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PREFACE

he Executive Committee of the Transportation Research Board commissioned this paper to

do three things. First, develop and propose concepts for research and demonstration
programs to test the technical and political feasibility of road use metering and mileage charging.
Second, develop and expand upon the recommendations of TRB Special Report 285: The Fuel
Tax and Alternatives for Transportation Funding for creating a structure to support the conduct
of trials or pilot projects by individual states with federal leadership and funding aid. Third,
develop cost estimates for the demonstrations and related research to design and implement the
trias.

The authors present this paper in two parts. The authorsintend Part One to facilitate
understanding among policymakers and researchers of the decision making necessary for
constructing an acceptable mileage charging system and, further, to present the mileage charging
system devel opment already accomplished and the research in progress or completed. Part Two
proposes additional research to fill knowledge gaps and obtain the data and information
necessary for policymakers and researchers to reach a knowledge level for the opportunity at
hand sufficient to enable legidlative action.

Part One assists the reader in understanding the mileage charging policy analysisin the
context of completed research or underway and the resulting system possibilities. In Chapter 1,
the authors lay out the necessary elements for consideration in creating mileage charge systems.
In Chapter 2, the authors present the basic options for comprehensive mileage charge systems
flexible enough to evolve as public policies change. The authors describe central billing,
piggybacking upon existing payment systems including pay-at-the-pump and an integrated
approach. The authors also describe an introductory system for electric vehicles and home
fueled vehicles and a separate system for heavy commercial vehicles. In Chapter 3, the authors
describe the rate structuring possibilities for mileage-based charges.

Many mileage charge system options do not enable early adoption. Therefore, the
authors analyze some options for quick implementation of mileage charging in the United States
in Chapter 4.

Without understanding the fundamentals of Part One, the Part Two research would be
unhinged and directionless. Chapter 5 lays out various governance issues for mileage charging,
including which entities should create and operate the system and the various revenue generation
and allocation issues, aswell as federal and state system integration issues. In Chapter 6, the
authors suggest research comparing various system options and federal applications. This
chapter also reviews research recently concluded or now underway on technology and systems
for mileage charging, noting research gaps and proposing resol ution.

Chapter 7 discusses the most critical research component for mileage charge adoption in
the United States—public acceptance. Chapter 8 proposes research on the impacts of mileage-
based charges to society in general as well as societal systems.

Chapter 9 proposes a national investigation of mileage-based charging, including a
defined set of pilot programs that upon completion will support broad scal e implementation of
mileage-based charging either on a national basis or on a state by state basis. Chapter 10
provides conclusions and fundamental recommendations.
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Since no one knows which governmental jurisdiction will generate the political will to
implement the nation’ sfirst mileage charging system, the authors present this paper for generic
application. The considerations and recommendations mentioned in this paper should apply
equally to federal, individual state or multi-state applications, though some elements may only
have application in a single context.

DISCLAIMER

The analysis presented in this paper goes beyond policies adopted by the Oregon Department of
Transportation, the Oregon Transportation Commission and the State of Oregon. All statements,
assessments, assertions, conclusions, proposals and recommendations are entirely those of the
authors.



EXECUTIVE SUMMARY

This nation’ s ability to address some of the compelling challenges of our age— adequacy of
transportation, climate change and energy independence-will depend considerably on how we
finance our transportation infrastructure. Leading national policymakers now support a mileage-
based charging system as necessary to our nation’s transportation future.

Several questions arise. Which public policy and technical issues must policymakers
consider for amileage-based charging system? How might the nation best manage a transition
from state and federal fuel taxes to mileage-based charges? How will a mileage charging system
achieve public acceptance? The answerswill determine the pathway forward and ultimately
change how we fund and use our transportation systems. A better understanding of these issues
should result in appropriate public policies, fewer unintended consequences, and greater benefits
for society.

