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Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution. Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and
engineers. Much of it derives from research or from the work of practitioners faced with
problems in their day-to-day work. To provide a systematic means for assembling and eval-
uating such useful information and to make it available to the entire highway community,
the American Association of State Highway and Transportation Officials—through the
mechanism of the National Cooperative Highway Research Program—authorized the
Transportation Research Board to undertake a continuing study. This study, NCHRP 
Project 20-5, “Synthesis of Information Related to Highway Problems,” searches out and
synthesizes useful knowledge from all available sources and prepares concise, documented
reports on specific topics. Reports from this endeavor constitute an NCHRP report series,
Synthesis of Highway Practice.

This synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems. 

FOREWORD
By Staff 

Transportation 
Research Board

This synthesis examines the history and evolution of Highway Cost Allocation Study
(HCAS) practice, and reports on the current state of the practice. This report is designed to
aid states by laying the foundation required to build on current thought and improve cur-
rent HCAS methods. This report addresses numerous issues, including what states have
completed cost allocation studies, the conceptual basis of HCAS methods, methods used to
allocate the costs associated with many highway program elements, methods for revenue
attribution, and emerging HCAS issues.

Information for the study was obtained through review of literature and a survey of state
transportation agencies that have performed HCASs. Eleven key states are highlighted: Ari-
zona, California, Idaho, Indiana, Kentucky, Maine, Minnesota, Nevada, Oregon, Texas, and
Vermont. The study also reports on survey responses on procedures for completing both
traditional HCASs and for conducting HCAS analysis in new and emerging areas.

Patrick Balducci, Battelle, Portland, Oregon, and Joseph Stowers, Sydec, Inc., Reston,
Virginia, collected and synthesized the information and wrote the report. The members of
the topic panel are acknowledged on the preceding page. This synthesis is an immediately
useful document that records the practices that were acceptable within the limitations of the
knowledge available at the time of its preparation. As progress in research and practice con-
tinues, new knowledge will be added to that now at hand.

PREFACE
By Gail Staba 

Senior Program Officer
Transportation 

Research Board
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In 1937, Oregon conducted the nation’s first highway cost allocation study (HCAS), a study
designed to determine the fair share that each class of road user should pay for the construc-
tion, maintenance, operation, improvement, and related costs of state highways, roads, and
streets. Since that first HCAS, at least 84 studies have been performed in 30 states. The
Oregon “cost-occasioned” approach—based on the principle that costs are occasioned by
highway-user classes and can be attributed to each class based on measures of relative travel,
space requirements, and loadings—has served as the foundation of nearly every state HCAS.
Some of the most significant advancements, however, have occurred as the result of three
federal HCASs completed in 1965, 1982, and 1997.

In recent years, states have adapted a wide variety of techniques to allocate the costs
associated with highway use and to attribute revenue to highway-user classes. Further,
new transportation technologies and revenue initiatives have added opportunities and un-
certainty regarding highway-user tax structures. Thus, the topic of this synthesis report is
both timely and important. This report is designed to aid states by laying the foundation
required to build on current thought and improve current HCAS methods. This report
addresses numerous issues, including which states have completed cost allocation stud-
ies, the conceptual basis of HCAS methods, methods used to allocate the costs associated
with many highway program elements, methods for revenue attribution, and emerging
HCAS issues.

To address these issues, the research team conducted an extensive literature review and
implemented a survey, which was distributed to all 50 state departments of transportation.
A good representation of state experience was reported, with 33 of the 50 states responding.
Nearly all states that are known to have completed an HCAS since the 1982 Federal HCAS
responded to the survey. The 33 reporting states also include a good representation of states
that have not completed HCASs since 1982.

The results of the literature search and survey indicate:

• The motivation behind the HCAS is the achievement of equity. Historically, equity has
been one of the most important principles driving tax policy, and has been considered
when raising revenues and allocating funds for maintenance, capital improvements,
operating programs, and services to the public. HCASs can aid in achieving equity-
related objectives.

• State HCASs aid states in many ways. They can be used to develop recommendations
for changes to the highway tax structure or changes in rates in existing tax and fee
schedules. They can be helpful in informing legislative proposals that may impact the
equity of the tax structure; equity among vehicle classes; equity for users of different
parts of the highway system; or equity among users at different times of the day, days
of the week, or for different periods of time over a forecast time period.

• Any state that does not perform HCASs is subjecting highway users to possible changes
in the direction of less equitable tax structures without having credible information to
aid decision makers in avoiding such decisions.

SUMMARY

STATE HIGHWAY COST ALLOCATION STUDIES
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• HCASs, by the very nature of the detailed analyses required, can provide highway plan-
ners, programmers, policy analysts, financial officers, and top-level decision makers
with critically important information to assist in ways to improve their programs. 

• HCASs can aid states in planning more feasible steps in the direction of improved equity
when giant steps toward an ideal tax structure are not feasible for either political or other
important policy reasons.

• From 1982 to 2007, 25 states are known to have conducted HCASs. In 19 of the 22 stud-
ies referenced within this report, estimated payments were less than the cost allocated
to heavy-truck classes.

• Over the last decade since the 1997 Federal HCAS was completed, no major changes in
HCAS practice have occurred. The most significant recent activities in HCAS research
have included
– Completion of the FHWA’s work on development and refinement of the National

Pavement Cost Model (NAPCOM);
– FHWA’s development of NAPCOM into a model that can be relatively easily applied

in state HCASs;
– FHWA’s development of generalized state HCAS software building on the results of

the 1997 Federal HCAS and 1999 Oregon HCAS;
– As part of the FHWA software development effort, the development of documenta-

tion for analyses needed for inputs to the software for state HCASs;
– Vermont’s successful use of the FHWA State HCAS Model and documentation with

minimal outside consultant effort;
– Oregon’s continued evaluation of numerous HCAS issues in the issue papers supporting

its HCAS and its continued exploration of performing a full cost-based allocation
study where instead of allocating expenditures, the costs that are imposed on the sys-
tem are directly allocated to highway user classes; and

– FHWA’s continuing refinement of data collection programs by the states as a coop-
erative effort, resulting in better comparability of data among the states.

• Historically, there has been a surge in the number of HCASs conducted at the state level
immediately following the completion of federal HCASs. Ten HCASs have been per-
formed since 2000 and two states (Arizona and Oregon) have conducted more than one
study during this time. There were a number of reasons cited in the survey for the
decline in the number of HCASs being conducted, including an increased emphasis on
revenue generation in states facing constrained budgets, an inability on the part of most
state tax structures to fully implement HCAS findings, a lack of leadership in address-
ing the equity issue in the transportation tax structure, and constrained research budgets
that are used on other higher priority research.

This synthesis examines the history and evolution of HCAS practice, and assesses the cur-
rent state of HCAS practice. It highlights HCAS work that has been performed in 11 key
states: Arizona, California, Idaho, Indiana, Kentucky, Maine, Minnesota, Nevada, Oregon,
Texas, and Vermont. It also provides a detailed and extensive set of procedures for complet-
ing both traditional HCASs and for conducting HCAS analysis in new and emerging areas.
Finally, it presents general conclusions and suggestions for further research.

2
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3

In 1937, Oregon conducted the nation’s first highway cost
allocation study (HCAS). Since that first HCAS, at least
84 studies have been performed in 30 states. An HCAS is a
study that is designed to determine the fair share that each
class of road user should pay for the construction, mainte-
nance, operation, improvement, and related costs of state
highways, roads, and streets. Through a comparison of user
fees paid and cost responsibilities estimated within the
HCAS, these studies assess equity, usually for a projected
period, and may provide recommended adjustments to ex-
isting user fees and tax rates to bring about a closer match
between payments and cost responsibilities for each vehicle
class.

Ultimately, an HCAS is an analysis of the equity of
highway-user tax systems. Thus, it seeks to answer such
questions as:

• Do highway users as a whole pay the full cost of
highways or are they subsidized by non-users? Do
they subsidize non-users and, if so, how much subsidy
occurs?

• How do broad classes of highway users compare with
each other in terms of paying their estimated shares of
highway costs? Are some classes of users overpaying or
underpaying and, if so, by how much?

• Are there specific changes in the tax structure or tax
rates that will improve equity among highway users?

In addition to assessing equity in the current tax structure,
HCASs can be useful in addressing a number of other tax
issues. For example, HCASs can be used to develop special
permit fee schedules for overweight vehicles or implement
marginal cost pricing through toll- or mileage-based fee
schedules for specific vehicle classes, differentiated by weight
and configuration.

Ideally, HCASs are conducted within the framework of
specific policies and procedures that are agreed on by both
the legislative and executive branches of government.
Broad-based agreement on the principles underlying the
HCAS is important because the results of the study are
intended to lead to the modification of tax and fee schedules
in a manner that most effectively achieves equity and/or
efficiency in the tax structure. Only rarely, however, have
states achieved this ideal framework. Movement toward this

goal has been achieved in some states through legislation
authorizing an HCAS or a statement of intent to reach this
ideal framework.

HCASs are often conducted: (1) because of the neces-
sity to routinely (e.g., every 2 to 5 years) monitor the need
for adjustments in tax rates, (2) because of the perceived
need for changes in tax and fee schedules, (3) because
of perceived problems in the inequity of the current tax
structure, or (4) because of basic changes in the highway
program that raise questions about who should be paying
for the program.

Historically, HCASs have generally been conducted on
an infrequent basis without any clearly defined prior com-
mitment to follow up with legislative or executive action.
Legislative recommendations often follow the completion
of an HCAS, with mixed results, ranging from adoption of
study recommendations to ignoring or openly rejecting them.
With that noted, HCAS results generally influence policy
makers as they consider making changes to existing trans-
portation tax structures, although in many cases actions are
taken after some period of debate and deferral. Further,
HCASs are also valuable because they can be used to inform
responses to legislative bodies regarding a wide variety of
tax-related issues.

PROJECT GOALS AND SCOPE

The overall goal of this project is to assist states in perform-
ing comprehensive HCASs. At least 30 state governments
have at some time conducted these studies to evaluate their
systems of state road user charges, fees, and taxes. Studies
vary in depth and scope. To date, results have been mixed.
This synthesis compares and contrasts what has been com-
pleted by various states and seeks to provide guidance for
future studies based on this experience.

To assist states in performing comprehensive HCASs,
this project provides practitioners with information to
improve their process of evaluating cost responsibilities,
attributing revenue, and implementing study results. Both
federal and state highway agencies utilize HCASs to evalu-
ate their revenue systems and to maintain a cost-based user
system.

CHAPTER ONE

INTRODUCTION
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States have adapted a wide variety of techniques and con-
ventions to estimate highway use and the payment of user
fees by vehicle classes. This study examines the HCAS state
of the practice by addressing numerous questions and issues,
including:

• States that have completed cost allocation studies;
• Software used in the cost allocation study;
• Vehicle classes and how they are differentiated;
• Functional class of the road systems considered in

HCASs;
• Conceptual basis of HCAS methods;
• Methods used (e.g., cost-occasioned, marginal costing,

and benefits analysis);
• Selecting appropriate cost allocators;
• Methodologies for revenue allocation [e.g., vehicle

miles of travel (VMT), number of vehicles, roads used,
and over-the-road weights];

• Treatment of diversions of highway-user revenues to
other uses (e.g., law enforcement and education);

• Implementing cost responsibility in the presence of
tolling and other facility-specific fees;

• Relationships between vehicle characteristics and road-
way usage and capacity demands;

• Relationships between vehicle characteristics and pave-
ment damage;

• Methodologies for allocation of load- and non-load-
related pavement and bridge costs; and

• Emerging issues (e.g., allocating costs associated with
congestion, air pollution, noise, human health, and prop-
erty damage).

STUDY APPROACH

To address the issues listed previously in this section, the re-
search team conducted an extensive literature review and
implemented a survey that was distributed to all 50 state de-
partments of transportation (DOTs). The research team used
available in-house resources and facilities to identify relevant
literature. The research team reviewed a broad spectrum of
technical material, ranging from industry trade journals to
university databases. The following sources of information
and literature were reviewed:

• Proceedings of TRB annual meetings;
• Transportation Research Records;
• Transportation Research Information Services (TRIS)

bibliographic database;
• National Transportation Library;
• U.S.DOT, FHWA;
• State DOTs;
• Web of Science and National Technical Information

Service (NTIS) website;
• Industry representatives.

4

A highway cost allocation study bibliography is presented at
the conclusion of this report.

The research team, working with TRB staff, also con-
ducted a survey of all 50 state DOTs. The survey question-
naire is presented in Appendix A. Before sending the
questionnaire to state DOTs, a test survey was completed by
representatives of the Arizona DOT and Vermont Agency of
Transportation (VTrans). Based on comments received from
these reviews, a revised questionnaire was sent to all mem-
bers of the AASHTO Standing Committee on Highways,
which is comprised primarily of directors of highway agen-
cies. Copies were also sent to all of the other members of the
Standing Committee on Highways, and all members of
AASHTO’s Committee of Planning Directors for their infor-
mation and advance notice that the state HCAS questionnaire
might be forwarded to them by their state DOT or highway
director.

Appendix B contains a detailed report on the results of the
survey. A good representation of state experience has been
reported, with 33 of the 50 states responding. States that
responded included nearly all that are known to have com-
pleted HCASs since 1982, the year of the federal study that
made the most ambitious improvements in research and
study methodology. The 33 reporting states also include a
good representation of states that have not completed HCASs
since 1982, thus providing a good indication of why many
states do not perform these studies.

This report is comprised of six chapters, including this in-
troduction. Chapter two documents the history and evolution
of state HCASs in the United States from 1982 to the present.
In chapter three, there is an examination of the state of the
practice regarding numerous key methodological issues dealt
with in state HCASs. Why state HCASs are performed and
what impact they have is discussed in chapter four. Chapter
five includes an extensive set of guidelines for analyzing
state data in a comprehensive HCAS and for responding to a
wide variety of other opportunities and challenges relating to
the equity of tax structures, emerging issues, problems in
implementing HCAS findings, dealing with the roles of dif-
ferent levels of government, and others. In chapter six, there
are study conclusions and recommendations including an
evaluation of options to improve the prospects for the future
of state HCASs in response to recent challenges. 

The report also includes references, an HCAS bibliogra-
phy, a list of acronyms, and a glossary. In addition, the report
contains three appendices. Appendix A is the state HCAS
survey questionnaire that was distributed to state DOTs.
Appendix B summarizes the results of the survey. Appendix
C contains a letter from the Vermont Agency of Transporta-
tion detailing problems with the FHWA State HCAS Model.

State Highway Cost Allocation Studies
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In 1937, Oregon conducted the nation’s first HCAS. Oregon,
more than any other state, was an early pioneer in terms of
both the development and implementation of state HCASs,
conducting five studies before the groundbreaking Federal
HCAS completed in 1982 and implementing a three-tier sys-
tem of highway taxation (registration fees, fuel taxes, and
weight-mile taxes on heavy trucks) with the flexibility to
fully implement the findings of the HCAS. Ten other states
performed HCASs before the 1982 federal study—Arkansas,
Colorado, Florida, Georgia, Kansas, Maine, Mississippi,
New Mexico, Washington, and Wyoming. Federal HCASs
were conducted in 1965, 1982, and 1997.

HIGHWAY COST ALLOCATION STUDY METHODS

Before the 1982 Federal HCAS, the methodology used in
most state HCASs was some form of what is called the “In-
cremental Method,” which was the set of methods developed
in Oregon and refined in the major benchmark Federal
HCAS conducted between 1957 and 1965 and published in
1965. The Incremental Method assigns responsibility for
highway costs by first determining the costs of constructing
and maintaining facilities for the lightest vehicle class and
then building the facility up to account for the costs attributed
to each increment of larger and heavier vehicles. All vehicles
are allocated the costs of the base highway system in propor-
tion to their usage of the highway system, as if they all had
the same size and weight. The additional costs of accommo-
dating heavier and larger vehicles are defined as their occa-
sioned incremental costs, which could be avoided if those
additional classes were excluded from the highway system.

Following the 1982 Federal HCAS, states across the
nation adopted the “Federal Method.” The Federal Recom-
mended Method, or simply the Federal Method, was devel-
oped during the 1979 to 1982 Federal HCAS by adapting the
older Incremental Method procedures for some expenditure
elements and by developing new procedures for other ele-
ments. The Federal Method is a mixed approach. It applies a
consumption approach to pavement rehabilitation and some
related work, while applying the traditional Incremental
Approach or other methods for expenditure elements that
could not be viewed as consumed by highway use.

One reason for the shift from the Incremental to the
Federal Method was that the former approach gave larger and

heavier vehicles the undeserved benefit of economies of
scale inherent in the provision of pavement strength. That is,
each additional inch of pavement depth up to a certain point
can support an increasing number of equivalent single-axle
loads (ESALs) during the design life of the pavement. What
made the shift possible was the revolution in computer
technology combined with major achievements in relevant
highway research.

The Federal Method, or variations on the Federal Method,
gradually became accepted practice during the 1980s. The
1996 to 1997 Federal HCAS used this basic approach with
several important refinements, the most significant of which
was the development and application of the National
Pavement Cost Model or NAPCOM. The FHWA continued
to develop and refine NAPCOM over a 10-year period dur-
ing the 1990s. Refinements made as part of the 1997 Federal
HCAS made the model practical for use by states.

NAPCOM applies a set of pavement deterioration analy-
ses to a large sample of pavement sections to determine what
types of deterioration will occur and which vehicles are
responsible for each type of deterioration. Heavy axles cause
more damage per passage than light axles. For some types of
pavement deterioration, doubling the axle load causes 15 to
20 times as much damage; for other types of deterioration,
doubling the load only doubles the damage. NAPCOM was
developed because traditional approaches using simplistic
ESALs did not mesh well with empirical data on pavement
wear (Federal Highway Cost Allocation Study Final Report
1997). The 1999 Oregon HCAS was the first state study to
use NAPCOM to allocate pavement costs (Stowers et al.
1999).

Several state HCASs developed and applied both the In-
cremental Method and the Federal Method, including the
first California study (1985 to 1987), the 1989 to 1990
Vermont study, and the 1989 to 1991 Minnesota study.
These have been the two most commonly used methods in
the United States. Almost all of the more recent state HCASs
have used the Federal Method and variations or refinements
of that approach [Arizona (1991 to 1995), Nevada (1992),
California (1995 to 1997), Idaho (1994 and 2000), and
several others].

Oregon has explored performing a full cost-based alloca-
tion study that moves away from allocation of highway

CHAPTER TWO
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expenditures and includes external or social costs. The most
recent Oregon HCAS presented two examples to illustrate
the difference between cost- and expenditure-based ap-
proaches. When considering studded tire damage, the costs
far exceed the expenditures, as evidenced by the extensive
presence of rutted roads in that state. To the extent that road
expenditures fall short of what is required to fix the problem,
the full costs are not allocated to the highway users. Also,
Oregon has embarked on a major bridge rehabilitation pro-
gram with related expenditures having a significant effect on
the results of the HCAS. The expenditures associated with
this major restoration effort will bear little resemblance to the
costs imposed on the system during the period when the
reconstruction is occurring. Thus, nearly all HCASs do not
allocate full costs; rather, they allocate responsibility for the
expenditures tied to the highway program.

States have also considered applying the benefits-based
approach. In this approach, the benefits tied to the use of
roadway systems would be measured and allocated to high-
way users. This method results in an extension of HCASs to
non-users. Extending the study to non-users is theoretically
valid to the extent that non-users, or society, benefit directly
from the roadway network; however, this approach is com-
plicated because the great bulk of non-user benefits are
actually second- or third-round benefits passed on through
benefits to highway users. It is very difficult to distinguish
such pass-through non-user benefits from other non-user
benefits. Basing the HCAS on benefits received would en-
hance efficiency, as those who benefit from the road system
would be required to pay in proportion to the benefits re-
ceived. This approach, however, has not been used at the
state level for a number of reasons. First, the benefits cannot
be measured directly. Second, the data required to under-
stand the full benefits of the system and allocate those costs
between competing interests would be much larger than
current HCAS data requirements. Third, benefits accrue to
individuals as both a user and a non-user of a system. Further,
some benefits are already allocated in the marketplace. For
example, the benefits tied to the transport of goods by heavy
trucks are recovered through shipping costs, which are paid
by the ultimate consumers of products. Thus, it would be dif-
ficult to accurately capture the full range of benefits that need
to be considered in the benefits-based approach.

STATE HIGHWAY COST ALLOCATION STUDIES

Table 1 presents the results and basic methods used in 85 state
HCASs performed in the United States. Much of the data pre-
sented in the table were obtained from the 2005 Oregon High-
way Cost Allocation Study conducted by ECONorthwest
(2005). The data were updated based on the knowledge of the
research team and survey responses. Based on these sources,
the research team found 85 HCASs performed in 30 states.
Undoubtedly, there are a small number of HCASs that have
not been captured in Table 1. Indeed, the survey process
demonstrated that there exists a general lack of institutional
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knowledge with respect to state HCASs in several states.
This was discovered when on several occasions the respon-
dent mistakenly indicated that no study had been done when
the research team was aware of a previous study conducted
in the respondent’s state. The research team was able to as-
sist the respondent in correcting the survey in some instances
whereas in others, the research team was aware of but did not
possess the study in question. Thus, the responses summa-
rized in Appendix B may in some cases not capture the full
extent of the state HCAS experience owing to the absence of
institutional knowledge.

Table 1 identifies each state that has performed an HCAS
(column 1) and the years in which the studies were com-
pleted (column 2). The column 3 results demonstrate that the
Incremental and Federal Methods have historically been the
principal methods used to conduct state HCASs. Each of
these methods is commonly referred to under the umbrella of
the cost-occasioned approach. The cost-occasioned approach
determines cost responsibility based on the costs occasioned
by various highway-user classes. This approach attempts to
allocate cost responsibility based on the costs imposed by
each class of highway users rather than simply allocating the
costs based on relative use.

The percent of heavy-truck cost responsibility is pre-
sented in column 4. The historic results of state HCASs have
varied widely with heavy-truck responsibility, from a low of
18.9% in the 1987 California HCAS to a high of 64.5% in the
1979 Florida HCAS. The heavy-truck share varies widely
based primarily on the scope and type of expenditures in-
cluded, but is also influenced by the proportion and type of
heavy-truck traffic, the definition of the heavy-truck class
[generally classified as vehicles weighing in excess of some
weight threshold between 10,000-lb and 26,000-lb GVW
(gross vehicle weight)], the methods used in the study, and the
types of expenditures examined. The majority of the state
HCASs conducted to date have allocated between 30% and
50% of the costs to the heavy-truck class.

The fifth column in Table 1 identifies the key allocators
used in the state HCASs conducted to date. The allocator, or
measure used to allocate costs to highway-user classes, is
generally tied to either travel (e.g., VMT), the space vehicles
take up on roads [e.g., passenger car equivalents (PCEs)], ve-
hicle loads (e.g., ESALs), or a combination of these measures
(e.g., ESAL-miles, ton-miles, axle-miles, and PCE-VMT).

Historically, state HCASs have focused on expenditures
from state revenue systems and state tax systems; however,
once the Interstate network was complete and federal and
state funds became more interchangeable, recent studies
have in most cases examined at least state and federal funds
(Virginia and Wisconsin), whereas others have examined
federal, state, and local funds in combination and in some
cases separately as well (Arizona, California, Idaho, Indiana,
Nevada, and Oregon).

