comprising the planning horizon.® In
turn, the number of gallons of each type of fuel sold will
be a function of total VMT by vehicles operating on that
fuel type and their average fuel efficiency (expressed in
miles per gallon, MPG, or gallon equivalent). The iden-
tity relating fuel sales to these variables is

G, = VMT, / MPG, (2)

In turn, however, both VMT, and MPG; will be influ-
enced by other variables (some of which, such as the per-
gallon price of fuel, may affect both VMT and MPG).
Formally,

VMT, =£(x) (3a)
MPG, = g(x") (3b)

Equations 3a and 3b simply show that VMT, is a func-
tion of some vector of variables x’, whereas average fuel
efficiency of vehicles operating on that fuel (MPG;) will

Per Capita Automobile
Income Age
Automobile g;’:‘;g‘::g: Automobile
Sales Rate Stock@(T-1)
Automobile
Stock @T |
hd
Automobile Automobile Autormobile
NI RVTI EFFi
Automobile
» Fleet Fuel |«
Efficiency

FIGURE 2 Forecasting automobile fuel efficiency. (Notes: NI is the proportion
of automobile in Ith age cohort; RVTT is the relative vehicle use by automobile in
Ith age cohort; and EFFI is the fuel efficiency of automobile in Ith age cohort.)
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be some function of another vector of variables x”, al-
though these vectors may share some common vari-
ables. Therefore, total consumption of each type of fuel
(G)) also will depend on the variables that influence
travel by vehicles using that fuel and their average effi-
ciency:

G, = h|[VMT, (x'), MPG, (x") ] (4)

(A more sophisticated model would consider whether
different fuels are taxed at different rates, and it would
incorporate the effect of differential taxation on the level
of VMT recorded in vehicles operating on these different
types of fuel.)

The value of this framework is that it makes clear that
we need to understand the factors that influence the vari-
ables VMT, and MPG,, together with the form of their
relationship to these two variables. Thus, the reliability
with which revenues can be forecast depends, first, on
the accuracy of available measures of the variables in-
cluded in Equations 2 and 3 and, second, on our under-
standing of the relationships represented by Equation 3.
Of equal importance will be the accuracy of models rep-
resenting those relationships and on the reliability of
available forecasts of the specific variables contained in
x” and x”. Depending upon the state of information and
knowledge in each of these areas, the most effective way
to improve the reliability of revenue forecasts may entail
improving measures of critical variables (or generating
entirely new measures), developing more complete mod-
els of the relationships among them, or improving our
ability to forecast the variables that influence travel be-
havior and vehicles’ fuel efficiency—or a combination of
these measures.

In the models for travel by vehicles operating on dif-
ferent fuels (VMT,), shown above as Equation 3a, data
on VMT usually are collected from state transportation
departments. Economic and demographic variables that
influence VMT (the elements of x” in Equation 3a) typi-
cally are obtained from departments dealing with eco-
nomic activity and demographic information, such as
state finance and commerce departments. Measures of
each of these variables at the state level are required to
develop a model suitable for estimating VMT. Analysts
seeking to develop such models must distinguish be-
tween information that is available as continuing time
series (typically monthly or annually) and information
that is gathered by survey and is therefore only occa-
sionally available, and they also must explore how these
different types of data can be integrated and used. An-
other alternative is to explore the availability of cross-
sectional data for substate geographic units (such as
counties or municipalities), although the current state of
cross-sgectional VMT data within states appears to be
crude.

Measuring Fuel Use, VMT, and Fuel Efficiency

As Schipper (3) observes, the fact that fuel consumption,
travel, and fuel efficiency are identically related accord-
ing to Equation 1 means that measuring any two of
those three variables enables us to estimate the third.
However, reliable and continuous data are widely avail-
able only for consumption of different types of fuel—
typically as a by-product of their taxation—so that
either travel (VMT) by vehicles operating on each type
of fuel or their average fuel efficiency (MPG) must be es-
timated in order to determine the third variable. (Two
important caveats are that states typically do not esti-
mate the distribution of sales of each type of fuel to dif-
ferent types of vehicles—for example, the distribution
of gasoline sales among motorcycles, automobiles, and
trucks—nor are they able to estimate reliably purchases of
fuel within their borders for use in neighboring states.)