RATIONALE FOR MOVEMENT TO MILEAGE-BASED USER FEES

Long the bulwark for road funding, the fuelstax is now dying along, slow death. Highly fuel-
efficient vehicles now appear on the nation’ s roadways with even more efficient versions
coming, including some that do not use liquid fuel at all. A mileage-based charging system can
effectively address erosion of road revenue and other societal challenges such as roadway
congestion and environmental protection, provided system design alowsfor it. Fortunately,
today’ s computers, databases and wirel ess communications systems now provide the opportunity
to design, develop and implement a new road system that can flexibly accommodate a variety of
public policy goals.

The authors recommend a National Investigation asthe first step to charging by the mile.
While the U.S. Department of Transportation has provided funding for afew mileage charge
investigations, the agency has yet to take aformal active rolein policy, technology or system
development for mileage-based charging. This nation requires federal |eadership to develop a
policy framework necessary to address national issues such as cross-border travel, system
interoperability and standardization across states. The mere dependency of the Federal Highway
Trust Fund on fuel taxes provides compelling justification for federal leadership. If such
leadership is not forthcoming, states will have to forge ahead on their own.

A national investigation of mileage charging should include atimeline for completion of
development and involve a policy oversight body and national-level interdisciplinary project
teams undertaking concurrent investigations. The following research and development program
would cost between $70 and $80 million:

e Determine the advisability of replacing or augmenting the fuels tax with a mileage-
based charge and, if so, develop the outlines of the preferred system architecture and identify
pivotal research questions and developmental activities. ($5 million)

e Make policy recommendations, finalize the recommended system architecture and
determine alikely rate structure. ($7 million)
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e Refine system technology to commercial viability. Conduct several pilot
demonstration projects for testing system variations and filling knowledge gaps, including a
broad scale pilot program in preparation for ultimate adoption. Identify transition steps. ($60
million)

These efforts should receive full funding and staffing and the regulatory freedom to
proceed expeditiously. The U.S. Secretary of Transportation should have authority to impose
minimum system requirements upon the automotive industry prior to completion of
development. This mandate should require automakers to either install mileage charging devices
meeting identified requirements or accommodate easy installation of certified after-market
equipment.

KEY STRUCTURAL CONSIDERATIONS FOR MILEAGE CHARGING
Key issues for resolution before mileage-based charging can proceed to adoption:

Minimum system requirements
Technology choices

Collection system design

Cost of collection
Accommodation of cash payers
Privacy protection

Transition

System flexibility

Rate structuring

Minimum System Requirements
A mileage-based charging system must do six things:

Calculate miles driven (distance metering)
Access the mileage data (communications)
Apply mileage charge rates (data processing)
Provide a billing to motorist (invoicing)
Receive and ensure payment from the motorist (collections)
e Support effective deterrents and actions against evaders and delinquents
(enforcement)

These minimum requirements do not imply one unique system. Electronic collection of
mileage charges however, will provide the most cost effective, efficient and robust system. Over
time, many different devices and systems may meet these high level requirements and obtain
approval by agoverning body for use.
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Technology Choices

Policy, not technology, should guide system design. Nor should policymakers hamper system
evolution with specific technology choices. A complete transition from fuel taxesto mileage
charges may take many years. In that time, appropriate technologies will evolve and improved
systems will emerge. Closed systems may not be able to adjust effectively. Open systems on the
other hand, can embrace change and foster innovation. Defining minimum system and
technology certification requirements could yield system flexibility that enables technol ogy
change and system evolution. Published standards would allow voluntary adoption of mileage
charging equipment. Any mileage charging system must allow auditing and an ability to identify
tampering.

Mandated retrofitting of vehicles with specific mileage counting equipment will prove
problematic and expensive. Relying on vehicle turnover alone however, could result in a 20-year
transition period. Voluntary adoption of after-market vehicle equipment may provide a faster
pathway to full implementation.

Collection System Design

The nation has the opportunity to create a mileage fee collection system having the capability to
evolve with changesin policy needs and technologies. Such ahighly flexible and robust system
must necessarily rely upon electronic technologies and contemporary communications.
Contemporary technologies allow formation of electronic zones by latitude and longitude
coordinates and time of day for isolation of a motorist’s mileage traveled. The ability to create
zones identified geographically and temporally offers opportunities for mileage charging on the
state and local levels as well as congestion pricing.