State Highway Cost Allocation Studies
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State HCAS Years Completed Method
% Heavy Vehicle Cost

Responsibility 
Key Allocators Types of Revenues Examined

Arizona
1993, 1999, 2000,

2001, 2002, 2005
Federal 31.4% (1999)

VMT, Axle-Load,

Gross Weight
State, Federal, and Local Funds Combined

Arkansas 1978 Incremental/Cost Function

California 1987, 1997 Federal and Incremental 18.9% ESAL-Miles
State, Federal, and Local Funds Analyzed

Separately 

Colorado 1981, 1988 Federal 37%
VMT, Truck-VMT, ESALs,

Ton-Miles

Delaware 1992, 1993 Federal and Incremental 20.33%
VMT, PCE-Miles, ESALs,

Axle-Miles, Registrations
State and Federal Funds Combined Only

 

Florida
 

1979 Incremental 64.5%
VMT, ESALs, Axle-Miles, 

Registrations
State and Federal

Georgia 1979, 1982 Incremental 51.2% (1979) VMT, GVW, ESALs, AMT State and Federal

Idaho 1987, 1994, 2002 Prospective Cost-Occasioned 37.29% VMT State, Federal, and Local Funds Combined

Indiana
1984, 1988, 1989,

2000

Incremental/

Consumption
53.2% ESAL State, Federal, and Local

Iowa 1983, 1984 Federal 48.94%
ESAL, Ton-Miles, AMT,

PCE, VMT

Kansas 1978, 1985 Hybrid 41.85%

Number of Vehicles, VMT,

AMT, Ton-Miles, PCE-VMT,

ESAL-Miles

State Funds

Kentucky
1992, 1994, 1996,

1998, 2000
Federal 54.92%

VMT, ESAL-VMT,

PCE-VMT, Axle-Miles
State and Federal Funds Combined

Maine
1956, 1961, 1982,

1989
Hybrid/Expenditure Allocation 35.6%

VMT, ESALs, PCE, Delphi,

TMT, Standard Vehicle

Equivalent

State and Federal funds

Maryland 1989  State and Local Funds

Minnesota 1990 Federal and Incremental 19.2% VMT, Truck-VMT  

TABLE 1
STATE HIGHWAY COST ALLOCATION STUDY METHODS AND RESULTS

(Continued on next page)
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State HCAS Years Completed Method 
% Heavy Vehicle Cost 

Responsibility   
Key Allocators Types of Revenues Examined 

Mississippi 1980 Incremental 36%  VMT, Truck-VMT   

Missouri 1984, 1987, 1990 Federal 
  Vehicle Size, Vehicle Weight, 

VMT 

Montana 1992, 1999 Federal 33%  VMT, ESAL-MT, AMT   

Nevada 
1984, 1985, 1988, 1990, 

1992, 1994, 1999 
Modified Incremental 39.3%  

ESALs, VMT, Axle-Miles,   

Ton-Miles 

State, Federal, and Local Separately and  

Combined 

New Mexico 1972      

North Carolina 1983 Federal 
  PCE, ESALs, VMT, 

Weight Axle-Miles 
State and Federal Funds  

Ohio 1982 Federal/Incremental   VMT 

Oregon 

1937, 1947, 1963, 1974, 

1980, 1984, 1986, 1990, 

1992, 1994, 1999, 2001, 

2003, 2005, 2007 

Cost-Occasioned with   

NAPCOM for Pavement Costs 

(Since 1999) 

34.1% 

Congested PCE, VMT, 

Uphill PCE, Truck-VMT, 

Basic Vehicle VMT 

State, Federal, and Local Combined for Cost  

Allocation Purposes but State Only for  

Revenue Attribution Purposes 

Pennsylvania 1989, 1990 Federal/Cost-Occasioned      

Texas 1984, 1985, 1994, 2002        

Vermont 1990, 1993, 2006 Federal 25.7%  VMT, ADT, ESAL State and Federal Funds 

Virginia 1991, 1992 Federal 21.7%  ESALs, VMT, ADT State and Federal Funds Combined

Washington 1977 Incremental      

Wisconsin 1982, 1992 Federal (1982) 31.7%  ESAL, VMT, PCE, Ton-Miles State and Federal Funds Combined 

Wyoming 1981, 1999 FHWA State HCAS Model 55.8%  
VMT, Vehicle Size, 

Horsepower, Weight 

Adapted from ECONorthwest et al. (2005).  

TABLE 1
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EQUITY FINDINGS IN STATE HIGHWAY COST
ALLOCATION STUDIES

From 1982 to 2007, 26 states are known to have conducted
HCASs. Table 2 presents the results of 22 of these studies with
respect to the equity ratios for the heavy-truck class. The
heavy-truck class is defined differently among states, but gen-
erally includes all vehicles weighing in excess of a certain
weight threshold (e.g., 10,000 lb) and includes trucks, buses,
and single-unit and combination trucks. The equity ratio is
measured as the total tax payments attributable to a user class
divided by its cost responsibility. To the extent that payments
fall short of cost responsibility as measured through the HCAS,
the equity ratio would be below 1.0. In 19 of the 22 studies
referenced in Table 2, payments from the heavy-truck class
fell short of cost responsibility. In three states (Delaware,
Montana, and Oregon), heavy-truck payments were equal to
or greater than their cost responsibilities (Stowers et al. 1999).
A large part of the explanation of the results is tied to the dif-
ferences in the state tax structures. Note for example that one
of the three states (Oregon) in the over 1.0 equity ratio cate-
gory had weight-distance taxes at the time of the study, and
another (Delaware) collected a high proportion of its heavy-
truck revenue fees from out-of-state based trailers.

Most state HCASs focus on equity between basic and
heavy vehicles calculating equity ratios for each highway-user

class. Resolution at this level, however, often fails to capture
the full picture as it relates to equity within the state trans-
portation tax structure. For example, the 1999 Arizona HCAS
when applying the base HCAS model generated equity ratios
ranging from 0.90% to 0.93% for buses, single-unit trucks,
and combination trucks when examining the tax structure
from a prospective view (1999 to 2003), but found that when
historic data (1988 to 1998) were added to the calculation
the equity ratios for buses fell to 0.67, single-unit trucks fell
to 0.78, and the combination truck equity ratio was calculated
at 0.89 (Carey 1999). 

The 2000 Kentucky HCASs presents equity ratios for six
highway-user classes (cars, buses, pickups and vans, light
trucks, medium trucks, and heavy trucks) with equity ratios
within the truck classes ranging from 0.90 for heavy trucks
(registered vehicle weights in excess of 60,000 lb) to 1.52 for
light trucks (Osborne et al. 2000). Oregon HCASs examine
equity in a detailed manner with both cost responsibility and
revenue attribution assigned in 2,000-lb increments above
8,000-lb registered gross weight. The most recent Oregon
HCAS found that although the heavy-truck class as a whole
met its cost responsibility, the equity ratio for the light truck
class with declared weights between 10,001 and 26,000 lb
was 1.26, whereas payments from operators of heavy trucks
with declared weights of between 80,001 and 105,500 lb fell
short of cost responsibility by 16.4% (ECONorthwest 2007).

Equity Ratio for Heavy

Vehicles State and Year of Study

<0.60 Maryland (1982), Colorado (1988), Georgia (1991), Texas (1994), Nevada (1999),

Vermont (2006) 

0.60–0.80 Connecticut (1982), Missouri (1984), Indiana (1988), Minnesota (1990) 

0.80–1.00 Wisconsin (1982), North Carolina (1983), Kansas (1985), California (1987), Maine

(1989), Pennsylvania (1990), Arizona (1999), Kentucky (2000), Idaho (2002) 

>1.00 Delaware (1992), Montana (1992), Oregon (2007) 

Adapted from Stowers et al. (1999). 

TABLE 2
SUMMARY OF RESULTS OF STATE HIGHWAY COST ALLOCATION STUDIES (1982–2007):
EQUITY OF TAX STRUCTURE FOR HEAVY VEHICLES
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In reflecting on the history of HCASs conducted over the past
70 years, one point comes across most clearly: the motivation
behind the HCAS is the achievement of equity. Historically,
equity has been one of the most important principles driving
tax policy, and has been considered when raising revenues
and allocating funds for maintenance, capital improvements,
operating programs, and services to the public. HCASs can
aid in achieving equity-related objectives.

As noted in chapter one, an HCAS survey was distributed
to all 50 state DOTs. A general conclusion from the survey
responses is that state HCASs have reached a fairly stable
condition. That is, there have been no major breakthroughs in
research or methodology in recent years. Most states doing
these studies are using some variation of the methods devel-
oped in the 1982 Federal HCAS, and most have been making
gradual evolutionary improvements while achieving better
efficiency in performing these studies.

RECENT DEVELOPMENTS IN HIGHWAY COST
ALLOCATION STUDY METHODS AND SOFTWARE

Since the 1997 Federal HCAS, several states have made en-
hancements to their own studies based in part on the research
and methodological improvements in that study. Although
the FHWA commissioned the development of HCAS soft-
ware and guidelines for states based on that 1997 HCAS,
little has been done to market these products or to encourage
states to continue to perform HCASs, and no technical assis-
tance has been offered except for volunteer efforts by mem-
bers of the team that developed FHWA’s 2002 State HCAS
Model. Some states have developed and applied simplified
versions of complete studies, and some have conducted
simple updates of previously completed studies.

Over the last decade since the completion of the 1997
Federal HCAS, few major changes in HCAS practice have
occurred. The most significant recent activities have
included:

• Completion of FHWA’s work on development and re-
finement of NAPCOM.

• FHWA’s development of NAPCOM into a model that
can be relatively easily applied in state HCASs.

• FHWA’s development of generalized state HCAS soft-
ware building on the results of the 1999 Oregon HCAS
and FHWA’s work cited earlier.
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• As part of FHWA’s software development effort, analy-
ses needed for inputs to the software for state HCASs
(see chapter five).

• Vermont’s successful use of the above software and
guidelines with very minimal outside consultant effort
(>$10,000).

• Oregon’s continued analysis of numerous HCAS sub-
jects in the issue papers prepared in its HCASs and its
continued exploration of performing a full cost-based
allocation study where the external or social costs that
are imposed by the system are directly allocated to
highway-user classes as opposed to the allocation of
just highway expenditures.

• FHWA’s continuing refinement of data collection pro-
grams by the states as a cooperative effort, resulting in
far greater comparability of data among the states.

A consultant team working for the FHWA prepared an
HCAS software package following completion of the 1997
Federal HCAS and the development of the first operational
version of the package for the 1999 Oregon HCAS. The soft-
ware consists of an Excel spreadsheet package intended for
performing any state’s HCASs. The package contains four
spreadsheets—two main spreadsheets containing Visual Basic
programs, a special visual analysis spreadsheet and a default
data spreadsheet.

One of the main spreadsheets contains most of the data
and the two programs necessary to perform the allocation of
costs. The other main spreadsheet contains the programs that
summarize the results of the cost and revenue allocations
and produces various summary output tables using user-
defined formats. After all required data are entered, each of
the programs can be run by clicking on the buttons on the
sheets at the locations shown in the tables of contents of each
spreadsheet.

The third spreadsheet in the package contains a model de-
rived from results of running the two main sets of programs.
The model is designed to provide equity assessments of any
special vehicle, such as a different truck configuration than
currently allowed or a truck applying for an overweight per-
mit. The fourth spreadsheet provides default data obtained
from national sources or estimated from sources for each
state. These default data can be used, with due care, to pro-
vide roughly half of the data required for application of the
software.

CHAPTER THREE

STATE OF THE PRACTICE
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The software package is supported by detailed documen-
tation and a set of guidelines for preparation of all required
inputs to the software (see chapter five). As a result of the
recent Vermont HCAS, a few minor problems with this
HCAS model have been identified and should be corrected.
There is also a growing need to update the default database.
Appendix C contains a letter from Bart Selle of VTrans that
documents the technical problems with the FHWA State
HCAS Model.

The Simplified Model for Highway Cost Allocation
Studies in Arizona (Arizona SMHCAS) was designed to
enable the Arizona DOT to update the state’s HCAS report
simply and in a cost effective manner. As noted in its com-
pleted survey, Arizona DOT representatives believe that if a
state cannot find the budget to complete a comprehensive
HCAS on a frequent basis (at least once every five years) it
is better to use a simplified methodology rather than not
doing a comprehensive study, because older HCASs are
often “criticized or dismissed as obsolete given new traffic
and new construction programs” (J. Semmens, personal com-
munication, Jan. 2007).

The Arizona SMHCAS breaks highway expenditures into
three categories: capacity-driven expenditures, strength-
driven expenditures, and common costs. Both capacity-related
and common costs under the Arizona SMHCAS are allocated
to vehicle and weight classes based on relative shares of
VMT. Capacity-related expenditures, however, are allocated
based on urban VMT only, whereas common costs are allo-
cated based on total VMT shares. One key element of the
Arizona SMHCAS is that it treats urban and rural programs
differently, with urban expenditures being allocated based on
the view that these expenditures are driven by congestion
and, thus, should be allocated based on relative shares of
VMT. Expenditures on rural roadways are assumed to be
driven by the need to provide pavements that are wide, thick,
and strong enough to accommodate heavy-truck traffic.
Based on this premise, rural costs are allocated based on
vehicle axle loads driven per mile.

In 2001, contractors hired by the Oregon Department of
Administrative Services converted the state’s HCAS model,
which was based on the State HCAS Model developed by
FHWA, from an Excel-based spreadsheet model to a data-
base model programmed in Access. The Access model was
built with a dynamic structure that incorporated feedback
loops enabling it to capture the impact that alternative tax
rates would have on travel, vehicle ownership, and tax eva-
sion (Jack Faucett Associates with ECONorthwest 2001).
Although the model was constructed with this capability,
evasion rate data along with price elasticity of demand data
for vehicle purchases and highway travel were not developed
or input into the model.

A model as complex as the one deployed in Oregon is not
necessary to conduct an HCAS, because the feedback can be

applied separately in any case where a study may seriously
consider a major change in tax rates that would significantly
affect highway use. States considering conducting an HCAS
have a range of options, including using existing software
such as the State HCAS Model prepared by the FHWA or
developing a more simplified model similar to the Arizona
SMHCAS.

VEHICLE CLASSES AND HOW THEY ARE
DIFFERENTIATED

One key issue that is addressed in all HCASs is the determi-
nation of vehicle classes for the study. Highway cost alloca-
tion is strongly influenced by the weight and configuration of
a vehicle. Damage caused to road systems is strongly influ-
enced by vehicle weights and axle loadings. Ideally, HCASs
would be designed to examine an extensive set of vehicle
configurations and weight classes. In practice, vehicle cate-
gories, axle configurations, and weight classes are limited by
data constraints (when selecting vehicle classes for analysis,
the examiner must at a minimum acquire data that can effec-
tively be used to attribute revenue, to estimate VMT, and to
identify gross weights and axle loadings to each vehicle
class), research budget limitations, and the inability of many
transportation tax structures to effectively implement HCAS
findings at a detailed level.

It is important to note that unless those performing an
HCAS are considering recommendations for making changes
in the tax structure, the selection of vehicle classes to be used
in the study is often primarily driven by the state’s existing tax
structure. For example, the Oregon HCAS uses 2,000-lb gross
weight classes primarily because the state’s weight-mile tax
rates are graduated in 2,000-lb increments. The availability of
data and the state’s tax structure are the two principal criteria
used in determining vehicle classes. It is also important to
note, however, that HCASs that include more detail in terms
of vehicle class differentiation can aid in policy analysis and
consideration of future changes to the existing tax structure
even if modifications are not currently recommended.

After reviewing what various recent HCASs have done in
defining vehicle classes, we will conclude this subsection
with some additional elaboration of the issues relevant to
establishing vehicle classes.

The 1997 Federal HCAS examined a broad spectrum of
vehicle types and weight classes. Table 3 identifies the 20 ve-
hicle types included in the 1997 Federal HCAS. In addition,
these vehicle types were further examined according to weight
categories in 5,000-lb increments. With the vehicle types
and weight classes identified, the Federal HCAS could have
examined vehicles in 600 categories or classes; however,
there were many categories with no vehicles registered
within them. For example, there are no 100,000-lb automo-
biles or 20,000-lb combination trucks registered in the
United States. Ultimately, the Federal HCAS examined
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vehicles in 212 vehicle classes. The Federal HCAS could
explore vehicle cost responsibility at such depth because the
U.S.DOT was completing a comprehensive trucks size and
weight study.

States have historically examined far fewer vehicle
classes than what was considered in the 1997 Federal HCAS.
Most but not all state HCASs differentiate vehicle classes
based on both weight and configuration. For example, the
2006 Vermont HCAS examined 20 broad vehicle classes
without consideration of weight: passenger cars, pickups and
vans, 3 single-unit truck configurations, 14 combination-
truck configurations, and buses. The 1999 Nevada HCAS
classified vehicles only according to broad weight cate-
gories: basic vehicles weighing 10,000 lb or less and heavy
vehicles weighing in excess of 10,000 lb.

Other states have established vehicle classes based on
both axle configuration and registered vehicle weight:

• The 2007 Oregon HCAS modeled vehicle classes based
on vehicle weights and number of axles in 2,000-lb
increments.

• The 1999 Arizona HCAS considered five broad vehicle
types and 23 weight classes.

• The 2000 Kentucky HCAS used both vehicle and weight
categories to establish 17 vehicle classes: motorcycles,

cars, buses, and 14 truck classes differentiated solely by
registered or declared weight.

• The 2002 Idaho HCAS covered five vehicle types
(autos, pickups, buses, single-unit trucks, and combina-
tions) spread over 9 weight classes.

Studies can also differentiate between vehicle classes
based on fuel type (e.g., gasoline, diesel, alternative fuels or
hybrids) and on treatment in the tax code (e.g., full-fee pay-
ing, partial-fee paying, and exempt).

To elaborate and summarize, vehicle classes are generally
defined in any HCAS with the following considerations:

• From a perspective of distinguishing vehicles by cost
responsibility: (1) operating axle weights of vehicles,
(2) gross weights of vehicles, (3) miles operated, and
(4) differences in the streets and highways on which
vehicles operate.

• From a perspective of distinguishing vehicles by user
payments made: (1) fuel economy, (2) registered weight
class and other vehicle class differences, and (3) fee ex-
emptions and reduced fee classes of special vehicles,
such as publicly owned vehicles, out-of-state-based
vehicles, and vehicles used in particular industries or ve-
hicles providing special services.

• Existing vehicle registration classes.

VC  Acronym  Description  

1  Auto  Automobiles and motorcycles  

2  LT4  Light trucks with 2-axles and 4 tires  

3  SU2  Single unit, 2-axle, 6 tire trucks 

4  SU3  Single unit, 3-axle trucks  

5  SU4+  Single unit trucks with 4 or more axles  

6  CS3  Tractor-semitrailer combinations with 3-axles  

7  CS4  Tractor-semitrailer combinations with 4-axles  

8  CS5T  Tractor-semitrailer combinations with 5-axles, two rear tandem axles  

9  CS5S  Tractor-semitrailer combinations with 5-axles, two split (>8 feet) rear axles

10  CS6  Tractor-semitrailer combinations with 6-axles  

11  CS7+  Tractor-semitrailer combinations with 7 or more axles  

12  CT34  Truck-trailer combinations with 3 or 4-axles  

13  CT5  Truck-trailer combinations with 5-axles  

14  CT6+  Truck-trailer combinations with 6 or more axles  

15  DS5  Tractor-double semitrailer combinations with 5-axles  

16  DS6  Tractor-double semitrailer combinations with 6-axles  

17  DS7  Tractor-double semitrailer combinations with 7-axles  

18  DS8+  Tractor-double semitrailer combinations with 8 or more axles  

19  TRPL  Tractor-triple semitrailer or truck-double semitrailer combinations  

20  Bus  Buses (all types)  

TABLE 3
1997 FEDERAL HCAS VEHICLE TYPES
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• The possible need to subdivide any vehicle registration
classes into two or more subclasses because of any of
the aforementioned cost responsibility considerations.

• Defining vehicle classes in one way for analysis of
cost responsibility and in another way for revenue attri-
bution: it is important to have a good way of applying
conversions from one class to the other or to summarize
categories of vehicle classes for reporting results and
estimating equity ratios.

FUNCTIONAL CLASSES OF ROAD SYSTEMS
EXAMINED IN HIGHWAY COST ALLOCATION
STUDIES

The determination of the functional classes of road systems
examined within an HCAS is important because higher order
systems (e.g., Interstates, other freeways and expressways,
and other principal arterials) are designed to higher standards
to withstand the punishment of heavy axle loadings and high
traffic levels. Therefore, the attribution of cost responsibility
is inextricably linked to the design standards of the roadway
systems where both the miles of travel occur and the con-
struction and maintenance expenditures are made. The
following is a list of the standard 12 functional classes desig-
nated by AASHTO in cooperation with FHWA.

• Rural
– Interstate
– Other Principal Arterials
– Minor Arterials
– Major Collectors
– Minor Collectors
– Local

• Urban
– Interstate
– Other Freeways and Expressways
– Other Principal Arterials
– Minor Arterials
– Collectors
– Local

Historically, these 12 functional classes have served as the
standard in terms of the treatment of functional classes of
road systems in HCASs. The 12 functional class system was
used in the 1997 Federal HCAS, 1999 Arizona HCAS, 2000
Kentucky HCAS, and the 2007 Oregon HCAS, although
some other recent HCASs have compressed these functional
class road systems into a smaller number of categories for
reporting purposes (1999 Oregon HCAS and 1999 Nevada
HCAS).

The designation of highway functional class between
rural and urban is another important distinction. The dis-
tinction of rural versus urban has taken on additional signif-
icance in recent Arizona HCASs. The Arizona SMHCAS
simplifies the cost allocation procedure by assuming that
expenditures on urban roads are driven by congestion and

should be allocated based on relative shares of VMT, whereas
expenditures on rural roadway systems are driven by the
strength requirements caused by heavy truck traffic and, there-
fore, should be allocated based on vehicle axle loads and
mileage.

SELECTING APPROPRIATE COST ALLOCATORS

Each element of a state HCAS relies on some measure that
can be quantified and used to allocate costs to various classes
of highway users. Under the Incremental Method, the recog-
nition that roads are built wider and thicker to withstand the
loading of heavy trucks led to the allocation of a certain por-
tion of roadway width and depth solely to heavy trucks. In re-
cent years, however, more comprehensive models, including
NAPCOM, have been developed to assign cost responsibil-
ity to vehicle users based on a more complete understanding
of the influence of vehicle traffic, environment, and other
factors on pavement deterioration. These models predict the
impact that highway use will have on pavement damage
based on empirically established relationships between axle
weights and pavement damage, and assigns cost responsibil-
ity based on these established allocation factors.

In the absence of a more comprehensive pavement model,
some states have historically used more straightforward mea-
sures that are designed to vary in proportion to the damage
caused to the roadway system by vehicle classes. These allo-
cators include:

• Axle Miles of Travel (AMT)—VMT multiplied by the
number of axles. Because trucks generally have more
axles than cars, sports utility vehicles (SUVs), or pick-
ups, their share of the total AMT on any given highway
system will be about double their share of the VMT on
that system.