The procedure used by many states to estimate VMT
is a “scaling” approach, in which year-to-year changes
in loop-detector traffic counts are used to scale upward
or downward an estimate of statewide VMT for the pre-
vious year; this procedure also is used often in short-
term forecasting of VMT (typically within the current
year). Many states operate statewide networks of loop
detectors and permanent traffic counting stations, al-
though these provide information on vehicle volumes—
and thus indirectly on numbers of vehicle trips—and not
on the distance or duration of the trips. Most states also
have movable traffic counters that provide traffic counts
in additional locations, but typically not on a continu-
ous time-series basis. Many counties collect information
on average daily traffic at permanent and some mobile
sites. Although some employ these data in an attempt to
measure total VMT, the resulting estimates are crude
since vehicle counts alone convey no information on trip
lengths and these sites tend to be located in older areas
where development is mature and the level of growth of
newer areas is rarely observed. As a result, there is wide-
spread suspicion that these measures tend to underesti-
mate growth in statewide VMT.

Using the sample of historical VMT data gathered on
segments of different roadway types and locations, fu-
ture VMT can be forecast using an econometric model
that includes among its explanatory variables household
or statewide income measures, fuel prices, and other im-
portant variables. Often such models are specified using
a so-called “stock adjustment” framework, in which the
previous year’s value of the dependent variable, VMT,
appears as an explanatory variable, since this often im-
proves the performance of such models when used for
forecasting. Where a state’s historical time series of an-
nual VMT data is too short to permit a reliable estima-
tion of such a model’s parameters, more frequent data
(monthly or quarterly) can be used. This procedure re-
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quires that seasonal or other factors that vary by month
or quarter also be included in the model, as well as
monthly or quarterly estimates of the desired explana-
tory variables be available. Although it might be desir-
able to develop separate models for VMT recorded by
vehicles operating on different fuels, historical data of
this detail rarely are available. This generally results in
forecasts of total VMT being “apportioned” among ve-
hicles operating on different fuels using information on
their relative representation in a state’s registered fleet
and any available estimates of how their average usage
differs,

Another approach to estimating state-level VMT would
be to use individual vehicles’ odometer readings (Charles
Lave of the University of California at Irvine has done some
work in California), recorded in sequential years to de-
velop estimates of average annual use per vehicle of dif-
ferent types. These data could be obtained from annual
inspection programs, which many states conduct to verify
the condition of vehicles’ safety or emissions control
equipment, or from odometer readings recorded at the
time vehicles are registered in a state. The major com-
plication with this procedure is that it also requires sep-
arate estimates of the number of vehicles of each type
operating in the state throughout the year. This namber
can differ from the number registered or inspected be-
cause of resales, seasonal registration, selective exemp-
tions from inspection programs, and other factors, Al-
though this procedure appears to offer a promising
alternative to VMT estimates based on annual fluctua-
tions in traffic counts, it appears to have been attempted
only experimentally to date.

The most common procedure for independently esti-
mating the average fuel efficiency of the vehicle fleet (the
variable MPG) is to develop a “vintaging” model of a
state’s vehicle fleet, similar to so-called cohort survival
models used to forecast population growth. Developing
such a model requires an age distribution of the vehicle
fleet for some initial year, together with estimates of fu-
ture new vehicle sales, the fraction of vehicles of each
age or model year that will be retired from the fleet, the
fuel efficiency of each model year represented in the fleet
when it was new, and the rate at which fuel efficiency de-
teriorates with the passage of time. (An additional com-
plication is that fuel efficiency ratings for new vehicles
do not match their actual on-road performance, so the
“gap” between these measures must be estimated.) This
approach is illustrated below.

This discussion of data requirements for forecasting
fuel-tax revenues and the procedures that commonly are
used to estimate critical variables suggests two conclu-
sions. First, the available estimates of state-level VMT
probably are inadequate and require significant im-
provement in their reliability. California provides a good
example of a state that measures VMT only in a limited

number of locations and for a limited number of vears,
with estimates for the intervening years interpolated
from values for the years in which VMT is measured.
Similarly, local estimates of VMT are expanded to the en-
tire state based on data collected on a relatively limited—
and certainly older—part of the system. States need to
invest more in collecting information on three attributes
of VMT: the number of miles, the location of the miles,
and the average trip length.

The second conclusion is that the models used to es-
timate travel and fleet fuel efficiency are relatively simple
and essentially embody accounting rather than behav-
ioral relationships. There are few linkages to variables
other than aggregate income. Little or no attention is
paid to the impact of different policies, for example,
CAFE, on constituent variables such as fuel efficiency or
VMT. Perhaps more significant is these models’ general
Jack of responsiveness to changes in fuel tax rates or
other components of transportation prices.

ARE THE MODELS ADEQUATE?