To this point researchers have identified two basic ways to collect mileage charges: the
central billing method and the pay-at-the-pump method. The authors present the opportunity for
athird way called the integrated systems approach which combines the best attributes of the first
two methods while minimizing the shortcomings of both.

e Central billing. Under the central billing method, an on-vehicle device wirelessly
sends electronically generated mileage data to a collection center for billing. The government
mails, emails or otherwise sends a monthly bill to the motorist who pays the charge. The central
billing model attracts interest because of its comprehensive nature.

Several difficultiesinherent within the central billing model challengeits efficacy. This
system characteristically has enforcement challenges—why would people pay the monthly
bill?” —and the difficulty of compliance for some payers, as well as high operational costs under
standard billing methods for alarge percentage of the population. Thereis also the quandary of
how to provide agastax credit if the mileage fee's purpose isto replace the gas tax.

e Pay-at-the-pump. Under the pay-at-the-pump model, both mileage data transfer and
mileage charge collection occur at the fuel pump. During refueling, an electronic reader
wirelessly reads the stored mileage data allocated to each zone via short-range radio frequency.
The system then automatically uploads mileage data to a revenue collection agency central
computer for application of the mileage charge rates. The central computer electronically sends
the billing figures back to the fueling station. The fueling station then bills the motoring
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consumer the mileage charges—and deducts the gas tax—along with payment for the fuel
purchased. Non-equipped motorists pay the fuel tax.

The pay-at-the-pump model minimizes operational costs because of seamless integration
of mileage charge payments into the existing gas tax collection system. The system assures
enforcement of mileage charge payments because access to fuel can be conditioned upon
payment of the charge. This system also alows motoriststo easily obtain a gas tax credit when
buying fuel to avoid paying both the gas tax and the mileage charge. Most importantly, the
motorist does something familiar, paying a charge with the fuel bill as before. The only thing
new isthe type of charge paid—the mileage charge.

The pay-at-the-pump model has challenges aswell. The state of Oregon first developed
the pay-at-the-pump model as a closed system that precludes other data applications and payment
methods that may emerge in the future. This makes evolution of technology and adjustments for
changes in consumer behavior rather difficult. Also, the Oregon model presumed working with
automakers to develop and employ a pre-market mileage counting device embedded into new
vehicles. Thislimitsthe ability to improve capability of system technology and impedes swift
implementation of a new system because of the necessity of relying on automakers' equipment
development processes, which take many years. Finally, the pay-at-the-pump model cannot
evolve with every vehicle choice the motorists may make in the future such as all-electric
vehicles.

¢ Integrated systems approach. The optimum mileage-based charging collection system
will likely have elements of both the central billing approach and the pay-at-the-pump model.
Both approaches require connection with a central server/computer. System designers could
integrate these two models selecting an on-vehicle technology based on an open system thus
permitting new applications. Thiswould allow organic development of vehicle locator options
aswell as data generation and data transfer technologies. An integrated system with such an
open platform would also permit aflexible manner of payment.

The integrated approach assumes a motorist would add on-vehicle mileage-counting
equipment—an after-market device not manufactured into the vehicle—upon obtaining
ownership. The mileage data would upload wirelessly from the on-vehicle device to a central
computer viavarious transmission possibilities. At the fuel pump, an electronic reader—similar
to those operating at modern electronic toll roads—would identify the vehicle as a mileage
charge payer by reading an automatic vehicle identification device on the vehicle. The system
would connect to the central computer to obtain the vehicle’' s mileage data since the last fueling.
The central computer would apply the mileage charge rates and send the billing information back
to the fueling station’ s point of sale system. The motorist would pay the mileage charge as part
of the fuel purchase and the gas tax would be deducted. If the motorist had already paid the
mileage charge through some sort of automatic electronic payment alternative, the system would
not add the mileage charge to the motorist’s fuel purchase amount but would deduct the gas tax.