• Axle Weight or Axle Load—The gross load carried by
an axle.

• Ton-Miles—VMT multiplied by tonnage.
• Equivalent Single-Axle Loads and Equivalent Single-

Axle Load Miles—The pavement stress imposed by a
single axle with an 18,000-lb axle load is termed one
ESAL. ESAL-miles are equivalent single-axle loads
times miles traveled.

These allocators have been used extensively at the state
level to assign specific wear-related costs to highway-user
classes. For example, the 2007 Oregon HCAS, while using a
comprehensive HCAS model, assigns striping costs based on
axle-miles of travel (ECONorthwest 2007). Roadway strip-
ing deteriorates as a result of friction of tires wearing away the
paint on roadways. Thus, the number of axle-miles is used
as a proxy for the number of times contact is made between
vehicle tires and roadway striping. The 1999 Arizona HCAS
allocates the costs associated with the extra roadway thick-
ness required to accommodate heavy-truck traffic based on
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axle loadings (1999 Update of the Arizona Highway Cost
Allocation Study 1999).

Bridge costs have historically been allocated to highway-
user classes based on the size and weight of the vehicles
crossing the structures. When assigning these costs, two key
issues are:

1. The definition of increments used in the incremental
analysis of bridge cost responsibility and the methods
used to assign vehicles to those increments.

2. The methods used to allocate costs among increments,
including the determination of load and non-load por-
tions of bridge costs.

Bridge costs are often stratified into three categories: new
bridges, bridge replacements, and bridge rehabilitation. The
costs associated with new and replacement bridges have
historically been allocated in many studies based on an in-
cremental analysis of the costs of constructing bridges using
different design loadings. This approach was used in the last
two federal HCASs and several state HCASs. These loadings
are based on hypothetical vehicles for which stresses in the
load-bearing members of bridges are calculated and com-
pared with permissible stress levels. As loadings become
heavier, the size of bridge members, and consequently bridge
costs, must be increased to remain within permissible stress
levels.

When allocating bridge rehabilitation costs, load- and
non-load-shares are determined. Bridge rehabilitation ad-
dresses the needs to both improve its structural and func-
tional condition. The non-load share of bridge rehabilitation
costs is largely allocated to all vehicles based on relative
shares of VMT. This allocation procedure is based on the
principle that vehicle wear drives rehabilitation costs. The
load share of rehabilitation costs is often allocated to heavy-
truck classes based on some measure that accounts for the
additional stress placed on bridges by heavy vehicles, such as
ESAL-miles or heavy-truck VMT (Stowers et al. 1998).
Issues relating to the allocation of pavement and bridge costs
are examined in more detail in chapter five.

Historically, the costs associated with new roadways were
allocated based on an incremental analysis of the additional
thickness and depth required to sustain heavy trucks. In recent
years, however, the costs of constructing new roads in urban
areas have been treated as investment decisions relating to the
tradeoffs between congestion and roadway expenditures. Thus,
new facilities in urban areas are often viewed as designed to re-
lieve congestion levels on existing facilities. With this view in
mind, state HCASs are increasingly allocating capital costs in
urban areas based on the contribution of each highway-user
class to congestion. From an empirical standpoint, the ideal
state would exist if state HCASs examined the costs associated
with congestion (including wasted time and fuel, emissions,
and noise), states implemented highway-user tax structures that

taxed on a marginal cost rather than average cost basis, and
those fee structures could be used to address cost responsibility.
The economic principles involved have been addressed in the
1997 Federal HCAS and recent Oregon studies.

In the absence of this preferred set of circumstances, most
states have found proxy allocators used to attribute most cap-
ital costs largely based on some measure of travel. In the
1999 Arizona HCAS, an additional distinction was made in
the simplified model between urban and rural capital costs
with urban costs assumed to have been driven by congestion
and allocated based on relative shares of VMT. The base
Arizona HCAS model in the 1999 Arizona HCAS used axle
loadings to assign cost responsibility for the additional pave-
ment thickness required to accommodate heavy-truck traffic.
The 2007 Oregon HCAS assigned responsibility for the base
increment cost based on a measure of the space that vehicle
classes take up on roadway systems during congested peri-
ods. This allocator is referred to in the Oregon studies as con-
gested PCE VMT. The PCE factor is an appropriate allocator
because congestion is driven by the space that vehicles oc-
cupy on the road system, not simply the number of vehicles
or the total number of miles traveled. Heavy trucks are larger
and require more braking and acceleration distances to oper-
ate safely on road systems and, therefore, have a greater PCE
factor than lighter, smaller vehicles.

There are elements of any transportation agency budget
that have no clear relationship to specific vehicle characteris-
tics. These costs include planning and administrative over-
head costs. These costs are generally allocated based on either
an assignment of responsibility to a specific highway-user
class or some general measure of VMT. When considering
the allocation of costs to a specific user class, an appropriate
example would be the allocation of expenses tied to motor
carrier enforcement. These costs would not be incurred in the
absence of heavy-truck traffic. Therefore, costs associated
with motor carrier enforcement are generally allocated to
heavy-truck classes based on the relative shares of VMT for
each class of heavy trucks.

COST ALLOCATION IN A MULTIMODAL
ENVIRONMENT

Recent developments in federal policy have served to in-
crease the flexibility in the application of federal-aid funds
and encourage intermodalism. The Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA) encouraged
the development of a broad multimodal system through in-
corporating modes into a National Intermodal Transportation
System. In turn, some have argued for a broader consideration
of modes in the cost allocation process. To proponents of
intermodalism, the exclusion of other modes serves to pro-
mote an incomplete understanding of equity.

One study examined the policy implication of applying
cost allocation across all modes, examined the pros and cons
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of a multimodal approach, and presented recommendations
related to the treatment of alternative modes in transportation
cost allocation (Wheeler 1996).

The arguments in favor of a multimodel approach to cost
allocation identified in the study included:

• An application of transportation cost allocation in a
multimodal environment would encourage the emer-
gence of a broader view of the transportation system.

• Multimodal cost allocation would enhance uniformity
and coordination when spending decisions are made.

• Highway users generate external costs (air pollution,
congestion, noise) that are typically not addressed
in HCASs, but impact society and other modes of
transportation.

• Highway users benefit from the multimodal transporta-
tion systems that support the road network.

Arguments against the multimodal approach cited by the
author were tied to the uncertainty associated with the multi-
modal approach and its inability to be used to directly set
highway-user charges. The author also noted the complica-
tions associated with the inability of most other modes (e.g.,
rail and public transit systems) to recover operating costs
through user charges.

The author concluded that there is a need to move toward
a broader application of transportation cost allocation; how-
ever, more research is needed to implement such a strategy.
Required research proposed by the author included:

• A detailed review of multimodal economics;
• The development of a mode-by-mode approach to

transportation cost allocation; and
• Examination of the feasibility of extending transporta-

tion cost allocation to all levels of government, including
federal, state, and local government.

METHODOLOGIES FOR REVENUE ATTRIBUTION

The process of attributing revenues to highway-user classes
is an essential step in any HCAS. The equity ratios created
for each vehicle class serve as the principal findings of state
HCASs. Although most attention in the literature focuses on
cost allocation, revenue attribution has an equal weight in de-
termining the outcome of an HCAS. Revenue attribution
results in producing the numerator over the cost allocation
denominator in any equity ratio. Guidelines for performing
revenue attribution are contained in a section of chapter five.

States have historically focused on state revenue sources.
Reasons cited for focusing on state revenue sources include
the historic inflexibility with respect to how federal funds
could be used and the inability of states to make adjustments
to the federal tax structure. However, because of the flexibility

built into the federal-aid program in recent years, many recent
studies have included federal, state, and local revenues in the
attribution process (Arizona, California, Idaho, and Nevada),
and others have included state and federal revenues in the at-
tribution process (Delaware, Kentucky, Vermont, Virginia,
and Wisconsin). Maryland attributes state and local revenues
to highway-user classes. Oregon has established a unique ap-
proach. In recent Oregon studies, the numerator of the equity
ratios has included only state revenues, but the denominator
has included both state and federal expenditures. The result-
ing imbalance is corrected by converting the equity ratios to
adjusted equity ratios by expressing the ratio as shares of
total revenue divided by shares of total expenditures, as is
commonly done in state HCASs (see further discussion in the
levels of government section of chapter five).

The 1997 Federal HCAS and virtually all state HCASs
allocate expenditures and attribute revenues to the various
user classes for a future time period based on adopted pro-
grams and short-term program and revenue forecasts. Most
states focus on programmed state transportation improve-
ment program (STIP) expenditures projected over a future
time period. Traffic and other data are also projected forward
for the same future years.

The logic behind this approach is that forecast data pro-
vide a more accurate description of the changing characteris-
tics of demand for travel and expenditures based on changing
conditions. For example, constrained budgets and the normal
deterioration of a state’s roads and bridges could signal a
shift in public investment from capacity expansion to opera-
tion and maintenance of existing highways. Historical data
would not adequately reflect this trend. To get a better picture
of expenditures, a state may choose to consider past expen-
ditures (e.g., 2 to 4 years) as well as future program costs,
while being cautious in the treatment of one-time large
expenditures. The time periods considered in a number of
recent studies are presented in Table 4.

Similar to the 1997 Federal HCAS, state HCASs gener-
ally attribute motor fuel tax revenues based on estimates of
travel in the state being examined and motor fuel economy.

Study Study Time Period 

Arizona (1999) 1999–2003 

Idaho (2002) 2001–2005 

Federal (1997) 2000 

Nevada (1999) 1998–1999, program expenditures

   based on 1999–2008 STIP 

Oregon (1999) SFY 2000—SFY 2001 

Oregon (2007) SFY 2008—SFY 2009 

Vermont (2005) 2005 

TABLE 4
RECENT HCAS STUDY TIME PERIODS
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Miles-per-gallon estimates are generally obtained through
industry surveys, including the Vehicle Inventory and Use
Survey (VIUS), or through the default values contained in
the State HCAS Model prepared for the U.S.DOT. For states
with weight-distance taxes (Kentucky, New Mexico, New
York, and Oregon), the revenue attribution process is more
transparent as distance-based taxes are graduated to reflect
the declared vehicle weights typically examined in state
HCASs.

Attribution of registration fees, particularly those of In-
ternational Registration Plan apportioned vehicles, can be
extremely complicated at the state level, depending on the
quality of the state’s registration fee and related database.

The principal issue that must be addressed is how to convert
payments by user classes that are defined by registration fee
schedules to user classes examined in the HCAS. For exam-
ple, the revenue attribution process may require conversion
of registration fees based on registered gross weight to data
based on vehicle body type and axle configuration. Some
states have constructed complex matrices to perform this
conversion. For example, a matrix prepared for the state of
Pennsylvania relied on data provided through VIUS, the In-
ternational Registration Plan, and special studies conducted
at the state level (Jacoby 1990).

Table 5 presents guidelines used to conduct a detailed rev-
enue attribution process in Kentucky (Osborne et al. 2000). In

Element Basis

Fuel Tax  

Heavy vehicle surtax Revenue estimates from VMT, rates of fuel 

consumption, and tax rates
Carrier surtax See above

Normal use See above

Federal Excise Tax See above

Vehicle Registration & License  

Cars 100%

Buses 100%

Motorcycles 100%

Trucks Revenue estimates from number of registered

trucks and registration fees (with adjustments for

farm, exempt, and 6,000-lb trucks)

Apportioned trucks Number of ID cards

Truck ID cards Number of ID cards

Truck permits Number of ID cards

Other Vehicle-miles

Miscellaneous Vehicle-miles

Operatorís License Vehicle-miles

Commercial Driver’s License Vehicle-miles

Usage Tax  

Buses 100%

Other vehicles All excluding buses As reported 

Federal trucks and trailers Vehicle-miles

Road Tolls Toll collection receipts

Other Motor Carrier Taxes  

Weight distance Vehicle-miles

Extended weight 100%

Federal use Vehicle-miles

Other Federal Taxes 

Vehicle Class

 

Trucks over 59,999 lb

Trucks over 26,000 lb

All

All

 

Cars

Buses

Motorcycles

Trucks

Trucks

Trucks

Trucks

All

All

All

Trucks over 22,000 lb

 

Buses

Trucks over 33,000 lb

All 

 

Trucks over 59,999 lb

80,000-lb trucks 

Trucks over 54,999 lb

All Vehicle-miles

TABLE 5
GUIDELINES FOR THE ALLOCATION OF HIGHWAY-USER REVENUE TO VEHICLE CLASSES 
IN KENTUCKY
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Kentucky, the primary sources of revenue include fuel taxes,
registration and license fees, usage taxes, road tools, other
motor carrier taxes, federal taxes, and miscellaneous taxes
and fees. This table demonstrates how highway-user fees are
attributed to each vehicle class. For example, the Kentucky
weight distance tax is allocated to trucks weighing in excess
of 59,999 lb based on VMT. The regular Kentucky motor
fuels tax is allocated to all highway-user classes based on a
revenue analysis that considers VMT, rates of fuel consump-
tion, and tax rates.

TREATMENT OF DIVERSIONS OF HIGHWAY-USER 
REVENUES TO OTHER USES

States have varied in their treatment of diversions of highway-
user revenues to other uses. Some HCASs have identified the
diversion of highway-user revenues to other uses but have
eliminated them from consideration, whereas others have at-
tempted to judge each diversion based on its relative merit. For
example, most but not all states consider the highway patrol as
an essential element of the highway program and allocate these
costs accordingly (Idaho Department of Transportation 2002). 

The 1997 Federal HCAS allocated expenditures of high-
way-user revenues on mass transit. The principle underlying
this approach was that expenditures on mass transit facilities
represent a form of congestion management and, therefore,
should be allocated to highway users. Thus, mass transit
expenditures were allocated to automobiles, pickups, and vans
in proportion to VMT on higher-order urban highways. It is
worth noting that practitioners interviewed for this study indi-
cated that because heavy-vehicle classes also benefit from
congestion-relieving transit investment, it would be more ap-
propriate to allocate these costs according to congested PCE.
It is also worth noting that not all forms of transit investment
ease congestion. For example, although the Central Phoenix/
East Valley Light Rail Project is expected to reduce VMT by
four-hundredths of one percent in the region, vehicle speeds
are expected to drop by one-tenth of a mile per hour in the re-
gion and one-fifth of a mile per hour in the corridor served by
light rail (Final Environmental Impact Statement . . . 2002).
This counterintuitive result is expected to occur because the
light rail will be constructed in an existing roadway (thus re-
ducing roadway capacity), trains will be given signal pre-
emption rights that will disrupt signal synchronization with
vehicular traffic, and train tracks are expected to block direct
access to many driveways and side streets along the route.

Other HCASs exclude these diverted revenues. For
example, the 1999 Nevada HCAS identifies the total value
of diverted higher-user funds at the federal, state, and local
levels in Nevada but does not allocate them noting: “Since
the purpose of highway cost allocation is to identify
whether different vehicle classes are contributing in propor-
tion to their cost responsibility, only the taxes that come
from highway users and are used for highways are included
in our study” (1999 Highway Cost Allocation Study 1999).
The 2005 Vermont HCAS also focuses exclusively on state

expenditures to build and maintain roads (Selle 2006).
Oregon has avoided this issue entirely by virtue of its con-
stitutional requirement that all highway-user revenue be
used for the construction, rehabilitation, and maintenance
of roads in the state.

The 1994 Texas HCAS excluded the impacts of state
highway-user taxes that had been used to fund education
programs in the state and federal funds used on mass transit
projects (Euriat 1994). In 2000, however, a study sponsored
by the Texas DOT recommended exploring scenarios in the
next Texas HCAS that would allocate all revenues regardless
of their use (Luskin et al. 2001). 

EXPERIENCE IN SELECTED STATES

Brief highlights of HCAS work by 11 selected states are
summarized in this section. These states have been selected
either because (1) they have been leaders in the field, (2) the
amount of work they have done, or (3) they have performed
work that may be of significant interest to other states that
may want to borrow from what they have learned or use the
results of their work directly or indirectly.

Arizona

Arizona is one of four states that had conducted five or more
HCASs and responded to the survey. Each HCAS was com-
pleted within the last 14 years, with the last being completed
in 2005. It completed a comprehensive study in 1992 to 1993
that included all of the currently recommended analyses and
methods, with the exception of some refinements based on
the 1997 Federal HCAS.

In 1999, Arizona developed and applied a simplified
method based on the 1993 study and then applied it again
twice over the next two years. The amount of effort involved
was reduced by an order-of-magnitude. The output of both
the simplified and traditional Arizona HCAS model is pre-
sented in Table 6. As shown, the results are consistent
between the two models for the auto and bus classes. How-
ever, the simplified model generated results that varied sig-
nificantly from the Arizona HCAS model for pickups and
SUVs (20.7% difference), single-unit truck class (56.7% dif-
ference), and combination trucks (14.8% difference). When
studying broader vehicle classes (e.g., basic vehicles versus
heavy trucks), the results are fairly consistent. See the last
section of chapter five dealing with simplified models for fur-
ther discussion of the implications of these observations and
how improved models of this type might be developed.

California

California has conducted only two HCASs (1984 to 1987 and
1995 to 2000), but both made important contributions—the
first primarily in terms of principles and methodology and the
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Equity Ratios

Vehicle Class 
Simplified Model Arizona HCAS Model

Autos 1.33 1.30

Pickups/SUVs 1.45 1.74

Buses 0.93 0.90

Single-Unit Trucks 1.41 0.90

Combination Trucks 0.81 0.93

    Total 1.20 1.20

Source: 1999 Update of the Arizona Highway Cost Allocation Study (1999). 

TABLE 6
EQUITY RATIOS AND COMPARISON OF SIMPLIFIED
MODEL TO ARIZONA HCAS RESULTS

second in terms of demonstrating the value of organizing an
HCAS so that it can be open to rapidly changing circumstances.

The 1984 to 1987 study was one of the first to be initiated
after publication of the 1982 Federal HCAS report and the
subsequent national dialog about the impact of that bench-
mark study. In performing that study the California DOT
made a major commitment to doing the study in a manner
that was fully responsive to the 1982 federal study in terms
of both economic concepts and the logic behind each of the
technical advancements of the 1982 study.

Some of the contributions of the 1984 to 1987 study went
beyond the federal study in defining economic principles in
operational terms and implementing them:

• Highway-user payments should be defined to include all
types of payments that are unique to the use of highways,
regardless of where or how those revenues are spent.

• Highway expenditures and future costs should be de-
fined to include all expenditures regardless of the
source of funds for the expenditures and regardless of
which agency is responsible, and all costs that are pub-
lic responsibility regardless of whether they have yet
been formally adopted or budgeted.

• Expenditures for other modes of transportation (pri-
marily transit) should be included if they are publicly
recognized as being of substantial benefit to highway
users, either in terms of congestion reduction or conser-
vation of highway capacity for future growth.

• Each level of government should be analyzed sepa-
rately so that results can be presented in the most flexi-
ble manner, either separately or in any combination.

• Careful attention should be given to defining what expen-
ditures are properly considered part of the analyses for
each level of government. For example, state aid to local
governments is part of state programs and federal aid to
state or local governments is part of the federal program.

• A credible HCAS cannot be done for any state’s local
governments without use of a specially designed sur-
vey of local governments. Such surveys should be
built around existing data recently reported by local
governments.

Other technical contributions of the 1984 to 1987 Califor-
nia HCAS included:

• Complete adaptation of the 1982 Federal HCAS methods
for application at the state level, reflecting the differences
in available databases and differences in a variety of
technical methods used in pavement and bridge design.

• Development of new operational procedures for cross-
walks between (1) expenditure databases and new data
developed for expenditures for cost allocation categories
such as new pavements, pavement rehabilitation, pave-
ment maintenance, similar breakdowns for bridge work,
grading and drainage, etc. (see Table 11 in the guidelines
section of chapter five), and (2) registered weights and
operating weights. A significant aspect of these efforts in-
volved analyses of detailed data from project files, weigh-
in-motion (WIM) data, and data from weigh stations.

• Development of well-defined criteria for defining vehi-
cle classes.

• Development of procedures for distinguishing full-fee
paying vehicles and exempt, partially exempt, or spe-
cial-fee-paying vehicles for each vehicle class.

• Development of procedures for revenue attribution that
provide reliable estimates of total taxes and fees paid
for each vehicle class for both full-fee-paying vehicles
and others.

In developing these procedures, California was able to
avoid having to deal with various complex issues that are not
important in terms of basic cost allocation principles or
equity concerns. These include issues that some states have
struggled with, such as the amount of evasion there is for var-
ious taxes and fees and how to deal with tax subsidies that all
legislatures have created for various categories of vehicles.

The improvements made in the 1984 to 1987 California
HCAS have been used and improved on in subsequent HCASs
in California, Vermont, Arizona, Idaho, Minnesota, and
Oregon, and in the State HCAS Model developed for FHWA.

The 1995 to 2000 California HCAS built on and refined the
work of the earlier study, and was noteworthy not for the types
of improvement advances described earlier, but for two unique
aspects that differentiated it from all other state HCASs.

The first is how the study dealt with a complex set of im-
pacts that were central to the purpose of that study. Because
of recent changes in federal law, California had to make basic
changes in how weight fees were being collected on both
power units and trailers or risk a loss of more than $100 mil-
lion per year. The challenge California faced was how to make
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these changes and eliminate most trailer fees for commercial
vehicles so that (1) fees would bear the closest possible match
with cost responsibility of vehicles owned and operated by the
many different classes of industry in the states, and (2) how to
best select from a wide range of options available for achiev-
ing this in a way that did not unduly burden any segment of
the trucking industry or the general public.

To meet this challenge, a very user-friendly spreadsheet
was developed for California (similar in concept to the one
described in the weight fee subsection of the guidelines in
chapter five) that permitted the project team, California DOT
staff, and any interested participant from industry to easily
develop and evaluate proposed alternatives. This facilitated
more than a year’s worth of technical work and dialog among
all interested parties before the HCAS report and recommen-
dations were prepared in 1999.

The other unique aspect of the 1995 to 2000 California
HCAS was a completely unanticipated legislative action that
fundamentally changed California’s highway-user tax struc-
ture. The legislature decided to phase out and totally elimi-
nate the state’s $1.5 billion per year vehicle license fees (an
ad valorem annual fee on all vehicles including trailers).

California decided to have its HCAS consultant work with
the department of motor vehicles (DMV) to develop and eval-
uate alternatives for increasing other fees on a schedule that
would create revenue neutrality at each step in the phase-out pe-
riod for the vehicle license fees. The project team had to adopt
the findings, database, and methods developed for that HCAS
to develop and evaluate alternative fee schedules for these
phases based on HCAS principles, the revenue neutrality re-
quirements, and a requirement that this revenue neutrality be
maintained for each agency that received a formula share of all
highway-user revenues. The required set of fee increases was
developed in consultation with the concerned agencies and was
submitted to the legislature in 2000 (Sydec Inc., et al. 1999).