The previous section focused on the accuracy of the data
used to calculate the variables in developing revenue fore-
casting models. This section asks whether those models
are structured in a way that adequately reflects the un-
derlying economic and social influences on travel and
fuel use and hence on fuel-tax revenues. The models used
by most states to forecast travel and other variables af-
fecting fuel-tax revenues appear to be accounting identi-
ties or simple statistical relationships predicting one of
the components of revenues. They are simplistic and non-
behavioral. For example, in Indiana’s revenue forecast-
ing model, total VMT recorded by commercial vehicles
(VMTon) is predicted from the number of combination
truck tractors registered in the state (TT,) using the fol-
lowing equation:

VMT oy = ~1964.88+0.1077 - TT,,, (5)

In turn, a measure of the state’s gross product (anal-
ogous to the gross domestic product, or GDP, at the
national level) is used to forecast TT,,. Aside from the
apparent unreasonableness of the negative constant term
in Equation §, the model is not “causal,” in the sense that
it fails to include any variables likely to influence the
usage of trucks within the state.

Similarly, the revenue forecasting model used by Cal-
ifornia’s State Budget Office is a regression model with
the previous year’s consumption of fuel as its only “ex-
planatory” variable. In other words, it is a simple trend
model. The specific measure used by the model is gaso-
line consumption, and the model is used every two years
to generate forecasts of fuel-tax revenues over a 7-year



142 INFORMATION REQUIREMENTS FOR TRANSPORTATION ECONOMIC ANALYSIS

future horizon. (The state considered introducing a fuel
efficiency variable in the model but decided against it be-
cause fuel efficiency was changing too much and it was
not worth the extra effort, in their view!) One common
but disturbing feature of such models is their implicit as-
sumption that the demands for travel, vehicles, and fuel
are not responsive to changes in social, demographic, and
economic variables. This leads to the particularly trouble-
some implication that there is no response of fuel use to
changes in fuel prices, either through the number and type
of vehicles owned or the amount each one is driven; in
economic terms, the demand for fuel is assumed to be
perfectly inelastic. The penetration of sports utility vehi-
cles (SUV} into the vehicle fleet over the past five years is
a clear example of why such an approach is inadequate.

The argument can be made that there is some more or
less general underlying behavioral model in which the
long-run structure of transportation and fuel demand,
hence fuel-tax revenues, is determined by a set of eco-
nomic and demographic variables.

Vehicle use may exhibit a long-run trend, but house-
holds and businesses also adjust their use of available ve-
hicles in the short term in response to their changing
demands for travel. Over the longer run, however, they
are likely to change the number of vehicles they own.
Thus, one can think of households making decisions
about the number and type of vehicles to purchase based
on demographic considerations including family size,
composition, and age structure as well as on economic
factors such as their incomes and the prices of vehicles
and fuel. At the same time, the household will make ac-
companying decisions about how much to use each ve-
hicle in order to meet its members’ collective demands
for travel.

If fuel prices change—for example, if they increase—~
households are likely to alter the usage of each vehicle
they own because the fuel efficiencies of those vehicles
may not correspond to what the household would have
purchased at higher fuel prices. (In economic terms, the
household is in “disequilibrium.”) On average, an in-
crease in fuel prices would be expected to reduce the av-
erage number of miles driven by household members in
the vehicles they own, thereby reducing the total number
of vehicle miles they drive. With permanently higher fuel
prices, however, the household may change the number
or—more likely——the fuel efficiency of the vehicles it
owns by selling one or more vehicles and possibly pur-
chasing others. After it does so, the total number of ve-
hicle miles it drives may return to a level closer to
(although still below) what prevailed before the increase
in fuel prices. As this example illustrates, the behavioral
response to a change in any one of the variables ulti-
mately determining fuel consumption and tax revenues
may be quite complicated.

The “true” behavioral relationships of these inter-
mediate variables to the underlying demographic and
economic influences are complex, as illustrated by the
ex- ample of changes in vehicle use in response to fuel
price variation. Vehicle use is in turn only one of the de-
terminants of total VMT (vehicle ownership, which also
is quite complex, being the other). It would not be real-
istic for each state to try to model the entire behavioral
system for forecasting purposes. What states probably
need is some simplified model that captures the impor-
tant behavioral responses but also “tracks” well for
forecasting purposes. Therefore, one useful way to
think about a model for forecasting is that demographic
and economic variables affect fuel consumption
through their influence on the intermediate variables
that mathematically determine fuel consumption,
namely VMT and vehicle fuel efficiency.

Reduced-Form Equation

A potentially useful approach is to estimate a “reduced
form” equation for VMT that is derived from careful
specification of the structural form.'® Fuel efficiency can
be modeled in the same way (econometric estimation of
a reduced-form model), or we can do it “mechanically”
using the cohort-survival approach. VMT would be the
left-side variable and the right-side variables would be
gross domestic product (GDP), price gas, and fuel effi-
ciency. The price of gas/fuel efficiency would measure
cost/mile. The right-side variables would come from
state DOTs and other departments in the state govern-
ment. Also included on the right side would be the de-
gree of urbanization, per-capita road miles. Broad
macro influences, household demographics, and loca-
tion characteristics would be of interest as well. Build-
ing on these examples, states as well as the federal
government could develop models that perform well in
forecasting but also satisfactorily capture the critical re-
sponses to changes in fuel prices, tax rates, and fleet fuel
efficiency (the SUV effect, for example). There are sev-
eral examples of this approach in the literature (4,5).