Idaho

Idaho has conducted two relatively recent HCASs—in 1994
and 2002—and several years ago made an attempt to apply
FHWA’s State HCAS Model but found that it required greater
information technology (IT) expertise than was available at
the time. Based on that experience, the Idaho Transportation
Department recently undertook a third HCAS using FHWA’s
State HCAS Model with the assistance of two Washington
State Economists. Although this study was effectively com-
pleted in 2007, the results have not been published. 

Idaho is an appropriate state in which to conduct a second
low-cost test of FHWA’s State HCAS Model, because it has
the following advantages:

• An interest in periodic performance of HCASs;
• Good databases for most of the inputs required;

• A fairly small central office staff used to working to-
gether cooperatively without the need to create special
task forces with formally delegated powers; and

• Recent experience in conducting two HCASs.

Indiana

Indiana is one of three states known to have experience with
HCASs that did not respond to the survey. Our only source
of information about this experience is from the website of
the Joint Transportation Research Program of Purdue
University and the Indiana DOT and publications by the
Director of the Joint Transportation Research Program,
Professor Kumares Sinha and others. The 1988 HCAS used
the incremental approach, employed extensive data sets, and
used numerous allocators, including ESALs, to apportion
costs among attributable and non-attributable classes of costs
(Sinha et al. 1989).

Kentucky

Kentucky is the second of the four states responding to the
survey that had conducted five or more HCASs, and like
Arizona had conducted all of them in recent years (every two
years from 1992 through 2000). The studies were done as an
initiative of the Kentucky Transportation Cabinet (KTC),
and had been effective in calling attention to the inequities of
the tax structure.

According to the KTC’s survey responses, recent HCASs
were criticized for their treatment of a small number of method-
ological issues. The principal issue revolved around the low tax
rate for the weight-distance tax relative to heavy-truck cost re-
sponsibility. The explanation for the decision by KTC to stop
conducting HCASs on a regular basis is not that the tax burden
would be too much with an increase in weight-distance tax
rates, but that “the evasion was too high.” Evidence to support
this conclusion came from an analysis of evasion that compared
actual tax collections with an estimate of tax liability based on
VMT estimates for vehicles weighing in excess of 59,999 lb.
Based on the outcome of this analysis, weight-distance tax lia-
bility was estimated at $86.6 million as compared with actual
tax receipts of $70.2 million (Osborne et al. 2000). The argu-
ment behind this decision is that although an increase in
weight-mile tax rates would bring about equitable payments
from heavy-truck classes as a whole, tax payments would ex-
ceed the cost responsibility calculated for the majority of the
motor carriers who comply with current tax systems. Further,
the argument was advanced that if the KTC reduced evasion
associates with weight-mile taxation, heavy-truck payments
would equal cost responsibility under the current system and
no adjustments to tax rates would be necessary.

This decision is one that might have benefited from the
findings of the Oregon Weight-Mile Tax Study. The same tax
evasion issues had been raised, and Oregon DOT’s response
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was to investigate the reality of the claim. The study found that
evasion of the weight-mile tax was not excessive in compari-
son with evasion rates for other taxes and fees. The study also
examined the trade-off between the weight-mile tax evasion
rate and the level of enforcement and concluded that, although
the level of enforcement was somewhat below the optimal
level (i.e., the enforcement level of effort that would result in
the lowest sum of enforcement costs and revenue lost as a re-
sult of evasion), the level of evasion was within an acceptable
range at 3% to 7% (Cambridge Systematics et al. 1996). The
authors of the report recommended a detailed program of
increased enforcement that would both reduce evasion and in-
crease the cost-effectiveness of the enforcement program.

Maine

Maine DOT has completed at least four HCASs—in 1956,
1961, 1982, and 1989 (Maine Highway Cost Allocation
Study . . . 1989). Maine’s work in at least the last of these
studies is of interest because the authors of this work devel-
oped original approaches, while generally following the best
thinking regarding basic principles of cost allocation. The
1989 Maine HCAS was required by legislation designed to
improve equity in the state.

The 1989 study examined a small number of expenditure
categories: highway construction, maintenance, bridge con-
struction, local assistance, and other outlays. The 1989 Maine
HCAS used standard approaches for overall study design
(e.g., cost-occasioned approach and allocating actual ex-
penditures as opposed to costs). It did, however, use some
unusual allocators and approaches for attributing costs, in-
cluding VMT, ESALs, PCEs, truck miles traveled, standard
vehicle equivalent, the Delphi method, overhead, and other
allocators. The Delphi method, as applied in the Maine
HCAS, allocated some expenditures based on the judgment
of maintenance experts. The study also used miscellaneous
allocators such as fuel consumption and the number of regis-
trations by vehicle class.

Minnesota

The Minnesota DOT is believed to have conducted only
one HCAS (1989 to 1990) using an improved version of the
interlinked set of spreadsheets developed and applied for
Vermont. When compared with the earlier Vermont study,
the Minnesota study incorporated more detailed analysis of
revenues, expenditures, pavement designs and types; more
detailed program categories and classes of highways; and
more detailed analysis of expenditures by local governments.

The study finished with two sets of analysis requested by
legislative staff:

1. An evaluation of specific alternative changes in tax
structure.

2. Analyses of special classes of vehicles that have, or
potentially might have, reduced tax rates based on rev-
enue contributions beyond their cost responsibility
(Result of the Minnesota . . . 1990).

Nevada

Nevada has completed six HCASs and is the third of the four
states that completed five or more HCASs and responded to
the survey. Nevada HCASs were conducted in 1984, 1988,
1990, 1992, 1994, and 1999.

An outside audit was conducted in 1995 in response to
questions and comments by stakeholders and the legislature.
The audit included a thorough review and assessment of the
procedures and analyses used by the Nevada DOT in the first
four Nevada studies, resulting in recommendations for
refinements that were incorporated in the 1999 study proce-
dures (Sydec 1994).

Oregon

Oregon is the fourth of the four states that completed five or
more HCASs. It conducted the first HCAS (called “cost re-
sponsibility” studies in that state until recently) in 1937 and
has conducted studies fairly routinely ever since, having
completed its fifteenth in 2007—more than twice as many as
any other state.

Oregon has been the developer of most of the basic prin-
ciples that have come to be widely accepted in this field. It
has been among the first to adopt the results of research per-
formed by the FHWA and others and adopt new national
HCAS methods for use at the state level.

The 1999 Oregon HCAS was the first state study to adopt
FHWA’s new NAPCOM for allocation of pavement costs
and was the first to make use of the results of other research
and methodology from the 1997 Federal HCAS. The soft-
ware developed for the 1999 Oregon study was the first to use
Excel’s new Visual Basic programming language, and it
formed the basis for FHWA’s subsequent development of the
generalized HCAS model developed for use by other states,
as described previously.

Recent Oregon studies have also included a rather com-
prehensive set of issue papers covering most of the common
choices facing complex state HCASs. The 1999 Oregon
HCAS issue papers included:

• Pavement issues
– Alternative methods for allocating pavement cost

responsibility,
– Load and non-load-related damage shares for pave-

ment costs,
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– Allocation of load-related portion of pavement and
shoulder costs,

– Use of AMT as an allocator for selected costs,
– Reliability of data supporting pavement damage

relationships, and
– Appropriate environmental factors for allocation of

pavement costs.
• Bridge issues

– Definition of increments,
– Cost allocation methods,
– New bridges and bridge replacement,
– Bridge rehabilitation costs, and
– Bridge maintenance.

• Width-related cost issues
• Other attributable cost issues

– Allocation of costs of capacity improvement projects,
– Allocation of right-of-way costs,
– Allocation of climbing lane costs, and
– Allocation of rest area costs.

• Common and residual cost issues
• Other cost elements and time frame issues

– Exclude or include congestion and other external costs,
– Use of expenditure versus cost-based approach,
– Use of historical versus forecast data, and
– Treatment of federal and local revenues and expen-

ditures.

Since the 1999 Oregon study, there has been a shift in em-
phasis in cost allocation procedures from use of engineering
and axle weight allocators toward vehicle use allocators.
Achieving an appropriate balance between the engineer’s
and the economist’s perspective has, in effect, become a new
HCAS policy issue as a result of Oregon’s recent experience.

Texas

The Texas HCASs have employed innovative techniques to
conduct highway cost allocation. For example, the 2002
Texas HCAS examined the climatic factors that affect the
durability of highways. The study used numerous climatic
factors to differentiate local climates, and based on a statisti-
cal analysis, found the following factors could be used to
establish the relationship between climate and pavement de-
terioration: Thornthwaite Index (index of moisture), average
winter temperature, total freeze-thaw cycles in one year, and
total precipitation or rainfall. This analysis was used to es-
tablish five relatively homogeneous climatic regions within
the state. Establishing these regions affected how costs asso-
ciated with the deterioration of pavement were allocated
among highway-user classes.

Four major cost components were considered for alloca-
tion in the 2002 Texas HCAS:

1. Pavement construction costs (including reconstruction),
2. Pavement rehabilitation and maintenance costs,

3. Bridge costs, and
4. Common costs.

The 2002 Texas HCAS allocates bridge costs based on the
modified incremental approach. It allocates common costs
proportionally based on VMT. To allocate flexible and rigid
pavement construction, rehabilitation, and maintenance
costs, the study uses five allocation methods:

1. Generalized method—Allocates costs based on a
hypothetical facility specially designed for groups of
vehicle classes, with costs for the base facility
allocated based on VMT and the load-related costs
allocated to vehicle classes based on the optimal de-
sign for each combination of vehicle classes, highway
type, and climatic region.

2. Proportional based on ESALs.
3. Modified incremental analysis—Allocates costs incre-

mentally, with some cost elements allocated to specific
vehicle classes and others allocated to multiple vehicle
classes.

4. Variable lanes approach that allocates costs based on the
lanes required for different classes of vehicles—that is,
automobiles require more lanes than heavy trucks.

5. FHWA State HCAS Model.

Each allocation method was used to determine total cost
responsibility and assign equity ratios to each vehicle class
examined in the study.

Vermont

Vermont has conducted four HCASs—in 1982, 1990, 1993,
and 2005. The first was reportedly a comprehensive one.
Then in 1989 and 1990 Vermont performed an extensive
HCAS using an interlinked set of spreadsheets before the de-
velopment of Excel’s Visual Basic software that was devel-
oped and used in later HCASs. The 1990 Vermont study was
unusual in that it was conducted by Vermont’s Legislative
Council, with substantial assistance from VTrans. In 1993,
an in-house update of the 1990 study was performed.

In 2005, VTrans, using the expertise of an IT professional
with substantial private sector experience, was the first known
transportation department to complete an in-house HCAS
using FHWA’s State HCAS software after it was developed
for Oregon and later generalized for all states. The 2005
HCAS was requested by the legislature to evaluate proposed
changes to DMV fees. VTrans examined actual expenditures
and revenue for the previous fiscal year. VTrans then ran dif-
ferent DMV revenue scenarios to calculate new equity ratios.
Although the truck/auto equity ratios moved one percentage
point closer to equity, that was by coincidence. Comparison
with neighboring states was a more important consideration.
VTrans’ only outside assistance in this effort was a review by
the manager of the consultant team that developed the model
for FHWA, for a cost of less than $10,000 (Selle 2006).
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Most Helpful  Responses 

Copies of Previous State HCASs  18

Improved HCAS Guidelines  14

HCAS Software 15

Conferences, Networking, and/or Federal Workshops 14

Other 11

    Total 72

TABLE 8
WHAT STATES INDICATED WOULD MOST SUPPORT HCAS
EFFORTS

STATE HIGHWAY COST ALLOCATION STUDY
SELF-ASSESSMENTS AND ADDITIONAL
GUIDANCE AND ASSISTANCE DESIRED 
BY STATES

Ten respondents prepared self-evaluations of the HCASs
conducted in their state. In some cases, the state transporta-
tion officials were grading the performance of a contractor,
whereas in others they were grading their own agency’s abil-
ity to conduct the study, or some combination of the two. The
self-evaluation covered the following elements: 

• Technical issues relating to methods used and data
collected;

• Accuracy of the methods;
• Credibility of the work among stakeholders;
• Coverage of vehicle classes;
• Coverage of all relevant funding sources, fees, and

taxes; and
• Handling of special revenue factors.

The technical methods and data used in these studies were
generally well reviewed, with seven of ten states rating these
elements as good or excellent. The credibility of the work
among the stakeholders was cited as a problem in some
states, as was the limited coverage of vehicle classes. The
ability of these HCASs to handle special revenue factors,
such as public-private partnerships (PPPs) and tolls, was
viewed as average or weak in four of the ten surveyed states
(see Table 7). These issues were explored in greater detail
earlier in this chapter and are studied in chapter five as well.

In terms of what would be most helpful to states consider-
ing conducting HCASs, a total of 72 individual responses
were offered by 29 of the 33 states that returned a survey.
Respondents were encouraged to select more than one re-
sponse as appropriate. The 72 responses are broken down as
follows: 18 states selected “copies of previous HCAS reports
from other states,” 14 selected “improved HCAS guidelines,”

15 selected “software,” 14 selected “conferences, networking,
and/or federal workshops” and 11 selected “other.” These re-
sults are presented in Table 8. 

As noted in Table 8, ten respondents selected “other.”
Other responses included the following

• The California respondent indicated that AASHTO
should consider recommendations to guide states con-
sidering future HCAS and related studies.

• The Michigan respondent indicated that engineering
knowledge about the effect of trucks with Michigan’s
weight limits would be useful.

• The Nevada respondent argued for legislative action
consistent with the study results to motivate the state to
conduct additional studies.

• The Ohio respondent noted that Ohio would just refer to
national studies or studies from other states.

• The Wyoming respondent requested improved docu-
mentation from the FHWA for the FHWA State HCAS
Model and also noted the need for more extensive vehi-
cle class data for the entire highway system (detailed
documentation for FHWA’s 2001 State HCAS Model is
available on the FHWA’s website at http://www.
fhwa.dot.gov/policy/otps/costallocation.htm.

Elements Poor

Technical—Methods and Data   

Accuracy of the Methods  

Credibility of Work Among Stakeholders  

Coverage of Vehicle Classes  

Coverage of all Relevant Funding Sources,

   Fees, and Taxes 

 

Handling of Special Revenue Factors  

    Total 

Excellent

1

2

2

2

3

1

11

Good

6

5

4

4

4

4

27

Average

2

2

1

2

2

3

12

Weak

 

2

1

 

1

4 0

TABLE 7
STATE SELF-EVALUATION OF HCASs

S t a t e  H i g h w a y  C o s t  A l l o c a t i o n  S t u d i e s

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Generally, there has been a surge in the number of HCASs
conducted at the state level immediately following the com-
pletion of a federal HCAS. As new HCAS methods and data
are developed and tested at the federal level, they are used
and in some cases enhanced at the state level. The research
team identified the following state HCASs conducted since
the 1997 Federal HCAS:

• Arizona (1999, 2000, 2001, 2002, 2005),
• Idaho (2002),
• Indiana (2000),
• Kentucky (1998, 2000),
• Montana (1999),
• Nevada (1999),
• Oregon (1999, 2001, 2003, 2005, 2007),
• Texas (2002),
• Vermont (2005), and
• Wyoming (1999).

Since the last federal HCAS was performed in 1997, ten
states have performed HCASs but only three (Arizona,
Kentucky, and Oregon) have performed more than one
HCAS. Oregon has completed five HCASs since 1997 and
today is required to complete an HCAS every two years. In
1999, the Oregon Senate passed Senate Joint Resolution
(SJR) 44, an amendment to the Oregon Constitution requir-
ing that revenues from fuel taxes and fees on motor vehicles
be generated in a manner that ensures that classes of high-
way vehicles pay a fair and proportionate share of costs
imposed on the highway system. Under SJR 44, the Oregon
Legislative Assembly is required to provide for a biennial
review and, if necessary, adjust highway-user tax and
fee rates to ensure fairness and proportionality (Oregon
Legislative Assembly 1999). SJR 44 referred the proposed
amendment to the citizens of Oregon. The measure was
approved by Oregon voters in the November 1999 special
election.

The experience in Oregon, however, has become the ex-
ception rather than the rule. In recent years, the number of
state HCASs being performed has been in decline, as illus-
trated in Figure 1, which charts the number of state HCASs
being performed across time. Years in which federal HCASs
were performed are highlighted with vertical lines. The trend
line represents a four-period moving average. The figure
clearly shows the surge in the number of HCASs performed
in the years immediately following completion of a federal

HCAS and demonstrates that there have been fewer of them
conducted since the last federal study.

There could be a number of reasons for the decline in the
number of HCASs being conducted, including an increased
emphasis on revenue generation within states facing con-
strained budgets, an inability on the part of most state tax
structures to fully implement study findings, and constrained
research budgets that are used on other higher priority re-
search. Some reasons for this recent trend are explored in the
next section of this report.

Of the 33 states that completed surveys for this study, 26 in-
dicated that the primary motivation for conducting an HCAS
was to determine if its highway-user tax system was equitable,
and 12 indicated that the desire to use the study findings to
adjust taxes and fees to become more equitable was the prin-
cipal reason for doing the study. Survey results suggest that the
ability of most states to fully achieve cost responsibility by im-
plementing HCAS findings has become increasingly difficult
for at least two reasons: (1) the shift away from mileage-based
forms of taxation, and (2) a political landscape that increas-
ingly focuses on revenue generation from feasible sources
rather than equity among highway-user classes.

The concept of cost responsibility is often broken down
into two categories: horizontal and vertical equity. Horizon-
tal equity refers to the fair treatment of user classes with the
same vehicle class, whereas vertical equity refers to the fair
treatment of different user classes with respect to each other.
Horizontal and vertical equity are not fully achievable in
most state transportation tax structures owing to the heavy re-
liance on registration fees, non-mileage-based weight fees,
and motor fuel taxes.

Mileage-based taxes and fees can be used to more com-
pletely achieve equity and fully implement the findings of
HCASs. In recent years, however, mileage-based systems,
such as the weight-mile tax paid by heavy trucks, have been re-
pealed in several states (Figure 2). Today, weight-distance
taxes are imposed in only four states (Kentucky, New Mexico,
New York, and Oregon), although many states once adminis-
tered some form of weight-distance tax (Schultz 1994).

In the absence of a mileage-based tax system, HCAS study
findings can still be implemented to achieve equity between
broad vehicle classes through non-mileage-based weight fees

CHAPTER FOUR

IMPACTS OF HIGHWAY COST ALLOCATION STUDIES

State Highway Cost Allocation Studies

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14178


or graduated registration fees, but cannot completely achieve
equity within weight classes. HCASs can be used to evaluate
the current tax structure and generate recommended adjust-
ments to enhance equity generally among all highway-user
classes.

Some states surveyed for this study indicated that it has
become increasingly difficult to implement the findings of its
HCAS owing to both internal and external political influ-
ences that have complicated the process and led to an uneven
application of study findings. In Nevada, the findings of the
state’s HCAS have not been implemented since 1990, and
the most recent HCAS performed in 1999 found that heavy-
truck fees would need to be increased by $133.7 million
to achieve an equitable balance between revenue and cost
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responsibility (1999 Highway Cost Allocation Study 1999).
In Kentucky, studies were completed every two years be-
tween 1992 and 2000; however, disagreements over the ex-
tent to which evasion should be factored into the study and
other considerations ended the practice.

In Oregon, the responsibility for conducting the HCAS
was transferred from the Oregon DOT, the agency that pio-
neered the HCAS, to the Oregon Department of Administra-
tion Services. The Oregon Department of Administrative
Services convened a study review team that included repre-
sentation from the American Automobile Association, state
agencies, academia, and trucking and shipping interests to
refine the study’s methodology and hired a contractor to con-
duct the study (Stowers et al. 1999). Although Oregon’s
detailed weight-mile tax schedule would enable a full imple-
mentation of the HCAS results, the Oregon Legislature since
1999 has moved all weight-mile tax rates in unison. There-
fore, when the Oregon HCAS finds that heavy-truck tax pay-
ments are forecast to exceed cost responsibility by 5%, the
Oregon Legislature responds by reducing all weight-mile tax
rates by 5%. This practice has led to a disparity in terms of
the cost responsibility among heavy-truck classes with the
most recent Oregon HCAS projecting that tax payments from
vehicles with declared weights of between 10,000 and
26,000 lb would exceed their cost responsibility by 26%,
whereas tax payments from heavy trucks weighing between
80,000 and 105,500 lb would fall short of cost responsibility
by 16% (ECONorthwest 2007).

One issue in planning HCASs that often affects the likeli-
hood of implementation is the stated set of conditions for
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studies. An example of such a condition often made is that
an HCAS will exclude consideration of “highway needs.”
Another example of a condition that is sometimes made is
that recommendations for any changes in tax structure will be
balanced so that the results will be revenue neutral for the
overall highway tax structure. This condition is often made in
cases where one particular highway-user group is seriously

concerned that a study may lead to a recommendation for a
significant fee increase for vehicles in that class. Another
possible outcome might be an agreement on a quid pro quo
solution—for example, a tax or fee increase offset in value by
a favorable change in a non-tax condition, such as liberaliza-
tion on vehicle combination or length limits or restrictions on
access to more parts of the highway network.
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The first six subsections of this chapter draw heavily on the
guidelines that were prepared for the FHWA to assist states
in properly applying the generalized State HCAS Model
completed in 2002. It has been refined and updated as a prod-
uct of this HCAS synthesis project.

EXPENDITURES

The work required to prepare expenditure data is usually one
of the most time-consuming and tedious tasks involved in a
state HCAS. Unfortunately, there is little or no standardiza-
tion among the states in the available databases, and, there-
fore, examples of this work from previous studies provide
only general guidance.

Tables 9 and 10 provide two examples of expenditure data
developed by this project’s study team for two different state
HCASs. The “construction” or “capital expenditures” line
items are usually taken directly from each state’s STIP or the
equivalent. Typically, a STIP will include officially adopted
program expenditures for construction and related projects
for several future periods—usually five years or longer. The
STIP categories typically include several highway federal-
aid categories plus a few other categories involving little or
no federal aid—typically minor or specialized type projects
such as resurfacing, restoration, rehabilitation, and recon-
struction (4R) projects; sign and signalization improvements;
rest area improvements; and toll facilities, buildings, and
other capital improvements needed for the administration of
highway and other state transportation programs.

In general, one can expect the composition of projects
within each STIP program category to have approximately
similar characteristics from a cost allocation perspective, but
to have relatively different characteristics from projects in
other program categories. For example, most 4R projects in-
volve very high proportions of pavement rehabilitation, but
very little new pavement construction, bridge work, or grad-
ing; most Interstate maintenance projects also involve high
proportions of pavement rehabilitation, but they also tend to
involve more work on various other highway elements than
typical 4R projects. Most bridge projects on the other hand
involve primarily bridge construction or repair, but very little
pavement, grading, or other work.

Table 11 provides an illustration from a state HCAS of
how construction program expenditures are broken down by
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cost allocation category. A conversion matrix such as this
should be developed for each state from current project data
to obtain an accurate and up-to-date basis for conversion of
STIP expenditures into cost allocation categories. Once a
conversion matrix of this type is developed for a state HCAS,
it may be reused in subsequent studies in that state, with
review and revisions as appropriate to reflect any changes in
program categories or other factors that might change the
matrix.

Data are usually available in each state to develop con-
version matrices such as those shown in Table 11; however,
they are contained in a wide variety of formats. Usually they
are project-by-project records with quantities and/or cost
estimates broken down into very detailed categories. Typi-
cally, the development of a matrix such as Table 11 will in-
volve careful consideration of the definition of the individual
quantities and the nature of the project, and often all of these
factors are computer coded. For example, different cate-
gories of concrete may be used in pavements, bridge decks,
and structures; different codes may be implemented for as-
phalt used for new pavements, resurfacing, and pothole
patching, and different definitions of the purpose of the proj-
ects can be used to distinguish these elements when other dif-
ferences in codes are inadequate.

A matrix should also be developed for each state to con-
vert STIP expenditures into expenditures by highway class.
These types of matrices are somewhat more likely to change
over time, but are usually much easier to update from readily
available project data.

Programmed expenditures should also be separated out by
level of government for the source of funding for use in sep-
arate analysis by level of government, as will be discussed in
a separate subsection. Other expenditures are usually pro-
jected each year for the STIP period by each state in a very
general manner. This is done to provide a basis for estimat-
ing funds that will be available for highway construction and
other capital expenditures after maintenance, other commit-
ments, and administrative costs are subtracted from projected
revenues.

Typically, these non-construction expenditure projections
for the STIP period must be disaggregated from one or more
broad categories into several categories required for cost
allocation purposes. Often, the non-construction expenditure

CHAPTER FIVE

GUIDELINES FOR ANALYSES NEEDED FOR HIGHWAY COST
ALLOCATION STUDIES
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Expenditure Categories  $ Millions   

Transportation Department  

C onstruction and related    

construction (split into program and HCA categories)  146 

project development (allocate as overhead)  4 

other construction related  21 

Maintenance and related    

highway maintenance  64 

maintenance related (allocate as overhead)  4 

Other operational functions    

ports of entry operations  4 

other district operations  5 

non-highway capital facilities (overhead or other)  4 

highway safety  1 

other highway operations (overhead)  7 

Public transportation    

urban public transportation  2 

intercity rail  0 

Other modes of transportation    

aeronautics (not to be allocated)  1 

ports, inland waterways, pipelines, etc. (not to be allocated)  1 

Departmental services    

management services to be allocated (overhead on items to be allocated above)  8 

management services not to be allocated (overhead on items not to be allocated)  0 

support services to be allocated (overhead on items to be allocated) 5 

support services not to be allocated (overhead on items not to be allocated)  0 

MVA (often separate department)    

heavy vehicle fee apportionment programs (allocate to heavy-vehicle VMT)  1 

audit portion of motor vehicles (allocate to heavy-truck VMT)  1 

regulatory and administration related to motor vehicle dealers (allocate to all vehicles)  0 

other MVA (allocate to all vehicles)  1 

Subtotal, transportation department  280 

Department of Law Enforcement    

Off-highway police services (not to be allocated)  11 

Highway patrol (allocate to state highway VMT)  16 

Alcohol beverage control (not to be allocated)  1 

Academy and training programs (allocate pro rata share to VMT)  1 

Heavy vehicle weight enforcement (allocate to heavy-vehicle VMT)  0 

Heavy vehicle inspection programs  0 

Other Departments (overhead on appropriate items above)    

Attorney general services to highway agencies  1 

Courtsí hi ghway-related functions  1 

Air quality and environmental programs related to highways  0 

General administrative functions (pro rata for highways)  2 

Highway-user revenue collection and related enforcement  0 

Local Government Assistance for Street and Highway Programs    

To cities (to be split as appropriate)  22 

To counties and highway districts (to be split as appropriate) 51 

Total  386 

TABLE 9
EXAMPLE OF EXPENDITURE CATEGORIES FOR STATE HIGHWAY COST ALLOCATION
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Sources 

Federal 

($ Millions) 

State Highway Account (excluding state aid)      

Maintenance of state highway system  0 

Highway operations (other non-capital)  0 

Capital expenditures (includes project support)    

4R projects   333 

minor projects  0 

bridge projects  40 

transportation system management projects  40 

ma jor highway projects  173 

transit and rail  178 

Transportation Planning and Intercity Rail 30 

Other Expenditures Related to the State Highway System    

Department of motor vehicles  0 

Highway patrol (enforcement, safety, inspections)  0 

Other agencies’ highway-related expenditures 

(courts, emissions control, user-revenue collection, etc.)

0 

State Aid to Local Governments    

Capital expenditures  0 

Maintenance  0 

Transportation planning, bicycle lanes, emergency repairs  0 

All other  0 

Federal aid to local governments  367 

Total  

State 

($ Millions) 

465 

314 

  

150 

58 

91 

34 

198 

203 

42 

  

351 

548 

70 

  

378 

310 

88 

107 

0 

3,407 1,161 

TABLE 10
PROGRAMMED HIGHWAY-RELATED EXPENDITURES (STATE AND FEDERAL SOURCES) 

Percentage Split by Cost Allocation Category for Each Program Category  

Source  

 

 

 

Total

Interstate Maintenance 100%

National Highway

  System 

100%

Surface Transportation 

  Program (STP)—State

100%

STP—Local Rural 100%

STP—Local Urban 100%

STP—Safety 100%

STP—Enhancement 100%

Congestion Mitigation 

  and Air Quality 

100%

Bridge Projects 100%

Demonstration Projects 100%

4R Projects 

New

Pavement

2%

11%

9%

11%

2%

0%

9%

9%

6%

7%

5%

Rehab.

Pavement

54%

31%

36%

35%

17%

14%

36%

36%

3%

66%

67%

New

Bridge

0%

1%

0%

0%

0%

0%

0%

0%

0%

7%

0%

Replace-

ment

Bridge

11%

4%

11%

13%

6%

0%

11%

11%

69%

0%

1%

Bridge

Repair

1%

1%

1%

0%

6%

0%

1%

1%

1%

0%

6%

Grading

3%

26%

26%

35%

14%

5%

26%

26%

9%

12%

6%

Other

29%

26%

17%

6%

55%

81%

17%

17%

12%

8%

15% 100%

TABLE 11
ILLUSTRATION OF THE CONVERSION OF A STATE’S FIVE-YEAR CONSTRUCTION PROGRAM
EXPENDITURES INTO HIGHWAY COST ALLOCATION CATEGORIES
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projections will be broken down into agency programs or for-
mula allocations—for example, MVA, state police, and state
aid to local governments. If not, the first task is usually to
estimate such broad breakdowns based on trends and inter-
views with program administrators.

A critical next step is usually to break down administrative
expenditure projections into broad cost allocation categories
(e.g., construction, maintenance, motor vehicle, police, tran-
sit, and other modes). The critical question to be raised in this
context is how such administrative costs should be allocated
to vehicle classes. In some HCASs, most or all administrative
costs have been allocated as common costs, often using VMT
as the allocator. However, most practitioners prefer the more
refined approach that has been used in many recent HCASs—
that is, treating each major component of administrative cost
as an overhead on the specific program category. For exam-
ple, construction engineering and construction management
costs are allocated to vehicle classes in proportion to the
results of the cost allocation for direct construction expendi-
tures. Similarly, administrative and management costs for
highway construction and maintenance as a whole are allo-
cated based on the combined cost allocation results for direct
construction and maintenance expenditures.

Motor vehicle administrative costs are usually treated
somewhat differently. They are first broken down into func-
tions relating to different classes of vehicles that are admin-
istered in a different manner—usually two or more classes:
(1) heavy and larger vehicles whose registration fees are pro-
rated among the states, and (2) all other vehicles, sometimes
further divided into light- and heavy-vehicle classes if
administrative costs per vehicle are significantly different be-
tween these two classes. Police costs are also usually broken
down into vehicle classes covered by the various functions
(e.g., vehicle inspection, weight enforcement, and general
traffic service and enforcement).

The final major step in analyzing expenditure data is to
link all expenditure projections to cost allocation factors. In
many cases, this requires significant further analysis to pro-
vide a basis for splitting expenditures into cost components,
such as the breakdown of pavement expenditures into broad
classes of pavement work, the cost of pavements of mini-
mum thickness versus the cost of added thickness necessary
for supporting axle-load repetitions, and the expenditures for
different types of maintenance activities.

VEHICLE-MILES OF TRAVEL AND 
RELATED DATA

The travel and related data requirements for the FHWA State
HCAS Model include annual statewide VMT broken down
into the following categories:

• Vehicle configuration,
• Registered gross weight,

• Fuel type, and
• Functional class of highway or other user-specified

highway classes.

The primary source for the basic set of VMT data in most
states is the data compiled for the Highway Performance
Monitoring System, which is reported each year by each state
to the FHWA. These data include VMT by 12 vehicle con-
figurations (13 if motorcycles are separated out) and 12 high-
way functional classes.

Some states may not have all the breakdowns required,
such as splits of VMT for single-unit trucks broken down
into two, three, or four or more axles, or splits of combina-
tions into all of the standard seven classes of combinations.
In such cases, a state’s VMT for larger classes can be disag-
gregated into the more detailed classes using FHWA data.
FHWA may have developed estimates for more detailed
breakdowns for that state and can supply data from other
neighboring states or states with similar economies and other
characteristics.

The developers of the FHWA State HCAS Model recom-
mended that each state analyze trends in VMT by vehicle
configuration and functional highway class for the most re-
cent several years. Unless a state routinely performs such
analysis in the process of preparing each year’s estimates,
there are usually irregular trend lines for some of the break-
downs, particularly for the breakdowns that have very small
shares of total VMT (e.g., three- and four-axle combinations,
and six- or seven-axle doubles).

The analysis of trends in the breakdowns of VMT will
usually result in the need for a few small adjustments in the
percentage splits for one or more of the several years of data.
Once this is done, a decision should be made as to how to
project these percentage splits, either by (1) using the most
recent splits for the future year(s), (2) using average splits for
the several years, or (3) projecting trends in changes in the
splits. Care should be taken in choosing the third option,
however, because such trends may reflect short-term fluctu-
ations that are not likely to be sustained for long. Thus, a
compromise might be made between the first or second
option and the third option.

Annual mileage per vehicle and gallons per mile are vari-
ables for which good estimates have been developed for
each state in the default data contained in FHWA’s 2001
State HCAS Model, based on analysis of the 1992 Truck In-
ventory and Use Survey (TIUS). Some refinements in these
estimates might be made, however, if a state desires, using
more detailed analysis of that state’s 1997 and 2002 VIUS
data.

Estimates of new power unit prices were provided in the
FHWA State HCAS Model’s default database in the form of
equations expressing price as a function of registered gross

State Highway Cost Allocation Studies

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14178


30

weight for heavy trucks, and as a single average value for all
light vehicles. These values and relationships are approxi-
mate estimates judged to be satisfactory for attributing ad
valorem revenues (e.g., sales taxes, title fees, vehicle license
fees, and other fees that vary as functions of new vehicle
price or depreciated value). However, if a state has a major
portion of its highway-user revenue from ad valorem taxes,
it may wish to refine these values and relationships by analy-
sis of recent new vehicle prices, using manufacturers’ data or
other published sources.

The default data in the FHWA State HCAS Model used
for splitting VMT for 12 vehicle configurations into VMT
for 20 configurations are based on national VMT data de-
veloped in the 1997 Federal HCAS. These factors are sound
estimates at the national level, but are considered to be only
very approximate estimates at the state level. They may be
highly inaccurate for some states that have unusual size and
weight limits (e.g., Michigan) or concentrations of industries
that use particular types of configurations (e.g., particular
types of natural resource hauling in some Rocky Mountain
states). Such states may wish to perform special analysis of
VMT for heavy- and longer-vehicle configurations, using
either detailed Highway Performance Monitoring System
data and/or WIM data. Both types of data can be used for
such analysis.

Registered gross weight breakdowns for each vehicle
configuration are likely to vary substantially among the
states. The data provided with the 2001 State HCAS Model
are only representative data—that is, not considered to be
accurate enough for drawing conclusions regarding the
equity of the tax structure for different registered gross
weight (RGW) classes. Unfortunately, there is no common
source among the states for this variable. VIUS might be
used for doing this; however, we are not aware of any
analysis of this type that has been done for any state. Gen-
erally, any state that has an interest in developing estimates
of cost responsibility of vehicles by RGW has specialized
data that can be used. The best source of this type of data
exists in those few states that have tax records on reported
mileage by RGW—typically those states that have weight-
distance taxes. Many states also maintain good databases
on registered vehicles by RGW; however, these data are
not adequate, by themselves, for estimating breakdowns of
VMT by RGW because of (1) the wide variation in annual
miles of travel as a function of RGW, and (2) the wide vari-
ation in out-of-state travel as a function of RGW. VIUS
data can be analyzed to develop estimates of both of these
relationships, and to use the resulting relationships in con-
junction with registration data, to develop estimates of
VMT by RGW.

Estimates of fuel type splits by vehicle configuration that
are in the State HCAS Model are considered to be sufficiently
accurate to be used in all state HCASs. They are based on an
excellent database from one state, and slight inaccuracies in

this variable have no significant effect on the results. This is true
because the vast majority of all light vehicles are gasoline-
powered and the vast majority of all heavy vehicles are
diesel-powered, particularly when vehicles are weighted by
annual miles of travel.

Average power unit and trailer life have a very small
effect, or no effect at all, on the results of the revenue attri-
bution process. They effect only the results of revenue attri-
bution for ad valorem taxes, and then only to a small extent.
Therefore, most states need not perform any analysis of this
variable unless ad valorem taxes are a very large share of
total tax revenue.

PAVEMENTS AND RELATED DATA

A good HCAS model, such as FHWA’s 2001 State HCAS
Model, should be designed to handle four pavement cost cat-
egories: new flexible pavements, new rigid pavements, flex-
ible pavement repair and reconstruction, and rigid pavement
repair and reconstruction. Each should be broken down into
the standard 12 functional classes of highway (or other types
of highway classes) and by any special funding categories the
user wishes to analyze. FHWA’s State HCAS Model con-
tains representative values of expenditures for each highway
cost allocation category, including the previously mentioned
four pavement categories.

The following additional inputs may be required for
pavement cost allocation, all of which have default values
provided in FHWA’s State HCAS Model:

• Distribution of VMT by vehicle configuration and high-
way class.

• Operating gross weight distributions by vehicle config-
uration (and optionally by highway class).

• Axle-weight and axle-type frequency distributions for
each operating weight and vehicle class.

• Typical pavement sections and traffic proportions that
represent the flexible and rigid pavements for each
highway class.

• Number of miles on each highway class (to determine
average daily traffic loadings from VMT data) for new
pavement cost allocation.

• Annual ESAL growth rates by highway class for new
pavement cost allocation.

• Pavement design parameters applicable to the state in
question for new pavement cost allocation.

• Minimum pavement thicknesses for rigid and flexible
pavements.

• Pavement distress distributions and load-equivalency
factor regression coefficients for each highway class,
for pavement rehabilitation cost allocation.

• A conversion key, if necessary, to convert state-specified
highway classes to the 12 highway functional classes
used in NAPCOM.
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The default values supplied with the State HCAS Model
are all based on the 1997 Federal HCAS. These data include:

• VMT data by vehicle configuration and functional
highway class; 

• Minimum pavement thicknesses and the specification
of which state and coefficient option to use;

• Operating gross weight distributions by vehicle config-
uration, and space for the user to specify different
weight distributions for selected highway classes or
groups of highway classes;

• Axle weight distributions for each vehicle configuration
and operating gross weight group; and

• All other pavement data required by the State HCAS
Model.

The guidelines that accompany the model also contain
advice for modifying the data for use in each state.

BRIDGE DATA

A sound HCAS model should be designed to handle four
bridge cost categories: new bridges, bridge replacement,
bridge repair, and possibly special bridge costs. An example
of special bridge costs is the retrofitting of existing bridges
for earthquakes.

The following additional inputs are typically required for
bridge cost allocation, all of which have default values pro-
vided with the State HCAS Model:

• Assignment of vehicles to bridge increments based on
their live-load moments,

• An allocation of the cost of various types of new
bridges to bridge increments,

• Information on the types of material and span lengths
for new and replacement bridges,

• Inventory ratings of bridges that are to be replaced,
• An estimate of the percentage of bridge replacement

costs owing to structural deficiencies in existing
bridges,

• An estimate of the percentage of bridge repair costs that
are load-related, and

• An estimate of the percentage of special bridge costs
that are load-related.

Default values based on the 1997 Federal HCAS are pro-
vided for the rest of the information required for the State
HCAS Model. The guidelines provided with the State HCAS
Model also provide detailed advice for handling each of the
following operations:

• Assignment of vehicles to bridge increments,
• Allocation of new bridge costs to bridge increments,
• Types of material and span lengths for new and re-

placement bridges,
• Inventory ratings of replaced bridges,

• Bridge replacements resulting from structural deficien-
cies, and 

• Load-related bridge repair and special bridge costs.

MAINTENANCE AND OTHER DATA

In addition to the travel and vehicle characteristic data and
inputs required for pavement, bridge, and other costs in a
sound HCAS model, a carefully performed maintenance cost
allocation procedure should require:

• Expenditures for different categories of maintenance
work, broken down by highway class: travel-related
maintenance, wear-related flexible pavement mainte-
nance, wear-related rigid pavement maintenance, axle-
related maintenance, truck-mile-related maintenance,
light-vehicle-related maintenance, and possibly rest
area maintenance; and

• Specification of allocators for each of these cost cate-
gories.

Many states maintain detailed records of maintenance costs
by specific type of maintenance activity, such as pavement sur-
face patching, joint and crack filling, culvert cleaning, bridge
painting, snow plowing, etc. These records also often include
breakdowns of maintenance costs for specific routes or sec-
tions of routes (e.g., by county or highway district).

When such data are available, the user’s primary task is to
decide what allocation factors to use for each maintenance
activity or group of activities. An analyst doing a state HCAS
may want to consult the example contained in an appendix to
the guidelines for application of FHWA’s State HCAS
Model as a guide in preparing a similar table with that state’s
maintenance activities (Sydec 2000).

In the event that a state does not maintain detailed records
of maintenance cost broken down by specific activity, the
user of the model should make estimates of breakdowns of
maintenance expenditures by major class of activity through
interviews with the maintenance managers who are responsi-
ble for assigning work to crews. This may require meeting
with managers in each district to fill out forms that break
down known totals and/or subtotals of maintenance expendi-
tures into the desired shares by major class of activity.

A few states keep maintenance costs by functional class of
highway (or other highway classes that might be used in
HCASs). However, more commonly there is a significant
problem in converting costs to these highway classes. A fairly
common problem is the need to convert costs by route or seg-
ment of the route into costs by highway class. This typically
involves building a conversion matrix, using the assumption
that maintenance costs per lane-mile are constant, at least for
each highway class. Average maintenance costs per lane-
mile for each highway class can be estimated from routes that
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are entirely in each highway class. Maintenance costs for
routes that are in more than one highway class can then be
split between highway classes based on lane-miles in each
highway class and average maintenance costs per lane-mile
for the different highway classes.

The guidelines that accompany FHWA’s State HCAS
Model also include specific advice and options for the
allocation of the following other categories of highway costs:

• Grading costs,
• Residual allocators,
• Width shares,
• General construction costs and transit costs,
• Multi-highway system costs,
• Other travel-related costs,
• State police traffic management, and
• Vehicle registration costs.

ISSUES IN REVENUE ATTRIBUTION

The revenue attribution process is a straightforward splitting
of revenue actually collected or projected to be collected for
a future program period among the vehicle classes, sepa-
rately for each highway-user tax or fee. Usually this is done
in a two or more step process; for example, by splitting fuel
taxes into revenue by fuel type, then into light versus heavy
vehicles, and finally into the specific vehicle classes using
historical or projected fuel economy by vehicle class based
on data reported in the VIUS conducted every five years by
the U.S. Census Bureau.

A key part of accurately attributing revenue is to split
vehicles in each class into full-fee paying vehicles and
exempt-, partially-exempt, and special-fee paying vehicles,
if any, based on vehicle registration data. Many states have
all three non-full-fee-paying vehicle categories, and the num-
ber falling into each class varies by type of tax or fee.

In properly assessing the equity of a state’s overall high-
way-user tax structure, only the full-fee-paying vehicles are
generally included. It is important to recognize that the pro-
portion of vehicles that are full-fee-paying varies widely by
vehicle class. In most, if not all states, these vehicles are a
small minority of buses, but a majority for all other vehicle
classes. For these other vehicle classes, subsidized vehicles
(mostly government owned) usually make up a larger portion
of all vehicles for some of the lighter single-unit truck cate-
gories. However, some subsidized vehicles are usually found
in all vehicle classes.

Two analyses that are critical in the revenue attribution
process are:

1. The development of carefully fitted curves for fuel econ-
omy by fuel type as functions of registered weights of

vehicles. Experience shows that this should be done sep-
arately for single-unit trucks and combinations (which
generally are more fuel efficient than single-unit trucks
at most registered weights). Consideration should be
given to developing curves separately for two categories
of fuels: gasoline-powered vehicles and all others; that
is, those powered by diesel and other special fuels.

2. The development of another carefully fitted curve for
average annual mileage per vehicle as a function of
registered weights of vehicles. Experience shows that
this should also be done separately for single-unit
trucks and combinations, which generally travel more
annual miles than single-unit trucks, particularly at
most higher registered weights.

Curves can be developed from VIUS data and have been
done using the 1992 TIUS in the default database that is part
of the FHWA State HCAS Model. Default data for much of
the other data needed for revenue attribution can also be
found there, along with guidelines on how these data can be
used in the model. Experience in preparing these default data
suggests that it is important to focus primary attention on
data in the VIUS for each state rather than relying on national
data. However, care is needed in doing this because individ-
ual state-level data are based on much smaller samples and
tend to create much more erratic plots. The curve fitting often
requires careful use of judgment and often requires supple-
mentary review and analysis of data for states that are simi-
lar in their economies and geography.

To perform a sound revenue attribution process it is unnec-
essary to deal with some related issues that have arisen in some
states. For example, a tangential diversion from the basic
analysis required for good practice in revenue attribution or
cost allocation is to confuse subsidies with costs and then allo-
cate the amounts of a tax subsidy to the vehicle classes or any
other taxpayer. Economists often consider subsidies as costs
in the sense one might think of the loss of revenue as an
“opportunity cost” to the economy. However, a tax subsidy is
by no means a cost attributable to vehicle classes in an HCAS
because the responsibility for extending the subsidy is that of
a policy maker or legislator and not the highway user.

Another issue dealt with in at least two recent state
HCASs revolves around the issue of evasion. This is some-
what related to the analysis required in the revenue attribu-
tion process in that an analysis of miles of travel within
a state by full-fee-paying vehicles could in theory be used
to make rough estimates of evasion of diesel fuel taxes or
weight-distance taxes. In turn, some states calculate revenue
that is not being collected and then effectively consider that
lost tax revenue when determining the fair share that each
vehicle class should pay. For example, if payments from
heavy vehicles fall 10% short of cost responsibility but eva-
sion is estimated at 10%, the argument has been advanced
that no adjustments to tax rates are necessary. Rather, those
who are paying are currently meeting their cost responsibility
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and the state should increase revenues from heavy vehicles
by addressing the evasion issue. This argument is generally
not accepted by HCAS practitioners and evasion analysis is
not a generally accepted part of a sound revenue attribution
process. Evasion studies are often extremely complex and
well beyond the scope of a typical HCAS. When construct-
ing an evasion estimate, the simple analysis of VMT and
MPG is not an accepted method owing to the margin of error
in VMT and MPG calculations. The margin of error in these
calculations typically exceeds the expected level of evasion.