As an illustration of the approach just described,
Schimek (5) has estimated a time-series model of gaso-
line and travel demand. In the model, the per-capita
demand for (highway) gasoline, Gy, would be a func-
tion of the price of fuel, Py, and annual per-capita in-
come, Yy

Gy :f(PF, Y:) (6)

However, gasoline demand can be decomposed into
three key influences: the stock of vehicles, the fuel effi-
ciency of the vehicle stock, and the usage of the vehicle
stock. The systems of equations would be as follows:
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e Vehicle ownership or stock equation: vehicles per
capita = vehicle stock/population.

e Vehicle use equation: annual VMT/vehicle = total
VMT/total gasoline consumption.

e Vehicle stock fuel efficiency: total VMT/total gaso-
line consumption.

From this system of three equations emerges the ac-
counting identity, as we saw earlier, of

G=8/N-DIS+DITG (7)

where

S = vehicle stock,

N = population,

D = distance driven, and
TG = total gas consumption.

The value of the disaggregation is that by modeling the
three factors separately, you are able to take account of
the separate influences and the differences in adjustment
periods for each of the factors. In effect, you can obtain
more precise estimates of the parameters and hence more
accurate forecasts.

Model components for gasoline demand are the fol-
lowing:

Stock: SIN = fi(P,,Y,,P,) (8)
Efficiency: DITG = f,(P,,Y,,T) (9)
Usage:  DIS, = f,(Py,Y,,SIN,DITG, D74,D79) (10)

where T is a time trend running from 1978 through 1994
used to control for the CAFE standards and D74 and D79
are dummy variables to control for gas-rationing years.
These estimates are based on annual data for the entire
United States from 1950 through 1994 inclusive. The
model is estimated to control for the impact of the intro-
duction of the CAFE, which turns out to be quite impor-
tant. The long-run price elasticity of demand for gaso-
line was estimated to be —0.7, which is less than thought
(-1.02), whereas the income elasticity is estimated to
be 1.43. This latter estimate is similar to the previous
literature.

Estimates also are available for the parameters of the
three-equation model. In the stock equation, the fuel
price elasticity is —0.14, in the VMT equation it is —0.26,
and in the fuel efficiency equation it is 0.23. Therefore,
a 1 percent decrease in real gas prices will increase vehi-
cle holdings by 0.14 percent, increase VMT by 0.26 per-
cent, and reduce the average fuel efficiency of the stock
by 0.23 percent. Thus, this model indicates the long-run
rebound effect may be as high as -0.3.

The impact of changes in income is measured in all
three equations as well. The income elasticity of vehicle

holdings is 1.14, of vehicle usage is 0.29, and of vehicle
fuel efficiency is —0.06. Therefore, a 1 percent increase
in real income will increase average vehicle holdings by
1.14 percent, increase vehicle use (measured in VMT)
by .29 percent, and reduce average vehicle efficiency by
6 percent.

The importance of using models that are more so-
phisticated should be evident from these estimates. First,
there are quite significant differences in the impact of
prices on important variables that would be used to
forecast revenues: usage, vehicle efficiency, and vehicle
holdings.

Second, the models illustrate the relative importance
of the economic variables and their influence on fuel con-
sumption. Gasoline demand is more income than price
elastic so if price/income trends continue, per-capita con-
sumption of fuel will rise, as will tax revenues. The influ-
ence of income on fuel consumption occurs for the most
part through vehicle ownership with a small effect on
vehicle usage. Price affects fuel consumption through
changes in fuel efficiency and reductions in VMT. Prices
do not affect vehicle ownership to a significant degree,
and the price effect on VMT is much greater than the
price effect on fuel efficiency.

Third, it is possible to examine the impact of insti-
tutional, strategic, and policy changes on demand and
hence on revenues. The introduction of CAFE standards
has lead to a measurable long-run increase in driving as-
sociated with the reduced vehicle operating cost due to
fuel efficiency standards. Do we need models that are
more sophisticated? That is an open question, since on
the one hand the disaggregation clearly shows some sig-
nificant differences in the impacts on variables used in
forecasting revenues, but on the other hand the parame-
ters also exhibit significant long-term stability. So yes,
we need better models, but we do not have to reestimate
them every year or two. Perhaps the essential question is,
what you are trying to forecast and why?