DIFFERENT LEVELS OF GOVERNMENT 
AND EQUITY RATIOS

Unfortunately, many state HCASs have not recognized the
importance that the level of government has in influencing
study findings. Many states’ equity ratios depend on what
levels of government are being considered. For example, in
the case of the 2002 Idaho HCAS, when state and federal
programs were combined, the typical 18-wheelers (combina-
tion trucks with registered weights in the 70,000-lb to
80,000-lb range) were found to be substantially underpaying
with an unadjusted equity ratio of 0.74 and adjusted equity
ratio of 0.89 (percent of total state and federal revenue paid
divided by percent of total cost responsibility for state and
federal programs combined). However, when only state
programs were considered, these typical 18-wheelers were
substantially overpaying (ratios of 1.23 and 1.27 for the
unadjusted and adjusted equity ratios, respectively).

Historically, state HCASs more often focused on the state
highway network, state taxes and fees, and state expenditures
for highways. However, once the Interstate network was
completed and the use of federal and state funds became
more flexible, more studies have examined at least state and
federal funds (Virginia and Wisconsin), whereas others have
examined federal, state, and local funds as well (Arizona,
California, Idaho, Indiana, Nevada, and Oregon).

Programmed expenditures are generally separated out by
level of government for the source of funding, as the exam-
ple provided in Table 10 illustrates. A sound highway cost
allocation model should provide for separate allocation of
expenditures for (1) state funds used in state-level programs;
(2) state aid to local governments; (3) federal aid and possi-
bly, depending on the level of state interest, policies, and the
size of the program, direct federal construction and operations
on federal lands; and (4) local expenditures from local fund-
ing sources, again depending on the level of state interest and
policies. Separate allocation of expenditures for each level of
government makes it possible to present results in different
ways (e.g., state and federal separately or in combination).

Revenues from each level of government should be ana-
lyzed separately for essentially the same reason. In general,
revenues and expenditures for any selected period for the

analysis cannot be expected to be exactly equal, either as a
whole or for any level of government. Even in states where,
either by established legislative policy or by constitutional
requirement, all revenues are dedicated for highway pur-
poses, there will be differences, if only resulting from lags
between revenue collection and obligations of funds or actual
expenditures.

In some states, and at other levels of government, users
pay taxes or fees that are legally not considered highway rev-
enues. In other cases, highway revenues are used for other
modes based on the argument that those expenditures benefit
highway users by reducing congestion and/or reducing the
need for costly highway improvements. More often, highway
programs are paid for in part by non-user revenues (generally
without regard to any local connection, such as when general
revenues are used) or, alternatively, user revenues are diverted
for other purposes, such as deficit reduction or balancing
budgets.

In any case, good practice requires proper accounting for
all user fees on the revenue side, regardless of where they are
used, and all highway-related expenditures, regardless of the
source of funds (at that level of government). HCAS practice
generally includes the reporting of these imbalances, and
then to fairly assess the tax structure’s degree of equity for
each vehicle class, examiners generally modify raw equity
ratios to “adjusted” equity ratios by expressing each ratio as
the percent of total user revenue paid divided by the percent
of total cost responsibility.

The level of interest and responsibility that states have
for local street and highway programs varies widely. How-
ever, most states will at least include an analysis of cost
responsibility for state aid to local governments for high-
way construction or for highway construction, mainte-
nance, and other highway-related programs.

Some states have also done separate analysis of cost re-
sponsibilities for local highway expenditures by local gov-
ernments from their own local funds. For almost all states,
these expenditures by local governments are primarily from
local non-highway-user revenue sources—for example,
general revenues or property taxes. Many states, however,
do have some local highway-user taxes or fees, such as
vehicle registration fees or fuel taxes. However, these local
sources usually yield a relatively small amount of revenue
compared with total local highway-related expenditures
from local funding sources.

If a state wishes to perform an analysis of cost responsi-
bility for local expenditures from local sources, practitioners
generally recommend that a parallel analysis of local highway-
user revenues also be conducted, to the extent that such local
highway-user taxes exist, to present a complete picture and
produce local level equity ratios. Typically, these equity ra-
tios will be small; for example, in the range of up to only
about 0.2 or less.
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A survey of local governments to determine how funds
are used is a principal additional task that is necessary in
most, if not all, states to do an equity analysis at the local
level. Survey forms may be sent either to a sample of local
governments (appropriate in states with many local govern-
ments of the same type) or to all units of local government
(appropriate in states with relatively few units of each type of
local government). If samples are used, a representative sam-
ple should be implemented for each type of local government
that has responsibility for streets and highways (e.g., cities,
towns, counties, and local highway districts).

One possible way of simplifying the local-level analysis
is to reduce the number of highway-functional classes to just
one for local rural areas and one for local urban areas. This
eliminates the need to develop data needed to split local ex-
penditures among several highway-functional classes; how-
ever, this raises the additional complication of preparing
data specifically for the user-defined highway classes or
preparing special tables to convert default data prepared for
the 12 functional classes to data by the user-defined highway
classes.

The federal-level analysis is very similar to the direct
state-level analysis. When compared with the local-level
analysis, it is simpler in one important way—no special sur-
vey of expenditures is necessary. The major complexity
involved in the federal analysis is that state and federal ex-
penditures should be separated from each other at the most
detailed level in preparing inputs. Ideally, this should be done
in analyzing project-level data to prepare factors for convert-
ing programmed expenditures into expenditures by cost allo-
cation category. For example, a state will normally have both
state and federal funds programmed separately for several
construction categories (e.g., interstate maintenance, Na-
tional Highway System projects, and 4R projects) and will
have to analyze a project database to develop two matrices
(for state and federal funds) to convert these programmed ex-
penditures into cost allocation categories (e.g., new pave-
ments, pavement rehabilitation, and new bridges). Similarly,
separate sets of factors should be developed for splitting state
and federal expenditures into classes of highways.

States with substantial direct federal construction programs
may choose to include these expenditures in the federal-level
analysis. Highway Statistics has data on such expenditures by
state for historical years and these can be used with appropri-
ate growth factors for a forecast year. Most of these expendi-
tures occur on lower-level rural functional classes of highway
(see http://www.fhwa.dot.gov/policy/ohpi/hss/index.htm). Re-
lationships developed for state-level construction programs
that are concentrated on these types of highways (e.g., sec-
ondary highway programs) can be used for most direct federal
construction programs.

The federal revenue attribution process should develop
revenue control totals by type of federal tax using data from

Highway Statistics for historical years with appropriate
growth factors for a forecast year.

EMERGING ISSUES AND OTHER PROGRAMS

Equity principles should logically be applied to any highway
program involving collection of substantial user fees and/or
expenditure of substantial funds for highway-related pur-
poses. A prime example of a common program of substantial
size is bond financing of highways with repayment from user
fees. In the simplest case, there is a potentially large equity
imbalance in that current highway users are the primary ben-
eficiaries and future highway users are the source of the
primary payments. Cases like this can be evaluated in equity
terms using all the relevant good practices described in these
guidelines.

Toll systems are another potentially important application
of equity principles. FHWA’s State HCAS Model was set up
specifically to conduct such an analysis because the FHWA
understood the potential for growing extensions of toll sys-
tems. Automatic toll collection systems and associated
regional fund transfer systems are now in place, and there is
growing evidence that users are accepting such systems, in
part because the user payments are more convenient.

The important thing to note when it comes to toll systems,
particularly as they are considered for widespread highway
system extensions, is that they provide the potential for real-
time payment to be made based on short-run marginal costs.
Of primary interest from an equity perspective is that the
basic supporting argument for implementing real-time vari-
able pricing is that the external or social costs of congestion
could cease to exist (to the extent that the costs are accurately
estimated and applied) and could, instead, become “internal”
highway-user costs.

High-occupancy toll (HOT) lanes also represent an emerg-
ing issue with an important equity dimension. HOT lanes are
expanding in heavily congested regions around the country.
These are the only significant operational systems for which
external congestion costs have largely, if imperfectly, been in-
ternalized. The algorithms being used in HOT lane systems
are designed to apply real-time adjustments to the tolls col-
lected so that specified levels of service will be maintained.

For toll systems and HOT lanes, the equity analysis issues
that arise are: (1) what are these short-run marginal cost-based
fees, and (2) how do they compare with the actual payments
being collected based on the algorithms being used?

Finally, the other increasingly large emerging category
involving large equity questions are PPPs. As with bond pro-
grams, a typical PPP involves up-front private capital subsi-
dizing current and near-term future users, and subsidies of
those users by future users on a long-term basis.

State Highway Cost Allocation Studies

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14178


35

WEIGHT FEES AND OTHER SPECIAL FEES

Unfortunately, many states charge weight fees and other spe-
cial fees with little or no attention to cost responsibility of the
vehicles involved. Often these fees are based only on the
administrative cost of issuing permits or registering vehicles
in special classes.

As a result of this issue, a Special Vehicle Analysis Work-
book was developed and refined in studies conducted for
several states (California, Idaho, Oregon, and Vermont), and
was incorporated in FHWA’s State HCAS Model. The
workbook provides estimates of cost responsibility and rev-
enue generated for a user-specified vehicle based on the
results of the state’s HCAS. The workbook can be used to
answer many types of “what if” questions for any selected
vehicle. A typical question might be: “What permit fees
should be charged for a particular truck configuration oper-
ating at x miles and y weight in order for it to fully cover its
cost responsibility?” Another example might be: “How
much should the registration fee (or any other fee) be in-
creased (or decreased) in order to have a truck at x registered
gross weight cover at least 95% of its cost responsibility?”

In the workbook, the user can select any type of vehicle
from a list and modify any of the characteristics associated
with the selected vehicle as desired. Unless the user specifies
different values, the special vehicle characteristics are deter-
mined using default values based on the characteristics of typ-
ical vehicles operating in the state. The user can override any
or all of these default values. At a minimum, the user must
specify the levels of government for the analysis, the vehicle
configuration, RGW, and fuel type. The workbook will then
provide default values for all other vehicle characteristics.

REGIONAL ISSUES AND POSSIBLE REGIONAL
APPROACHES TO HIGHWAY COST ALLOCATION
STUDIES 

Experience has shown that state legislators, particularly in
geographically smaller eastern states, give major attention to
the tax rates and fees in surrounding states. This is especially
true for taxes and fees applied to heavier trucks, because of
pressure to standardize taxes and fees on a regional basis.
Very large proportions of heavy trucks operate on an inter-
state basis and can easily change their base state to states with
lower flat fees (as distinct from fees based on mileage oper-
ated in each state).

This suggests that some type of regional approach to the
evaluation of tax structures might be useful. Examples of
similar efforts in the past in related highway issues include
the periodic regional conferences organized by AASHTO
and its regional affiliates and the series of regional confer-
ences and studies organized by states with the financial
support of FHWA to establish mechanisms for regional co-
operation in the administration of services to heavy interstate

truck operators. This latter category included efforts to
develop “one-stop shopping” services at specific locations or
through on-line service, both for individual states as well as
on a multi-state regional basis.

Regional cooperation in this field could lead to the actual
conduct of regional HCASs in which most or all of the analy-
ses described in the guidelines would be done on a regional
basis, including evaluation of options for improvement of the
equity of highway taxes and fees.

DEVELOPMENT AND USE OF SIMPLIFIED
HIGHWAY COST ALLOCATION STUDY
PROCEDURES

Unfortunately, relatively little has been done to develop and
refine simplified approaches to HCASs with the exception of
the work performed by Arizona as described in chapter three
and summarized in Table 6. The comparison of equity ratios
in that table shows that the simplified model produced equity
ratios that were in close agreement with the comprehensive
HCAS for autos and buses, and although not shown in that
table, were also close for the entire heavy-truck class. How-
ever, because the results produced a much higher equity ratio
for single-unit trucks (1.41 versus 0.90) and substantially
lower ratio for combination trucks (0.81 versus 0.93) sug-
gests that the simplified model might be improved by using
different sets of allocation factors for these two broad classes
of trucks. The overall approach would appear to lend itself to
easy refinements along these lines.

The Special Vehicle Analysis Workbook contained in the
FHWA State HCAS Model described previously employs a
different approach that also could be applied relatively easily
to each vehicle class (as distinct from its application to
special vehicles applying for permits or other special fee
classes), and has the advantage of producing more accurate
equity ratios because that model utilizes all of the important
results of a recent comprehensive HCAS in its internal cal-
culations of both cost responsibility and revenue payments.

The other experience of note is the sensitivity analysis
performed recently by Vermont in completing and refining
its 2006 HCAS using the FHWA State HCAS Model.
VTrans used the model to explore how sensitive the equity
results were to a variety of input factors. VTrans suggests
that this approach might be used in a more rigorously orga-
nized manner to develop a simplified model.

ALLOCATION OF EXTERNAL COSTS

The term “internal costs” includes all costs of highway-related
programs and use of highways that result in public expendi-
tures. This is to distinguish such costs from “external” or “so-
cial costs.” External costs considered in the HCAS literature
(e.g., congestion, crash costs, air and noise pollution) are
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somewhat mistakenly thought of as costs that are entirely
external to user payments and, therefore, are borne by non-
highway users (the larger society). In reality, the costs that are
usually thought of as external or social are mixed—partially
external and partially internal. For example, congestion results
in wasted fuel, which increases highway-user costs. Air pollu-
tion is an example of an external cost that is borne by society
rather than the highway user, although in some highly polluted
areas such as most of Southern California air pollution control
costs are significant public expenditures. These costs should be
included in every HCAS to the extent that they can be identi-
fied in state, regional, and local agency budgets.

The costs associated with congestion in large urban areas
have grown significantly in recent years. In 2003, congestion
resulted in 3.7 billion hours of travel delay and 2.3 billion
gallons of wasted fuel at a cost of more than $63 billion
(Schrank and Lomax 2005). Most but not all congestion costs
are borne by urban highway users through fuel costs, wasted
time, and vehicle maintenance costs.

Highway users also impose the costs associated with ve-
hicle crashes on society. How significant are these crash
costs? The Economic Cost of Motor Vehicle Crashes report
constitutes one of the major sources of crash cost information
in the United States. The report estimated the economic cost
of all motor vehicle crashes in the United States in 2000 at
$230.6 billion (Blincoe et al. 2002). This study monetized the
costs associated with 41,821 fatalities, 5.3 million non-fatal
injuries, and 28 million damaged vehicles. The study also
included a number of cost elements:

• Productivity losses, 
• Property damage, 
• Medical costs, 
• Rehabilitation costs, 
• Travel delay, 
• Legal and court costs, 
• Emergency services, 
• Insurance administration costs, and
• Costs to employers.

The costs included those associated with both police-reported
and unreported crashes. The crash costs are stratified by
severity according to the Abbreviated Injury Scale. This study
examined crash costs associated with all vehicles, including
both automobiles and heavy trucks. The average crash
cost when all vehicles are included is $14,102 (2002 dollars)
per crash.

Although significant, crash costs are partly internal
because some of them are paid for by users or public agen-
cies (e.g., insurance costs, police and highway patrol expen-
ditures, and state and local government emergency response
organizations). However, the external costs are usually much
larger than these internal costs. The largest of these in mag-
nitude is the cost of loss of life, loss of productive life owing

to injuries, and property costs not covered by insurance. The
internal or external costs are often omitted entirely from
HCASs, except for some studies where the small portion that
shows up in highway patrol or other state agency budgets is
included. 

Pollution costs vary widely depending on local environ-
mental and congestion conditions. In most areas, only a rela-
tively small proportion of total external costs are pollution
costs; however, they are a relatively high proportion in the
Los Angeles basin and in several of the largest urban areas.
Most pollution costs are true social costs. Extra fuel costs
cover only a very small portion of these costs.

Noise costs are localized and are largely internal rather
than external costs. Some highway noise does negatively af-
fect local communities, although its impact has been greatly
reduced by noise walls and is nearly entirely internalized
now for most new construction.

Allocating the external costs associated with congestion, air
pollution, noise, and vehicle crashes would add to the breadth
and completeness of HCASs, but these costs have not been
historically included in federal and state studies. Arguments
offered against the allocation of these social or external costs
have included that they are much more difficult to quantify
than direct costs and that states do not have in place a set of
user charges to cover these costs (Stowers et al. 1998).

In an addendum to the 1997 Federal HCAS, the U.S.DOT
estimated the costs associated with air pollution, crash costs,
congestion, and noise (Table 12). The economic costs asso-
ciated with air pollution are tied to the mortality, chronic
bronchitis, and other heart and respiratory diseases resulting
from the inhalation of particulate matter, ozone, nitrogen
dioxide, carbon monoxide, and ozone in vehicle emissions.
Air pollution costs were estimated based on EPA models
used to estimate the economic benefits of the Clean Air Act
and on other studies of the air pollution costs tied to vehicle
emissions (McCubbin and Delucchi 1998). When applying
this methodology to vehicle emissions, the authors per-
formed sensitivity analysis with respect to the costs associ-
ated with premature death. As shown, when including the
time, fuel, and maintenance costs associated with congestion

 Low

Congestion $16,352

Crash Costs $120,580

Air Pollution $30,300

Noise $1,214

   Total 

High

$181,635

$839,463

$349,100

$11,446

$1,533,344

Mid-Range

$61,761

$339,886

$40,443

$4,336

$446,319 $170,246

Source: US DOT 2000. 

TABLE 12
ESTIMATES FOR SOCIAL COSTS OF MOTOR
VEHICLE USE ($ MILLIONS)
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and mortality, property damage, personal injury, and other
costs associated with vehicle crashes, the total social costs of
motor vehicle use in 2000 were estimated at between $170
billion and $1.5 trillion (U.S.DOT 2000).

If highway-user fees were designed to capture the full
costs of highway use, the resulting revenue could be used to
make investments (e.g., additional noise walls, improved
clean fuel development, better air pollution control pro-
grams, development of new technologies, and better crash
response teams) that could mitigate major portions of these
external costs over time. Although some of the costs associ-
ated with these external cost categories are already internal-
ized into highway agency budgets (e.g., emergency response
costs and variable message signs), most social externalities
are not being addressed through public expenditures. Be-
cause the remediation of external costs does not generally fall
on a state’s DOT, these costs are not allocated under the tra-
ditional expenditure-based HCAS approach in many states.

Substantial uncertainties exist in the estimation of exter-
nal costs, underscoring the need for caution in identifying the
implications of including them when setting highway-user
charges. However, much can be learned from analyses of
non-agency costs of highway use. The analysis of external
costs is based on principles of economic efficiency. Ulti-
mately, if highway users are required to pay highway-user
charges equal to the costs they impose on others, then trips
that are valued less than these costs will not be made and
overall societal benefits will be maximized.

INCLUSION OF INTERNAL COSTS NOT
INCLUDED IN AGENCY EXPENDITURES

We use the term “internal costs” to include all costs of high-
way-related programs and use of highways that show up in
public expenditures during any time period. This is to distin-
guish such costs from “external” or “social” costs, which are
discussed in the previous section. Internal costs can be
divided into at least four categories, each of which could be
considered in comprehensive HCASs.

The most obvious category of internal highway costs is
current highway agency budgets and programmed expendi-
tures, such as construction, maintenance, operations, and re-
lated administrative costs. These are almost always included
in HCASs, except that federal expenditures on federal lands
and similar expenditures on streets and highways that are not
the responsibility of the state highway agency are often
excluded from state HCASs. Although these may not be the
direct responsibility of state highway agencies, excluding
them could result in a less than complete analysis of highway
expenditures in the state.

The next most closely related category of internal highway
costs is state expenditures for highway-related programs that
are not the responsibility of the state highway agency, such as

the MVA, highway patrol, public transportation operations on
streets and highways, crash response, traffic-related court
costs, and highway-user fee tax collection and enforcement.
Sometimes these expenditures are incurred by agencies in
other parts of state DOTs, sometimes in other state agencies,
and sometimes in agencies at other levels of government.
Nevertheless, their exclusion results in less of a comprehen-
sive analysis of expenditures on streets and highways.

The third category of internal highway costs are those that
can be expected to occur in the future but are not already pro-
grammed, such as the costs of deferred maintenance. These
are important costs because they are usually going to be sig-
nificantly greater than the cost savings from cutting current
maintenance program recommendations, so they could be in-
cluded in HCASs even if they are not in adopted programs or
budgets. In a typical HCAS, approved capital programs
cover five to 10 years in the future, but maintenance pro-
grams, or at least routine maintenance, are often excluded
from anything beyond current budget years. Often in the
process of developing proposed future capital programs
states will forecast future maintenance program requirements
based on projections of future factors such as future lane-
miles of highways and future maintenance costs per lane-
mile. If deferred maintenance costs are likely to result in a
significant increase in future maintenance costs per mile of
highway, these costs should be included in an HCAS.

The fourth and final category of internal highway costs are
those associated with potential expansions of highway sys-
tems beyond those included in all of the previous categories.
Traditionally, these have been identified in “highway needs
studies,” which have typically included such potential future
expenditures as upgrading portions of the highway system to
include new routes, bypasses, and conversion of older routes
to freeway standards. Such potential future expenditures have
traditionally never been included in state HCASs, except dur-
ing the early years of the development of the Interstate high-
way system. If a state wishes to give serious consideration to
such a program, HCASs could include them when sufficient
planning work has been done to provide both cost estimates
and user forecasts.

ISSUES IN DEVELOPING RECOMMENDATIONS
FOR CHANGES IN STATE TAX STRUCTURE

Experience demonstrates that state HCASs seldom if ever re-
sult in major changes in the tax structure owing to the impor-
tance of changes in tax burden to the stakehoders. As noted
in the final paragraph of chapter four: “One issue in planning
HCASs that often affect the likelihood of implementation is
the stated set of conditions for studies.” Examples were cited
of ways in which HCASs have eased the pain of recom-
mended changes in tax structure by either ensuring that no
major changes in tax rates will occur or that any significant
increase in taxes or fees will be done in a less painful way by
seeking to reach agreement on quid pro quos.
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A related approach that is sometimes done to ease pain
in making changes in tax structure in related situations is to
either stage the changes over a several year period or to just
propose incremental changes at the completion of a study
and defer further changes until the results of the next study
are available.

Another way of incrementally improving the equity of the
tax structure is to introduce some graduation of fees based on
annual mileage in a state as distinct from establishing a tax that
varies directly with mileage. Examples include having high-
mileage vehicles pay higher weight fees or higher registration

fees. A different approach used by a few states is setting a
higher diesel tax rate for high-mileage vehicles.

A final way of coping with these important practical limi-
tations is to propose small changes in tax structure targeted at
the most seriously inequitable parts of the tax structure, such
as by gradually reforming weight fees for very overweight
permit vehicles or vehicles that should be subject to special
weight fees (see the section in this chapter covering weight
fees and other special fees). This was the approach taken in
developing recommendations in the 1990 Vermont HCAS
and in a follow-up analysis of special vehicles in 1991.
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State Highway Cost Allocation Studies (HCASs) have a long
history in the United States, with in excess of 80 studies
being performed in at least 30 states over the past 70 years.
Historically, the HCAS has been an effective tool in building
equity into the state transportation tax structure. Equity is an
essential element to consider when designing an effective
transportation tax structure.

The principles underlying the HCAS continue to evolve
even as fewer studies have been done in recent years. Many
advances have been made and others proposed but not im-
plemented in state HCASs. Therefore, states are faced with
an expanding set of choices when conducting HCASs and are
challenged with the importance and relevancy of equity con-
siderations in state transportation tax structures.

This study was designed to aid states by laying the foun-
dation required to build on current thought and improve
current HCAS methods. Further, this synthesis highlights the
importance of continuing the HCAS tradition and the con-
sideration of equity in highway and related tax structures.

Most importantly, this study is designed to assist states that
are considering performing an HCAS but have not performed
a recent HCAS or have never performed one. Through a sur-
vey and literature review, it has become apparent that the
need for HCASs continues today as states examine new ways
of funding highway and related programs in response to
constraints on the growth of motor fuel taxes through market
penetration of hybrids and alternative fuels, inflation, and
enhanced motor fuel economy, and considering new alterna-
tives for addressing complex highway transportation issues.

Respondents to the survey that was completed as part of
this synthesis raised a wide range of issues concerning the
conduct of an HCAS and the following suggestions were
among those offered:

• Allow adequate time (12 to 24 months) to conduct a
thorough and accurate HCAS. Ensure that budget and
staffing resources are adequate and dedicated with cer-
tainty to completing the HCAS. This recommendation
is particularly important for states with little or no
experience in conducting HCASs.

• Meet with staff in other states to understand what level
of resources will be required and to develop an under-
standing of how the HCAS process will work.

• Identify problems inherent in the HCAS process through
discussions with other state practitioners with more ex-
perience in conducting HCASs and design steps to work
around these issues before they become a problem.

• Allocate a significant amount of up-front time and budget
to planning the study. Planning efforts should include the
determination of vehicle classes, time frame examined
within the study, data needs, and staff assignments.

• When a contractor is hired to do the study, require a de-
tailed scope of work and project schedule before the
work begins. Clearly specifying expectations up-front
is desirable because HCASs are extremely complex and
misunderstandings can lead to cost overruns.

• Consider assembling a team of in-house experts (De-
partment of Motor Vehicle staff, highway engineer,
traffic data expert, bridge engineer, finance expert,
maintenance engineer) to provide technical expertise in
support of the HCAS. Forming this team of experts will
enhance the accuracy of the study and streamline data
collection efforts.

• Consider forming a study review panel comprised of
external interested parties, including members of aca-
demia, highway users, local government, legislative
staff, and industry. Forming such a group can expose is-
sues that might not otherwise be brought to the attention
of the examiners and encourages political acceptance of
the report. (This group would serve in an advisory
capacity and not be used to determine allocation proce-
dures or establish parameters for the study.) 

• Conduct HCASs regularly, ideally every 5 to 10 years.
Dated HCASs tend to be viewed as obsolete as a result of
changes in tax structures, traffic volumes, and highway
programs. Conducting HCASs more frequently than rec-
ommended could lead to significant shifts back and forth
in study results owing to short-term analysis periods in
which impacts of highway or bridge construction pro-
grams are too sensitive to a small number of projects, re-
sulting in increased volatility in recommended tax rates.

• Consider using existing software such as the State HCAS
Model prepared by the FHWA. The issues that require
attention in applying this model are well documented and
the model is designed to allow extensive modification to
meet specific needs at the state level. Further, the model
has been tested and successfully applied at the state level.
When developing an HCAS model ensure that you
receive a commitment from information technology staff
for support.

CHAPTER SIX

CONCLUSIONS
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• Consider excluding evasion from HCASs. The use of
evasion estimates in setting tax rates and attributing
revenue often complicates HCASs and can be used to
discredit HCAS results. Evasion studies are extremely
complicated and often have not been successful in
yielding reliable results.

• A true picture of equity would dictate that all user taxes
and fees be considered in the equity ratio numerator,
regardless of how they are spent, and all roadway expen-
ditures, regardless of the source of the revenues, be in-
cluded in the denominator. It is important to know not
only if there is relative equity among highway users but
also whether they are subsidized or are subsidizing other
government functions.

• In conducting HCASs and considering what expendi-
tures or costs not included in agency budgets should be
included, the basic question is whether each expendi-
ture is either necessary to build, maintain, or operate a
highway system, or whether it is a necessary supporting
service for highway programs. If expenditures or other
costs are required for items to support the highway sys-
tem such as rest areas, noise walls, highway patrol and
police traffic control, traffic courts and driver education
programs, crash response and incident management pro-
grams, some portions of public medical and air quality
control programs, and some public transit investments,
these could appropriately be allocated to highway-user
classes.

• Examine and consider allocating the full social costs of
highway use, including costs related to congestion, air
pollution, noise, and vehicle crashes not covered by
agency budgets. These costs are borne by society, and
including them in HCASs results in a more comprehen-
sive study. To the extent that relevant fees imposed as a
result of such studies result in small adjustments to trav-
eler behavior, the practice would serve to improve high-
way transportation system efficiency. When considering
whether to include external costs, consider the data lim-
itations, the inability of user fees to remediate damage,
and other cautions noted in this report.

• At a minimum, federal and state expenditures for
highway-related programs, regardless of funding source,
and highway-user revenues, regardless of their use,
should be included in the cost allocation and revenue
attribution processes and analyzed separately, regardless
of how the results may be combined for reporting pur-
poses. There are several good reasons for including
federal revenues and federal expenditures, including the
increasing flexibility in the use of federal funds in recent
years, as well as that federal funds are heavily used for
expenditures on Interstate highways and other major
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highways that would otherwise require additional state
expenditures. Include the results in a more thorough
analysis of equity. If federal and/or local expenditures
are included in the HCAS, then federal and/or local
highway user revenues should also be included in the
study for similar reasons.

Those surveyed for this study identified many other func-
tions that HCAS products can perform in addition to ad-
dressing the question of equity between broad vehicle
classes. These functions include:

• Responding to questions from legislators, state DOT
policy makers, and others on issues related to the equity
of a state tax structure;

• Analyzing the equity and related impacts of legislative
proposals that require the state DOT’s review;

• Analysis of issues dealing with the impact of proposals
for changes in truck weight limits;

• Analysis of the impacts on cost responsibility of sub-
stantial proposed changes in the highway construction
program;

• Responding to questions about the mix of vehicle classes
using any classes of the state’s highway system; and

• Responding to equity questions arising from emerg-
ing types of systems such as area-wide tolling, high-
occupancy toll lane networks, and public-private
partnerships.

Survey respondents offered the following suggestions for
further research:

• Further develop and refine the FHWA State HCAS
model, correct errors identified in Appendix C, and up-
date with improved documentation and more extensive
vehicle class data for the entire highway system.

• Perform additional research into emerging HCAS
issues, including tolling, public-private partnerships,
regional and interstate cooperation, and allocation of
external costs (e.g., congestion, incident management,
air and noise pollution).

• Conduct a thorough examination of alternatives for
improving state HCAS practice, including methods for
expanding the number of states performing HCASs, en-
hancing funding for future HCASs, and improving the
implementation of HCAS results. 

• Prepare selected issue papers dealing with both the
organization of HCASs and their implementation, as
well as more specific technical issues involved in con-
ducting HCASs, perhaps some of them similar to those
completed in support of recent Oregon HCASs.
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ADT Average daily traffic
AMT Axle miles of travel
DMV Department of Motor Vehicles
ESAL Equivalent single-axle load
GVW Gross vehicle weight
HCAS Highway cost allocation study
HOT High-occupancy toll
IT Information technology
NAPCOM National Pavement Cost Model
NTIS National Technical Information Service
NTL National Transportation Library
PCE Passenger car equivalent

PPP Public-private partnership
RGW Registered gross weight
SMHCAS Simplified Model for Highway Cost Allocation

Studies in Arizona
STIP Statewide Transportation Improvement

Program
TIUS Truck Inventory and Use Survey
TRIS Transportation Research Information Services
VMT Vehicle-miles of travel
VTrans Vermont Agency of Transportation
VIUS Vehicle Inventory and Use Survey
WIM Weigh-in-motion
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Alternative fee—a fee that is charged to some vehicles in
place of the usual fee (e.g., a lower registration fee for
publicly owned vehicles).

Arterial—a road or highway used primarily for through
traffic.

Attributable costs—costs that are a function of vehicle size,
weight, or other operating characteristics and therefore
can be attributed to vehicle classes based on those
characteristics.

Average daily traffic—average number of vehicles passing
a given point or using a given highway per day.

Average daily truck traffic—average number of trucks
passing a given point or using a given highway per day.

Axle-miles of travel (AMT)—product of VMT multiplied
by the number of axles. Because trucks, on average, have
roughly twice as many axles as cars (i.e., four versus two),
their share of the total AMT on any given highway system
will be approximately double their share of VMT on that
system.

Axle weight or axle load—gross load carried by an axle.
Beltway—a controlled-access arterial encircling an urban

area.
Collector—a road that connects local roads with arterial

roads.
Common costs—expenditures that are independent of vehi-

cle size, weight, or other operating characteristics and so
cannot be attributed to any specific class of vehicles.
These expenditures must therefore be treated as a com-
mon responsibility of all vehicle classes and are most
typically assigned to all classes on the basis of a relative
measure of use such as VMT.

Cost allocation—the analytical process of determining the
cost responsibility of highway-system users.

Cost-occasioned approach—one that determines responsi-
bility for highway expenditures/costs based on the costs
occasioned or caused by each vehicle class. Such an
approach is not based solely on relative use, nor does it
attempt to quantify the benefits received by different
classes of road users.

Cost responsibility—based on the principle that those
who use the public roads should pay for them and, more
specifically, that payments from road users should be
in proportion to the road costs for which they are re-
sponsible. It is the proportionate share of highway costs
legitimately assignable to a given vehicle class user
group.

Cost-based approach—one in which the dollars allocated to
the vehicle classes are measures of the costs imposed
during the study period, rather than expenditures made
during the study period. The difference between the cost-
based and expenditure-based approaches is most evident
when considering large investments in long-lived structures

and when deferred maintenance moves the costs associated
with one period’s use into another period.

Cross-subsidization—a condition where some vehicles
overpay and others underpay relative to their respective
responsibilities.

Dead load—load on a bridge when it is empty.
Debt financing—funding current activities by issuing debt

to be repaid in the future.
Debt service—funds used for the repayment of previously

incurred debt (both principal and interest).
Deck—the roadway or surface of a bridge.
Depreciation—the amount of decrease in the value of a

physical asset owing to aging in a time period.
Efficiency—the degree to which potential benefits are real-

ized for a given expenditure.
Efficient pricing—a system of setting prices for the use of

highway facilities so that each vehicle pays the costs it
imposes at the time and place it is traveling. It promotes
the most efficient use of existing facilities and gener-
ates the right amount of revenue to build the most
efficient system and perform the optimal amount of
maintenance.

Equity—generally interpreted as the state of being just, im-
partial, or fair. Horizontal equity refers to the fair treat-
ment of individuals with similar circumstances. Vertical
equity refers to the fair treatment of individuals in differ-
ent circumstances.

Equity ratio—the ratio of the share of revenues paid by a
highway-user group to the share of costs imposed by that
group. A user group that meets 110% of its cost responsi-
bility would be assigned an equity ratio of 1.1. Equity
ratios above 1.0 are assigned to user groups who are
paying more than their cost-responsible share, where pay-
ments from user groups assigned equity ratios of less than
1.0 fall short of the costs imposed by the group.

Equivalent single-axle load (ESAL)—are calculated based
on the pavement stress imposed by a single axle with
an18,000-lb axle load. ESAL-miles are equivalent single-
axle loads times miles traveled. Research has concluded
that the relationship between axle weight and ESALs is an
approximate third- or fourth-power exponential relation-
ship; ESALs therefore rise rapidly with increases in axle
weight.

Excise tax—a tax levied on the production or sale of a spe-
cific item such as gasoline, diesel fuel, or vehicles.

Expenditure—the amount of money spent in a time period.
External cost—one imposed on individuals who do not use

the facility.
Federal highway funds—those collected from federal high-

way-user fees and distributed to states by the FHWA for
spending on transportation projects by state and local
governments.
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Functional classification—a system of classification of roads
according to their general use, character, or relative impor-
tance. Definitions are provided by the FHWA for Rural
Interstate, Rural Other Principal Arterial, Rural Minor
Arterial, Rural Major Collector, Rural Minor Collector,
Rural Local, Urban Interstate, Urban Other Expressway,
Urban Other Principal Arterial, Urban Minor Arterial,
Urban Collector, and Urban Local.

Functionally obsolete—a functionally obsolete bridge is
one that no longer meets minimum standards, but may
continue to operate with load restrictions.

Gross vehicle weight—the loaded weight for a vehicle.
Highway cost allocation study (HCAS)—a study that esti-

mates and compares the costs imposed and the revenues
paid by different classes of vehicles over some time
period.

Highway Performance Monitoring System—a system
whereby the FHWA collects and reports data about a
sample of road segments in every state in a common
format.

Highway user—a person responsible for the operation of a
motor vehicle in use on highways, roads, and streets. In
the case of passenger vehicles, the users are the people in
the vehicles. In the case of goods-transporting trucks, the
user is the entity transporting the goods.

Incremental cost—the additional costs associated with
building a facility to handle an additional, heavier (or
larger) class of vehicle.

Incremental method—one that assigns responsibility for
highway costs by comparing the costs of constructing and
maintaining facilities only for the lightest class of vehi-
cles and for each increment of larger and heavier vehicles.
Under this method, vehicles share the incremental cost of
a facility designed to accommodate that class as well as
the cost of each lower increment.

Light (or basic) vehicles—the lightest vehicle class, usually
including passenger cars, vans, and pickups.

Live load—the additional load on a structure by traffic
(beyond the dead load imposed by holding itself up).

Load-related costs—those costs that vary with the load
imposed by traffic on a facility.

Marginal cost—the increase in total cost that results from
producing one additional unit of output. With respect to
highway use, the marginal cost is the increase in total
highway costs that results from one additional vehicle
trip. Economic efficiency is achieved when the price
charged to the user is equal to the marginal cost.

National Highway System—a set of highways throughout
the United States that have been designated as national
highways by the federal government. The FHWA sets
design and maintenance standards and provides funding
for national highways; however, the highways are owned
by the states.

National pavement cost model—a model of pavement
costs that incorporates the wear-and-tear costs imposed by
vehicle traffic of different weights and configurations as

well as deterioration from age and environmental factors,
taking into account the soil type, road-base depth, pave-
ment material, pavement thickness, and climate zone.

Non-divisible load—large pieces of equipment or materials
that cannot be feasibly divided into smaller individual
shipments. All states issue special permits for non-
divisible loads that would otherwise violate state and
federal gross vehicle weight, axle weight, and bridge
formula limits.

Operating weight—the actual weight of a vehicle at a par-
ticular time.

Overhead costs—costs that vary in proportion to the overall
level of construction and maintenance activities, but are
not directly associated with specific projects.

Passenger car equivalent—a measure of road space effec-
tively occupied by a vehicle of a given type under given
terrain, vehicle mix, road type, and congestion conditions.
The reference unit is the standard passenger car operating
under the conditions on the road category in question.

Registered weight—the weight that determines the registra-
tion fee paid by a single-unit truck or a tractor. For a trac-
tor, it is typically the highest of that vehicle’s declared
weights.

Revenue attribution—the process of associating revenue
amounts with the classes of vehicles that produce the
revenues.

Right-of-way—the strip of land, property, or interest therein,
over which a highway or roadway is built.

Seismic retrofit—the work done on an existing structure
intended to increase its resistance to earthquakes.

Social (or indirect) costs—costs that highway users impose
on other users or on non-users. Costs typically included in
this category are those associated with noise, air, and
water pollution; traffic congestion; and injury and prop-
erty damage resulting from traffic accidents.

Span—a section of a bridge.
State highway system—comprises all roads under the juris-

diction of state agencies.
Statewide Transportation Improvement Program—a

program where each state, following federal law guide-
lines, produces and regularly updates a list of intended
future transportation improvements.

Structurally deficient—one that fails to meet the desired
level of structural integrity. Weight limits often are placed
on structurally deficient bridges.

Tax avoidance—the legal avoidance of a tax or fee.
Tax evasion—the illegal failure to pay a tax or fee.
Truck—a general term denoting a motor vehicle designed

for transportation of goods. The term includes single-unit
trucks and truck combinations.

User charge—a fee, tax, or charge that is imposed on facil-
ity users as a condition of usage.

User revenues—highway revenues raised through the impo-
sition of user charges or fees.

Value pricing—a system where prices are set in proportion
to the benefits or value received by road users.
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Vehicle class—any grouping of vehicles having similar
characteristics for cost allocation, taxation, or other pur-
poses. The number of vehicle classes used in a cost
responsibility (allocation) study will depend on the needs,
purpose, and resources of the study. Potential distinguish-
ing characteristics include weight, size, number of axles,
type of fuel, time of operation, and place of operation.
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Vehicle miles of travel—equal the sum of vehicles divided
by the number of miles each vehicle travels within a time
period. 

Vehicle registration fees—fees charged for being allowed
to operate a vehicle on public roads.

Weight-mile tax—a graduated fee based on the weight of a
vehicle and the miles the vehicle travels.
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APPENDIX A 

State Highway Cost Allocation Study Survey 

This questionnaire and the compilation of the survey results are an important part of a synthesis of Highway Cost Allocation Study 

(HCAS) experiences in recent years. Under the direction of Gail Staba of the Transportation Research Board, this synthesis is being 

performed by Patrick Balducci of Battelle and assisted by Joseph Stowers of Sydec, Inc. Their contact information is provided at the 

end of this questionnaire. They welcome your questions or contacts at any time. 

 The purpose of state-level HCASs is to determine the fair share that each class of road user should pay for the construction, 

maintenance, operation, improvement, and related costs of highways, roads, and streets in the state. Through a comparison of user fees 

paid and cost responsibilities, these studies estimate current equity and may provide recommended adjustments to existing user fees 

and tax rates to bring about a closer match between payments and cost responsibilities for each vehicle class. 

 Over 30 state governments have at some time conducted these studies to evaluate their system of state road-user charges, fees,

and taxes. Studies vary in depth and scope. To date, results have been mixed. This synthesis will compare and contrast what has been 

completed by various states and seek to provide guidance for future studies based on this experience. 

 Both federal and state highway agencies utilize HCASs to evaluate their revenue systems and to maintain a cost-based user 

system because 

• It promotes equity: The users of a highway system that utilizes cost-based finance pay for what they use. 

• It encourages cost-effective use of the road system: Users respond to the costs they face, and may choose vehicle types, 

intensity, patterns of use, and other factors in response to these assigned costs. 

• It fosters financial sustainability and/or self-sufficiency: By linking cost to user charges, a cost-based system generates 

revenues needed to develop and maintain the required road system. 

States have adapted a wide variety of techniques and conventions to estimate highway use and the payment of user fees by 

vehicle classes. All states and user groups would benefit from a review and comparison of the highway cost allocation methods. This 

review is particularly important at this time because states are considering new or enhanced revenue sources to meet needs. New

transportation technologies and revenue initiatives add opportunities and uncertainty. 

Please note that in Part I of the questionnaire we ask for contact information for possible follow-up questions, and we ask for

each state’s consideration of using multiple contacts if that is appropriate. Also note that we are asking for responses to a few questions 

from states that have never conducted an HCAS. 

Part I Responsibility for Highway Cost Allocation Studies (HCASs) and Related Work 

(a) What unit of your agency is responsible for HCASs and related work? 

(b) What person in that unit is currently responsible and/or is the best contact person? 

                  Telephone:                       E-mail address:       

(c)            Are other units of your agency or other agencies responsible for parts of such studies or for closely related work? Please 

consider obtaining response(s) to one or more questions from other important contacts. 
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Organization:         :noitamrofni tcatnoC      

Other:    :noitamrofni tcatnoC      

(d)        Person(s) responding to this questionnaire:__________ 

Contact information: ___________________

Contact information: ___________  

Part II Highway Cost Allocation Studies Completed or Planned 

(e) Has your state performed an HCAS since 1982? 

 Yes Please continue with question (f) 

 No Please skim the questions that follow and respond if appropriate, then answer questions (s) and (x) in 

Part III 

(f) Dates of HCASs performed since 1982 (date of a major benchmark Federal HCAS report) in your state: 

(Please list years of most recent HCAS-related reports completed.) 

(g) Were any of these reports status reports, updates rather than complete new studies, procedural or methodology 

reports, etc.? 

(h) Did your state complete any major benchmark HCASs or related work prior to 1982? 

What was the special importance of that (those) effort(s)? 

(i) In your state’s most recent HCAS, what levels of government were separately analyzed in terms of source of funds 

versus cost responsibility? 

 State funds and state highways only 

 State and federal funds combined only 

 State and federal funds analyzed separately 

 State, federal, and local funds analyzed separately 

 Other:      

(j) Were any of your state’s previous HCASs different in terms of the levels of government separately analyzed? 

 Yes (please specify below.) 

 No 
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Year of Study

  State funds and state highways only 

  State and federal funds combined only 

  State and federal funds analyzed separately 

  State, federal, and local funds analyzed separately 

  Other:  

(k) Have any of your HCASs included analyses of unmet needs, the long-term costs of deferred maintenance, etc.? If so, 

please provide a brief description of what was done and contact information: 

(l) Have any of your HCASs involved consideration of costs to users versus costs to non-users? If so, please provide a 

brief note on what was done and any available citation: 

(m) Have any of your HCASs involved consideration of non-user taxes and fees to support highway transportation? If so, 

please provide a brief note on what was done and any available citation: 

(n) Please provide links to any reports noted within this section if available, or send a copy of each report to the name and 

return address listed at the end of this questionnaire. 

(o) Please identify any consultants that were responsible for each of these studies or portions of the studies: 

Name:       Year:  

  Responsibilities:  

  Contact Information:  

Name:       Year:  

  Responsibilities:  

  Contact Information:  

(p) Please list any special surveys or major data collection efforts done as part of HCASs: 

(q) Please estimate the approximate cost and/or level of staff effort required for these studies. 

State Highway Cost Allocation Studies

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14178


52

Part III Questions Related to Highway Cost Allocation Studies 

(r) Were the HCASs done as an initiative of the state’s DOT?   Yes   No 

  As an initiative of other agencies?   Yes   No

  By mandate or request of the legislature or other officials?   Yes   No 

(s) Why were the studies done? (Check as many boxes as appropriate.) 

 To determine whether the state’s taxes and fees were equitable 

 To adjust tax and fee rates to be more equitable 

 To respond to questions raised by  

 legislature 

 governor 

 others 

 Other:  

If none were done, why not? 

   Lack of technical expertise or experience 

   Too costly and time-consuming 

 No issues have arisen calling for such studies 

 Other:  

(t) What has been the impact of the HCASs? (Check as many boxes as appropriate and add comments to clarify as 

desired.) 