Suggested Modeling Approach

The argument has been made that the models now in use
in many states are simplistic whereas in other states they
are relatively sophisticated. The variance in modeling
design and forecasting reliability is reasonably high. Per-
haps it would be desirable to develop a generic forecast-
ing model that could serve as the basis for all states to
develop forecasts. States would have the opportunity to
augment the basic model to meet their particular needs
and circumstances. (FHWA takes information [fore-
casts| from these diverse set of models and aggregates it
to yield nationwide measures.)

The gap between what is used now in the forecast
of state revenues and what we have earlier argued is a
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desirable full structural model is large. To close this
gap in a meaningful yet practical way, it may be pru-
dent to proceed as follows: set out the full structural
model to ensure the causal relationships are well under-
stood, and then step down to a manageable reduced-
form model. The manageability of the reduced-form
model would be dictated to a significant degree by the
availability of data. The gap between the structural and
reduced-form model would provide information to states
as to the types of data they should be collecting to aug-
ment their revenue forecasting models. (Estimating the
reduced form might represent a reasonable compromise
between what we do now, which is somewhat simplistic,
and estimating the entire structural system, which is ar-
guably too complicated for many states to manage.)

The structural model might take the form of estimat-
ing two relationships, the amount of travel (VMT) and
the fuel efficiency of the fleet, and use an accounting
identity for total fuel consumption. This would provide
the requisite information to forecast fuel tax and regis-
tration fee and other fee revenues.

Total VMT is determined by a system with a structu-
ral form consisting of two equations and an accounting
identity. The appropriate behavioral unit is probably the
individual household, in which case the system deter-
mines annual VMT/household rather than total annual
VMT, and we need another equation for the number of
households. It also would require household-level data,
which are difficult and expensive to come by. (One of the
most difficult problems is the need for panel data to ob-
tain enough cross-sectional variation in fuel and vehicle
prices among households to identify coefficients on these
variables.) Therefore, estimating the model using annual
time-series data at the national or state level, rather than
household-level data, could be done, albeit with some con-
cerns for aggregation bias. The structural system could
take the following form, where the subscript ¢ indicates
time periods:

Average = {1 (average household size,, fraction
vehicles/ of total households of each type or
housebold, composition,, fraction at different

stages in family “life cycle,,” aver-
age houschold income,, fraction of
households with different locations,
[such as central city, suburban, or
rural], vehicle prices,, fuel price,)

Average annual |= f, (average household size, average
VMT/vehicle, | houschold income,, fuel price,/
average MPG,, average vehicles/

household,)

Total annual | = average vehicles/household, -
VMT average annual VM T/vehicle, -
number of households

The reduced form of this system would be

Total annual = f; (average household size,, fraction
VMT, of total households of each type or
composition,, fraction at different
stages in family “life cycle,,” average
household income,, fraction of house-
holds with different locations,, vehi-
cle prices,, fuel price,, average MPG,)

States and the federal government could estimate this
equation if the quality of the data measuring the depen-
dent variable was improved. This assumes that the demo-
graphic, vehicle-price, and fuel-price data were adequate.
The “forecasting behavior” of the model could be im-
proved by using the lagged value of the dependent vari-
able on the right side with the appropriate econometric
corrections.

Fuel efficiency can be modeled analogously for the
other determinant of fuel consumption. One possible
structural form could be represented as

New MPG, = f; (income,, fuel price,, vehicle technology,)

Fleet MPG, = £, (new MPG,_;, new MPG,.,, ..., new
MPG,_7)

where

new MPG, = the average fuel efficiency
of new cars sold during
year £,
income, =some measure of per-capita or
household real income during
year £,
fuel price, = the average retail price of fuel
during year ¢,
vehicle technology, = some proxy for continuing
progress in engine design (such
as horsepower/cubic inch of
engine displace), and
T =some arbitrary but reasonable
upper limit on the lifetime of
vehicles. '

Since all of the variables in new MPG,.,, new MPG,.,,
and so on on the right-hand side are endogenous, the re-
duced form of this system would be

Fleet MPG, = f; (income,, fuel price, vehicle technology,)

Total fuel consumption is obtained by combining
average MPG and adding the accounting identity:

Total annual fuel consumption, = total annual VMT, -
fleet average MPG,
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These three equations would produce a structural sys-
tem for total fuel consumption. Since VMT and MPG
have some explanatory variables in common, the reduced
form of this system would not be more complicated that
that for either of those two variables. Therefore, the re-
duced form could be represented as

Total annual | = f; (average household size,, fraction
fuel of total households of each type
consumption orcomposition,, fraction at different
stages in family “life cycle,,” aver-

age household income,, fraction
of households with different loca-
tions,, vehicle price,, fuel price,,
vehicle technology,)

In using this model, the states could forecast fuel tax
revenues from the total annual fuel consumption. It
would not even require improving the data on VMT and
MPG, because it bypasses that stage, albeit at the cost of
Josing the ability to understand the behavioral response
to changes in the explanatory variables.

Although the purpose of this paper is not to develop
an alternative model for forecasting, proposing the al-
ternative approach does suggest several research prob-
lems, which is what the paper ultimately is supposed to
do. Three areas of potential research are

e Better measures of the relevant variables, including
exploration of the use of household survey data (such as
the Nationwide Personal Transportation Survey, or NPTS)
or panel surveys to estimate household-level models;

o More insightful modeling of the “structural forms”
that determine household automobile ownership and
use, as well as the fuel efficiency of vehicles purchased by
households; and

e Improved econometric techniques for estimating
the reduced-form equations for total VMT (or VMT/
household), fleet fuel efficiency, and total fuel consump-
tion, using both annual time-series data at the national or
state level and household cross-section or panel data.

EvOLVING REVENUE SOURCES, MODELS, AND
INFORMATION REQUIREMENTS

The traditional approach to highway finance and basing
expenditures on the revenues raised within the system has
led to the development of the present information base
used in investment decisions and operations management.
The use of conventional taxes and fees such as vehicle reg-
istration fees and fuel taxes provides the basis for design-
ing forecasting models such as those described earlier.
However, information needs may be changing as alterna-
tive financing instruments are developed and a more busi-
nesslike approach is taken in infrastructure management.

One important driver of the move to new fiscal instru-
ments has been the unwillingness of states to increase fuel
taxes. This reluctance is based partly on the growing rev-
enues from the economy that has experienced high and
sustained rates of growth. At the same time, there has
been a shift to greater fiscal prudence and the unpop-
ularity of any tax increases. There are other factors at work
as well. The lack of investment in maintaining infrastruc-
ture over the past few decades has led to a call for rein-
yestment on a broad scale. (This is in addition to the
argument that investments in public infrastructure will
increase productivity.) This will require significant rev-
enue. There is also a changing view of highway manage-
ment, a shift from what used to be “needs” based to one
in which benefits and costs are a critical part of the deci-
sion process. What is now required is information ori-
ented to economic management rather than engineering
operation and maintenance,

Financing new roads and facilities such as bridges and
tollways has placed greater reliance on facility-based
charges. “HOT lanes” and other examples of charging
fees for the use of facilities have served to increase the
awareness of this source of revenue. With increasing con-
gestion in a number of the nation’s cities and with the po-
tential for using transportation demand management
strategies for both congestion and pollution control, fuel
taxes may be displaced or augmented by carbon-based
taxes (6). In either case, the challenge of forecasting rev-
enues is daunting because now the issue is setting the right
price that will assure a desired outcome (level of traffic)
rather than simply predicting revenues. In other words,
price now becomes a signal for use and investment rather
than a means of financing identified “needs.” Further-
more, the problems of transportation finance change sig-
nificantly as revenues either go to specific projects or are
placed in the general revenue fund. In the latter case,
transportation must compete with other demands (educa-
tion, defense, health care) for this public capital.

In addition to tolls, states are pursuing a number of
other innovative financing strategies. These have related
to taking advantage of new provisions in federal highway
funding programs. A number of states have undertaken
to raise new funds in areas such as revolving trust funds,
tax-supported toll roads, lease purchase agreements, fuel
taxes indexed to the consumer price index, and public-
private partnerships. If states maintain their current prac-
tice of setting expenditures equal to revenues and prior-
itizing projects until the money runs out, the new sources
of revenues will place quite different demands on the
forecasting models and therefore the information base.
If states take a more economically efficient approach to
transportation planning whereby they evaluate projects
on their economic merit and set taxes and fees to fund
what are economically desirable projects, new models
and different information will be needed.
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The current system appears to be well entrenched, yet
a number of forces are pushing in the direction of differ-
ent financing approaches, different management philos-
ophies, and consequently, different information needs.
If we believe these changes are more than a short-term
aberration, we need to ask what models will be needed
and what will be the type of information required in
these models for forecasting revenues.

SUMMARY AND PROPOSED
RESEARCH STATEMENTS

The paper takes an evolutionary approach to the exami-
nation of information requirements for forecasting rev-
enues for state highway departments. Two primary at-
tributes are data accuracy and data availability. Looking
at the current set of models, we can ask, are the data used
accurate and how might they be improved? How would
this be accomplished? Next we ask the question, setting
aside the issue of data accuracy, are the models that are
presently in use correct and if not, how should they be
modified? How will these changes alter the data require-
ments and who will assume responsibility for this? Fi-
nally, we ask, with the new and innovative financing
methods available under TEA-21 and given the reluctance
on the part of states to increase taxes and fees, what in-
formation is needed to forecast revenues when there is a
portfolio of financing instruments? These questions can
be formalized into the following research statements.