 Helpful in developing recommendations for changes in user fees or tax rates:  

 Effective in getting support for improvements in the equity of the tax structure in the legislature and/or 

other officials:      

 Helpful in planning other related work:  

 No impact:  

 Other:  

(u) Are you aware of any recent efforts to extend HCASs to include analysis of externalities such as those listed below? 

If so, please check appropriate boxes and provide relevant information on type of effort and contacts. 

   Congestion:  

   Air pollution:       

 Noise:       

 Health and damage (injuries, fatalities, loss of productivity and property damage):  

 Other:  

State Highway Cost Allocation Studies

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14178


53

(v) Are you aware of any recent work being done that might be helpful in extending HCASs to deal properly with 

emerging new approaches? If so, please provide relevant information on type of effort and contacts. 

 Highway finance:  

   Public-private partnerships:  

   Toll systems:  

 High-occupancy toll lane systems:  

  Other:  

(w) Optional question; all responses will be kept strictly confidential with no attribution to specific states. Would you be 

willing to make a brief assessment of the quality of your state’s most recent HCASs, perhaps pointing out strengths 

and shortcomings, if any? Please rate the work from (1) Excellent, to (2) Good, to (3) Average, to (4) Needs 

Improvement or Has Some Weaknesses, to (5) Not Successful, Poor, or Caused More Problems Than It Solved. 

Provide strengths and shortcoming or any elaboration on your responses in the space following each topic name. 

1    2     3     4    5 

 Technical methods and data:       

 Accuracy of the methods:  

 Credibility of work among the stakeholders:  

 Coverage of vehicle classes, etc.:       

 Coverage of all relevant funding sources, fees, and taxes:  

 Handling of important special revenue factors, such as tax- or fee-exempt or 

partially-exempt vehicles:  

 Other:  

(x) What would be most helpful to you in terms of planning and conducting future HCASs? (Please check as many 

boxes as appropriate.) 

 Improved guidelines:  

 Copies of previous HCAS reports from other states:  

 Software:  

 Conference(s), networking, and/or federal workshops:       

 Other:  

Please add any advice you may have for states considering, or about to start, an HCAS: 
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Part IV  Thank you for completing this questionnaire! Please return it and any reports [see Part II (N) above] by 

March 9 to: 

Patrick Balducci 

Senior Economist 

Battelle Memorial Institute 

620 SW 5th Avenue

Portland, Oregon  97204 

Phone: (503) 238-7483 

Fax: (503) 238-7501 

Cell: (503) 679-7316 

Balduccip@Battelle.org 

Other Important Contact Information: 

Gail R. Staba, AICP 

Senior Program Officer  

Airport Cooperative Research Program  

National Cooperative Highway Research Program  

Transportation Research Board  

The National Academies  

500 Fifth Street, NW  

Washington, D.C.  20001  

Phone: (202) 334-2116  

Fax: (202) 334-2081  

Cell: (415) 305-5380  

gstaba@nas.edu  

www.trb.org 

Joseph Stowers 

President, Sydec, Inc. 

1612 Washington Plaza N. 

Reston, Virginia  20190 

Phone: (703) 742-0707 

Fax: (703) 742-0790 

Home phone:  (703) 437-3870 

Sydec@Patriot.net 
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APPENDIX B 

Summary of Survey Results 

Part I. Background Information 

(a) What unit of your agency is responsible for HCASs and related work? 

Responses 

 31 tinu gnimmargorp & gninnalP

 4 tinu laicnaniF

 1 denibmoc 2 & 1

 1 tinu yciloP

 1 denibmoc 4 & 1

Other unit 7

 1 stinu elpitluM

     Total 28

Part II. Highway Cost Allocation Studies Completed or Planned

       (e)  Has your state performed an HCAS since 1982? 

 sesnopseR 

 91 seY

 41 oN

 33 latoT     

(f) HCASs performed since 1982 (date of a major benchmark Federal HCAS report) in your state. 

 setatS sesnopseR 

States performing one study only 9 
Alaska, Delaware, Florida, Kansas, Maryland, 
New Mexico, New York, Pennsylvania, 
Wyoming 

States performing two studies 
6 California, Idaho, Missouri, Montana, Virginia, 

Wisconsin 

States performing three studies 0  

States performing four studies 1 Vermont 

States performing five studies 2 Kentucky, Arizona 
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States performing more than five studies 2 Oregon (15), Nevada (6) 

 20Total states

 56Total studies

(h) Did your state complete any major benchmark HCASs or related work prior to 1982? 

 Responses States 

Yes 6 
New York, North Carolina, Oregon, Virginia, 

Washington, Wyoming 

No 24  

     Total 30  

(i) In your state’s most recent HCAS, what levels of government were separately analyzed in terms of sources of funds 

versus cost responsibility? 

 sesnopseR 

 5 ylno yawhgih etats dna sdnuf etatS

 8 ylno denibmoc sdnuf laredef dna etatS

 1 yletarapes dezylana sdnuf laredef dna etatS

 3 yletarapes dezylana sdnuf lacol dna ,laredef ,etatS

 2 ylno denibmoc sdnuf lacol dna ,laredef ,etats :rehtO

 91 latoT     

(k)   Have any of your HCASs included analyses of unmet needs, the long-term costs of deferred maintenance, etc.? 

 sesnopseR 

 3 seY

 61 oN

 91 latoT     

       Comments related to Question (k): 

1.

Nevada: Unmet needs, yes. Deferred maintenance, no. Our 10-year transportation plan was used to analyze future 

construction needs. We assumed that all those projects would be funded, even though funding at the time was 

inadequate to do so. We also assumed that preservation work would be fully funded and based our future needs on our 

biennial State Highway Preservations Reports. 
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2. North Carolina: North Carolina used it to justify a bond issue in the 1970s. 

3
Oregon: The 1974 and 1980 studies analyzed alternative expenditure levels beyond the base (expected 

expenditure level based on existing tax rates) budget. 

(l) Have any of your HCASs involved consideration of costs to users versus costs to non-users? 

 sesnopseR 

 0 seY

 81 oN

     Total 18 

(m) Have any of your HCASs considered non-user taxes and fees? 

 Responses States 

Yes 4 California, Idaho, Nevada, Oregon 

No 14  

     Total 18  

(p) Please list any special surveys or major data collection efforts done as part of HCASs: 

Responses 

 5Special surveys of local governments’ highway expenditures by type

Updated financial data and ran reports 1

 1 snoitarugifnoc elcihev ,)MIW( noitom-ni-hgieW

 2 atad elim-thgiew ,selcihev deretsiger ,ciffarT

 1 yevrus noitacolla erutidnepxe tnemnrevog lacoL

 1 seiduts thgiew kcurt laicepS

 1 seiduts egamad erit deddutS

Flat fee studies 1

 1 seiduts ytilibisnopser tsoc egnahcretni dna ,egdirb ,tnemevaP

     Total 14

Comments related to Question (p): 

1. Arizona:  Updated financial data and ran reports 

2. California: Local government surveys for each HCAS 

3. Idaho: WIM and vehicle configurations 
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4. Montana: Significant effort in compiling traffic data and compiling registered vehicle information 

5.
Nevada: Routine HPMS data collection for traffic;  special analyses of miles traveled, ESAL-miles 

traveled, and ton-miles traveled by various vehicle classifications 

6.
Oregon: Local government survey; special truck weight survey; studded tire studies; flat fee study; 

pavement, bridge, and interchange cost responsibility studies 

7.
Virginia: A special survey was done to obtain (vehicle weight * VMT data); it was referred to as the 

“summer survey” in the 1991 study report 

8. Wisconsin: Special study of axle weights by registered vehicle weight class 

(q). Please estimate the approximate cost and/or level of staff effort required for these studies. 

 sesnopseR 

 3 000,001$ rednU

 2 000,002$–000,001$

 1 000,053$–000,002$

 4 000,005$–000,053$

 2 shtnom-nosrep 5–4

 1 sraey 3 ,ecrof ksat nam-5

A few days of in-house staff    time 1 

 41 latoT     

Part III.  Questions Related to Highway Cost Allocation Studies 

(r) What entity initiated the demand for an HCAS? 

 sesnopseR 

 41 TOD s’etats eht fo evitaitini na sa enod sSACH

 0 seicnega rehto fo evitaitini na sA

 11 slaiciffo rehto fo erutalsigel eht fo tseuqer ro etadnam yB

 52 latoT     
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 62 elbatiuqe erew seef dna sexat fi enimreted oT

 21 elbatiuqe erom eb ot setar eef dna sexat tsujda oT

 )31( :srehto yb desiar snoitseuq ot dnopser oT

 11 erutalsigeL

 0 ronrevoG

Other (California: requirement of 1991 ISTEA) 2 

 15 latoT     

If none were done, why not? 

 sesnopseR 

 1 ecneirepxe ro esitrepxe lacinhcet fo kcaL

 2 gnimusnoc emit dna yltsoc ooT

 8 seiduts hcus rof gnillac nesira evah seussi oN

 1 rehtO

 21 latoT     

(t)   What has been the impact of the HCASs? 

Responses 

Helpful in developing recommendations for changes in user fees or tax 

   rates 
13

Effective in getting support for improvements in the equity of the tax 

   structure in the legislature and/or with other officials 
3

 5 krow detaler rehto gninnalp ni lufpleH

No impact 4

Other 4

     Total 29

Comments related to the “other” response in Question (t): 

1. Florida:  Impact unknown at this time. 

2.
Kansas:  The study was helpful during development of the Comprehensive Highway Program to 
verify the equity of user fees between vehicle classes. 

(s) Why were the studies done? 

 sesnopseR 
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3.

Nevada:  The studies provided detailed understanding of tax laws and tax collection to aid in 
making substantive and effective changes in tax collection (e.g., reducing evasion, developing an 
on-line oversize/overweight permit system, and improved customer service by moving highway-
fund tax collections to a single agency). 

4.

Oregon:  This was particularly important in the 1980s and early 1990s when a series of legislative 
measures were successful in raising Oregon’s fuels tax rate from 7 cents to 24 cents per gallon and 
increasing the truck tax rates proportionately to maintain the proper, cost-responsible balance of 
payments from light and heavy vehicles. 

5.

Virginia:  The 1991 HCAS promoted interest in development of more precise tools and data 
collection/storage systems for use in periodic cases, as well as legislative action to increase user fees 
on the motor carrier sector. A subsequent study (1992) was commissioned to evaluate pavement 
deterioration methodologies, propose better data management, and examine tax equity proposals for 
motor carriers. Interest declined between 1992 and the present. 

(v) Are you aware of any work extending HCASs to deal with emerging new approaches? 

 sesnopseR 

 2 ecnanif yawhgiH

Public-private partnerships 1 

 1 smetsys lloT

High-occupancy toll lane systems 0 

 3 :rehtO

 7 latoT        

Comments related to the “other” response in Question (v): 

1.
Arizona: Any new revenue sources should be attributed to vehicle classes paying them, with costs 

attributed to vehicles that occasion them 

2.
Oregon:  Monitoring a Road-User-Fee Task Force Pilot Program currently testing the feasibility of 

using a mileage-based fee to eventually replace the fuels tax in Oregon 

3.
Virginia: Distributions of truck operating weights for given registered weights might be available 

from WIM data 

(w) Please rate the quality of your state’s most recent HCAS. 

 rooP kaeW egarevA dooG tnellecxE 

Technical; methods and data 1 6 3   

Accuracy of the methods 2 6 2   

0 0

0 0

S t a t e  H i g h w a y  C o s t  A l l o c a t i o n  S t u d i e s

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Credibility of work among stakeholders 2 4 1 3                 0  

Coverage of vehicle classes 2 4 3 1  0

Coverage of all relevant funding sources, 

fees, and taxes 
3 4 3 0 0 

Handling of special revenue factors 1 4 4 1   0

05618211latoT

(x)  What would be most helpful to you in conducting future HCASs? 

sesnopseR

51senilediugdevorpmI

81setatsrehtomorfstroperSACHfoseipoC

51erawtfoS

Conference(s), networking, and/or federal workshops 14 

13rehtO

75Total responses

Comments related to the “other” response in Question (x): 

4.          Michigan:  Engineering knowledge about the effect of trucks with Michigan’s weight limits. 

7.  Ohio: Ohio would just refer to national studies or studies from other states. 

1. Arizona: If you cannot afford to conduct full-fledged HCASs on a frequent basis (at least once every five 

years) you should consider using a simplified methodology. As time passes, older HCASs can be criticized 

or dismissed as “obsolete” given new traffic and new construction.

2.  California:  AASHTO should consider recommendations to guide states considering future HCASs and 
related studies. 

3. Idaho: Before starting study, contact other states to establish guidelines for study and develop understand-

ing of the process, don’t rely on consultants alone. The state must have a deep understanding of the process 

and potential outcomes before beginning.

5. Montana: Assure you have adequate staffing resources and access to the data you need before you start. 

Not having good quality data can be extremely dangerous. 

6.  Nevada:  Legislative action consistent with the study results to motivate us to conduct additional studies. 

If the study results will be ignored, don’t conduct one. It’s too big an effort to satisfy your curiosity. 

However, if you believe it will be a valuable tool for progress (whether in terms of developing equitable 

tax policy, building better traffic information, or exposing significant data collection or analysis 

weaknesses), then the rigors are worth it. you have adequate staffing resources and access to the data you 

need before you start. Not having good quality data can be extremely dangerous. 
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8. Oregon: Allow adequate time for completion of the study and any follow-up analyses requested by state 

administrators, legislators, legislative staff, etc. Also ensure the staff resources and budget for the study 

are adequate, particularly for a first-time effort that will tend to be more costly than a continuing effort.

 Talk to/meet with staff in other states that have done such studies to get an informed idea of what will be 

required, what data sources will be needed, problems likely to been encountered, potential ways to work 

around these problems, how best to present the study results, and gain political acceptance for these 

results, etc. 

 Devote a significant amount of up-front time to planning the study, including determining exactly what 

issues the study is to address and what questions it will be designed to answer; deciding on the vehicle 

classes to be analyzed and which expenditures and revenues to include; preparing a list(s) of the numerous 

data elements that will be required and determining whether the data are available and, if so, from where 

and how long it will take to be obtained; and deciding whether it will be more cost-effective to do the study 

in-house or have it performed by consultants (although there are exceptions, as a general rule, a state 

considering doing a first-time HCAS will often find it preferable to rely on consultants). 

 If the study is contracted out, require that the selected contractor provide a detailed work plan and 

projected schedule before beginning any actual work on the study. These studies tend to be costly and it is 

very important that the potential for any misunderstanding of what is expected of the contractor be 

minimized right from the beginning by clear and effective communication. 

 If doing the study in-house, prior to the actual commencement of work on the study, form a technical 

advisory team composed of internal, subject-matter experts (e.g., a pavement engineer, a bridge engineer, 

a maintenance engineer, an agency budget officer, etc.) to provide guidance and technical expertise for the 

study. This will pay great dividends when it comes time to ask these same individuals for data, analyses, 

or other information required for the study.

 Regardless of whether the study will be done in-house or by consultants, also form (again, prior to 

commencement of work on the study) a study review or advisory group composed of external stakeholders 

and other interested parties (e.g., a representative of the state trucking association, a representative of the 

automobile association, a representative of local governments, one or two academics, subject-matter 

experts from local universities, and a legislative staff person or even a couple of selected legislators such 

as the chairs of the committees dealing with transportation and revenue matters). Forming such a group 

and having them meet on a regular basis to advise on and provide guidance for the study will not guarantee 

political acceptance of the study results and recommendations, but it will most certainly help in this 

regard. If this type of group becomes too large, however, it can become cumbersome, dysfunctional, and 

actually work to discourage rather than encourage political acceptance of the study results. It is therefore 

recommended such a group be kept relatively small—10 to 15 members is in most cases the ideal size.

9.  Utah: UDOT is interested in the results of this synthesis report. 
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10. Vermont: Assemble a team of people representing the areas of expertise required for a successful HCAS. 

For VTrans, that included the Budget Office, DMV staff, Highway Research, and Traffic Research. The 

effort had high level support from the Directors because it was required by the legislature for the 2006 

session.

 If possible, use existing software. VTrans found that the free FHWA HCAS software covered our needs. 

Regarding the FHWA software:

  - Review the Vermont recommendations that were submitted to the FHWA that outlines some of 

  the problems to watch out for.

  - Run the software with the default data to make sure it works in your environment.

  -  Get a commitment from the IT staff for support.

  - Run the system frequently as you add expenditure and revenue information. Make sure that all

  input is accurately reflected in the output reports. Frequent execution of the system makes i 

  it easier to diagnose problems.

 The legislature requested the HCAS study; however, it had little effect on the final fee bill. I testified about 

the study at the House Ways & Means Committee, the House Transportation Committee, and the Senate 

Transportation Committee. VTrans wanted fees that would hit trucks harder, but that is politically 

sensitive. Several legislators commented that increases in truck fees would simply be passed on to 

Vermont consumers. Additionally, they did not want Vermont to get out of line with the surrounding states 

of New Hampshire, New York, and Massachusetts.

 Several fee proposals were discussed. We ran HCAS with the increased revenue and reported on which 

class of users would pay.

 We were surprised at the differences in equity rations (1.27 for two-axle vehicles and 0.55 for trucks. Light 

vehicles are over paying, and heavy vehicles are underpaying.) Our approach was reviewed by a consul-

tant, Joe Stowers of Sydec, and we feel the results are accurate.

 One possible reason for the truck underpayment is that the VTrans’ budget is heavily dependent on federal 

funding (55%); therefore, the expenditure side of the equation is tilted toward truck corridors, NHS and 

Interstate. Trucks get more benefit in the VTrans programs. Also, our rural state does not have expensive 

congestion mitigation expenditures that would fall primarily on automobiles.

 Someone representing the trucking industry was at each testimony session; however, I am not aware of 

any behind-the-scenes trucking industry participation in the process.

 We diligently tried to apply the correct allocation rules and fine-tune the tables so that we could defend 

the system if necessary. The final results, however, were not very sensitive to many of the rules in the 

FHWA HCAS. (Arizona’s simplified HCAS approach is of interest to us if we conduct another study.)

 There were no challenges to the HCAS results. Most of the legislative debate centered on the 

VTrans/DMV proposal to reduce the amount of money transferred from the Transportation Fund to the 

Education Fund. (The final bill reduced the Education Fund transfer and raised numerous DMV fees.) The 

equity ratios moved only one percentage point towards equity for both light and heavy vehicles.
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 I estimate the study took about four to five person months of effort including working with the 

software. Another study would be easier now that we know what to collect and what is important. 

Although the project was completed by inhouse staff, we had a consultant review our approach, meet 

with several agency staff, and fix a software problem.  

11. Virginia: FHWA Office of Policy can provide a state highway cost allocation tool on CD-ROM that 

was developed by consultants. Could be very useful if a state’s data are compatible with the tool.

12.  Washington:  No future HCASs are planned. 

13.  Wyoming:  Improved documentation from FHWA for the software they developed. More extensive 

vehicle class data for the entire state highway system. 
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Excerpts from a letter from Bart Selle, State of Vermont to Joseph
R Stowers, Sydec, Inc., dated November 28, 2005.

Vermont is successfully running FHWA’s State Highway Cost
Analysis System (HCAS). This letter describes the problems we
encountered, and suggests improvements to the HCAS software.
Problems are:

1. Directory location of the programs CostAlloc, Rev&Tables,
and DefaultData:
The documentation recommends placing the HCAS soft-
ware in the Excel default directory; however, users still
might get an error if they open HCAS from the Excel most-
recently-used-file list. One solution is to always navigate to
the HCAS spreadsheet from Excel.

2. Rev&Tables file names in the BasicQuestions worksheet:
Is there a reason why the user must change the file names in
the BasicQuestions worksheet? Could the file names be syn-
chronized with actual names on the FHWA CD? That would
facilitate testing HCAS “out of the box.”

3. CostAlloc state code in 2H AllocationFactorsState:
Six state codes generate a Visual Basic “Run-time Error
13.” Sydec fixed the problem for VT, but I believe the prob-
lem still exists for other states.

4. Rev&Tables Other Permits (Cell D22) in 1B StateRevCon-
trols worksheet:
The “light vehicle” Other Permits cell cannot be zero (Cell
D22). A small value solves the problem.

5. Rev&Tables vehicle miles traveled information in 1F User-
RevenueData worksheet:
Vermont collects VMT information on 12 vehicle classes.
We do not allow large doubles or triples on Vermont high-
ways; however, zeros for the DS7 vehicle type generates a
visual basic error. The solution is to enter a small value such
as 0.00001 for the DS7s.

6. Rev&Tables diesel tax rate in 2D LocalTaxRates worksheet:
The diesel tax rate value (cell C9) cannot be zero, or it will
generate a visual basic error. A zero triggers an “N/A” entry
in the tax evasion cells starting at C32. That alpha data
causes a VB error in later calculations. The solution is to put
in a very small number in cell C9.

7. CostAlloc traffic fatality information in the 4F MiscCost-
Data worksheet:
HCAS does not seem to use the traffic fatality information.
To test it, I entered large numbers in the thousands, but it
had no effect on the result. If it is not needed, HCAS should
not ask for it.

8. Rev&Tables state tax rates in 2B StateTaxRates worksheet:
It’s not clear where the tax rate information is used. It seems
to have no effect on the results. Revenue comes from the 1B
StateRevControls worksheet. It is not calculated from the
tax rates.

9. CostAlloc operating gross weight in the 4C OGWDist work-
sheet:
We calculated operating-gross-weight-by-vehicle-type
from Vermont WIM data, and replaced the default OGW
table. If the weight ranges in the new table do not exactly
match the default weight ranges, the user will get “Bad
(vehicle type code)” warning messages when executing
the CalcRGOG on the 2H AllocationFactors worksheet.
Although it is just a warning message, it would be helpful if
it were documented.

10. “#REF” in 1F UserRevenueData in Rev&Tables:
The table starting at cell BR60 has “#REF” in all the cells.
It doesn’t seem to adversely affect anything, but it is a dis-
traction. You provided a fix for Vermont’s version, but that
fix should be put in the FHWA version, too.

11. Rev&Tables report options in 2G TableSpec:
“Option 1” reports on 12 vehicle types, but it produces incor-
rect results on the cost side. The costs in Table 4 are shifted
and have different values when compared to the correct costs
in Table 3. Use “Option 2” for 20 vehicle types instead.
“Option 5” and “Option 7” for operating-gross-weight reports
do not allocate the correct expenditure amount. “Option 3”
appears to work OK.

Other advice to a new HCAS user is

• Run the system exactly as delivered by the FHWA to prove
that it works in your environment.

• Run the system whenever anything changes. Frequently recon-
cile the revenue and costs reports to the source worksheets.
Problems are much easier to track if you haven’t changed much
since the last successful execution.

• Be very careful when deleting or zeroing out cells. If you
inadvertently hit a space key, subsequent programs might
generate a visual basic error. (A “space” and “delete” look
the same.)

• Many options do not have a significant impact on the results.
Determine how sensitive the results are before spending
excessive time refining data.

Run HCAS on the fastest processor available. It will consume
100% of the cycles when executing.

APPENDIX C

VTrans Issues with Federal Highway Administration State Highway
Cost Allocation Study Software
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Abbreviations used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA Air Transport Association
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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