Improving Estimates of State-Level VMT

Description of Research Problem

Available estimates of state-level VMT are inadequate
and require significant improvement in their reliability.
A number of states measure VMT only in a limited num-
ber of locations and for a limited number of years, with
estimates for the intervening years interpolated from
values for the years in which VMT is measured. Simi-
larly, local estimates of VMT are expanded to the entire
state based on data collected on a relatively limited—
and certainly older—part of the system. States need to
invest more in collecting information on three attributes
of VMT: the number of miles, the location of the miles,
and the average trip length.

Work To Be Performed

VMT estimates can be obtained from three sources: sur-
veillance, household surveys, and odometer readings. The
research would involve activities in all three areas. There is
an increasing number of modern surveillance techniques

and surveillance locations; freeways are equipped with
cameras, for example. This research would explore alter-
native technologies for collecting data. They would be
evaluated in terms of cost and accuracy, and once a tech-
nology is selected, a time series of data of VMT including
trip length and vehicle counts would be collected. The sec-
ond source of improving VMT is household surveys. Total
VMT can be obtained from the current Nationwide Per-
sonal Transportation Study (NPTS) by combining infor-
mation from different files. It also is possible for urban
areas (and perhaps states) to use the NPTS to obtain more
detailed information at the subnational level by increasing
the sample size in a given area. These survey data would
yield information on household behavior. The third source
for VMT information is odometer data. Odometer data
can be collected in those states that inspect vehicles on an
annual basis. From this source, it is possible to construct a
data set that has VMT by number, age, and type of vehi-
cle. The unit of observation would be the vehicle.

This research project would provide improved VMT
data from three sources. It would identify the approach
that is cost-effective yet maintains data quality. It would
provide a basis of comparison across methods. Finally, it
would have different behavioral units from the three
sources and this would flow naturally into the improved
modeling project discussed below.

Cost Estimate: $600,000

Developing a Generic Starting-Point Model
for Forecasting State Revenues

Description of Research Problem

The argument has been made that the models now in
use in many states are simplistic whereas in other states
they are relatively sophisticated. The variance in model-
ing design and forecasting reliability is reasonably high.
Perhaps it would be desirable to develop a generic fore-
casting model that could serve as the basis for all states
to develop forecasts. States would have the opportunity
to augment the basic model to meet their particular
needs and circumstances,

Work To Be Performed

The gap between what is used now in the forecast of state
revenues and what we have earlier argued is a desirable full
structural model is large. To close this gap in a meaningful
yet practical way, it may be prudent to proceed as follows:
set out the full structural model to ensure the causal rela-
tionships are well understood, and then step down to a
manageable reduced-form model. The manageability of the
reduced-form model would be dictated to a significant de-
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gree by the availability of data. The gap between the struc-
tural and reduced-form model would provide information
to states as to the types of data they should be collecting to
augment their revenue forecasting models.

The structural model might take the form of estimating
two relationships, the amount of travel (VMT) and the fuel
efficiency of the fleet, and use an accounting identity for to-
tal fuel consumption. This would provide the requisite in-
formation to forecast fuel tax and registration fee and other
fee revenues. The appropriate behavioral unit is probably
the individual household, in which case the system deter-
mines annual VMT/household rather than total annual
VMT. It also would require household-level data, which
are difficult and expensive to come by. Therefore, estimat-
ing the model using annual time-series data at the national
or state level, rather than household-level data, could be
done, albeit with some concerns for aggregation bias. The
model could be estimated on national data and then pro-
vided to each state, which could re-estimate the model if
so desired, or the parameter estimates for the national-
level model could be used to forecast revenues.

Cost Estimate: $400,000

Developing a Model of Commercial-Vehicle VMT

Description of Research Problem

The research into structural models of VMT for light
vehicles has not carried over into commercial-vehicle
VMT. We need a better understanding of how trucking,
both private and for hire, is used by different industries.
We find, for example, that VMT between Canada and the
United States has increased since the North American Free
Trade Agreement was signed. A major source of this VMT
are industries specializing according to their competitive
advantage and industries adopting strategies that place
specific product production in specific locations (e.g., the
automobile sector). As economic activity shifts between
countries and among states, we can expect more truck
VMT, but it also may involve significant redistribution of
activity. Trucking registration fees present another set of
challenges for forecasting since regulations governing reg-
istration can lead to gaming behavior by trucking firms.
As rules change, forecasting becomes more difficult.

Work To Be Performed

This project would develop a model of truck use at the
firm level to provide estimates of both the number of
vehicles as well as the use of vehicles in the private truck-
ing segment. A second model would examine two issues:
the decision to use for-hire rather than private trucking
and the amount of for-hire trucking to use. An integral

part of this modeling effort is to develop an understand-
ing of how different industries use more or less trucking
and how the distribution of economic activity affects the

level of VMT.

Cost Estimate: $700,000

Examining the Highway Finance Implications
of Alternative Revenue Instruments

Description of Research Problem

The traditional approach to highway finance has led to
the development of the present information base used in
investment decisions and operations management. The
use of conventional taxes and fees such as vehicle regis-
tration fees and fuel taxes provides the basis for designing
current forecasting models. However, information needs
may be changing as alternative financing instruments are
developed and a more businesslike approach is taken in
infrastructure management. States’ legislators also are en-
abling local governments to earmark funds for specific
purposes. Revenue streams also are being tied to specific
investment projects. There is a need to explore the impli-
cations of changes in methods of financing transportation
projects for the institutional relationships, forecasting ap-
proaches, and informational requirements. For example,
if a broad-based carbon or energy tax were adopted, rev-
enues would flow into a general revenue fund rather than
be earmarked for transportation purposes. Highways,
transit, and other modes of transportation would compete
with other government demands for funding.

Work To Be Performed

The project would examine the jurisdictional, financial,
and economic consequences and the information de-
mands of three changes to revenue sources: (¢) the move-
ment to allow local governments to use traditional rev-
enue sources to fund specific projects (e.g. bonds, sales
taxes); (b) the movement away from fuel taxes and to
economy-wide carbon or energy taxes; and (c) the move
to rely more heavily on road tolls and road pricing. The
purpose of this research is to explore the far-reaching im-
plications of changes in the structure of highway finance.

Cost Estimate: $350,000
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NOTES

1. The financial burden also was to be transferred away
from general revenue financing toward user financing to “the
maximum extent practicable.” Thus, states and municipalities
were to take a hard look at their existing fiscal arrangements
and increase the amount that they captured from user charges
or taxes on those facilities. Private-sector investment was to
be partnered. The level of government and legal impediments,
constraints, and distortions was to be removed, or reduced, to
facilitate the implementation of the new policy.

2. The prevailing view of highway finance was practical
as well as conceptual. The ownership and use of automobiles
could be taxed easily and cheaply. Furthermore, the benefits of
a well-developed road system were not simply local in nature,
so neither should the responsibility for financing it remain
strictly local.

3. By 1986, diesel fuel was taxed by all of the states. In some
states, contrary to economic efficiency, diesel fuel is taxed at
a higher rate than gasoline mainly because of the greater fuel
efficiency achieved by diesel-powered vehicles.

4. Two organizations, the International Fuel Tax Associa-
tion (IFTA) and International Registration Permits (IRP), are
involved in redistributing tax revenue among states. Trucks
pay fuel where it is burned, not where they bought it. They
must report to IFTA the mileage in each state and pay those
states on a pro-rata basis according to where they traveled. Fee
payments for registration are handled in a similar fashion.
Trucking firms report for each truck where it traveled and re-
distribute payments, through IRP, for using trucks in a differ-
ent area than the state in which they are registered.

5. This practice has a number of drawbacks. These include
exposure to financial market risk, a wide variance in individ-
ual states’ credit ratings, and exposure to political risk due to
the potential of legislators to support bond financing only for
projects that clearly benefit their own constituents.

6. This can be viewed as the curse of the “needs” approach
to transportation planning and highway expenditure. The cur-
rent practice is to have revenues determine the capital pro-
gram. Projects will be undertaken until revenues run out, and
this is what makes the reliability of revenue forecasting so
critical. The alternative is to develop a capital program based
on some objective function and set taxes and fee levels to gen-
erate sufficient revenues to undertake the economically effi-
clent projects.

7. Even this is not quite true, as illustrated in Table 1.

8. A similar identity would hold for revenue from registra-
tions—with the G, replaced by the number of vehicles of each
class that are registered, and similar problems of information
adequacy applying.

9. The question is, do states have decent data with some
precision on VMT at the statewide level? FHWA has had a
project over the past 10 years aimed at improving these data,
since it uses these state data to predict the revenue accruing to
the federal government.

10. Most existing models have assumed that the three com-
ponents of demand {automobile ownership, VMT, and fuel
efficiency) are determined simultaneously and have estimated
the equations for each in their reduced form.

11. In the Fleet MPG equation, f; probably would be some
sort of distributed-lag function. Thus, the parameter estimates
on new MPG,; new MPG,,, and so on would subsume several
variables for which there could be explicit structural form equa-
tions, including the gap between test and on-road MPG, deteri-
oration in vehicles’ MPG with age and accumulated mileage,
and so forth.
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