By adopting an open platform, system designers would allow payment alternatives such
as automatic electronic payment variations that will evolve over time. Payers should have the
option of paying atraditional way—such as with fuel purchase—or another way, such as
electronic payment. In this manner, the natural payment method will organically emerge and
then change with human behavior and technology. By permitting other payment options,
however, the integrated system could operate more like a central billing system for vehicles not
refueling or reenergizing at commercial fueling stations.
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The integrated approach has the advantages of the central billing approach and the pay-
at-the-pump model while minimizing the disadvantages of each. It offersafamiliar traditional
payment method to facilitate public acceptance and ensure arevenue flow but also offers
availability to alternative fuel vehicles not fueling at commercial stations. The integrated
approach would solve the why should | pay? problem for central billing because the motorist
would have to pay the mileage charge either before or at the point of fuel purchase.

Such an open system could also reduce capital and operating costs and technological
complexity at the service stations by allowing numerous options for the mileage data upload
elsewhere. Further, by relying on an after-market on-vehicle device, the system application
timeline would not depend upon the automakers' lengthy vehicle development period.

The integrated approach may help attain public acceptance for an electronically collected
mileage fee. The open platform offers ease of use for motorists by offering multiple payment
choices aswell as various levels for protecting privacy. Theintegrated approach will also attract
the public with choice of on-vehicle devices. Many people willingly embrace change when they
have choices they understand.

e Heavy commercial vehicles. A distance charging system for heavy commercial
vehicles will likely be different than for passenger vehicles because system designers must
consider additional vehicle characteristics such as weight, configuration and number of axles. At
least initially, this electronic weight distance charge will likely be only partially automated
because of high capital costs for full automation.

Cost of Collection

Today’ s fuel tax system has very low collection and enforcement costs. Any mileage charging
system will likely have higher initial operational costs. High administrative expense reduces net
revenue—or requires a higher rate to achieve the same revenue—and as aresult may face public
acceptance challenges.

A stand-alone central billing system for mileage charges will likely have exceptionally
high operational costsinitially and for many yearsto follow. On the other hand, piggybacking
invoicing and collections onto an existing collection system—such as the gas tax collection
system—tends to reduce system costs.

Accommodation of Cash Payers

Any new system should accept payment by all motorists, including members of the cash
economy.

Privacy Protection

A new mileage charging system must resolve privacy concerns to gain public acceptance. This
paper lays out the privacy implications for various mileage charging systems and describes how
aproperly designed system will ensure neither the government nor anyone else can determine the
location of drivers, either in real time or historically.



8 Discerning the Pathway to Implementation of a National Mileage-Based Charging System

Transition

Handling the transition from fuel tax to mileage-based charges presents perhaps the greatest
technical and policy challenges because both systems must co-exist for awhile. Transition could
take more than a decade—Ilargely dependent on political will—unless a combination of policy
and technology incentive mechanisms could encourage drivers to voluntarily adopt a new system
earlier.

System Flexibility

System design could provide sufficient flexibility to allow more complex mileage-based charges
such as congestion pricing, environmental pricing or provide different rates for rural and urban
driving. The system might accommodate low-income drivers, for example, or special purpose
vehicles. Preferences on these issueswill directly impact the sub-systems and system sel ected
for implementation. Policies regarding congestion pricing, environmental pricing and
subsidization of rural driverswill heavily influence the rate structure. In turn, the rate structure
will heavily influence the technol ogies selected for the various sub-systems.

Rate Structuring

System designers can devise an electronically collected per-mile charging system flexible
enough to allow rate structures that can accomplish numerous public policies. Such a system
would not only raise revenue for the road system but also grant states and local jurisdictions the
option of grafting onto the system. Additionally, policymakers can structure a charging rate to
achieve free flow traffic conditions through peak period pricing. The rate structure can also take
into account externalities such as greenhouse gas emissions. The ultimate rate structure will
result from alegislative body considering various public policies and blending them to
accomplish several goals.

o Aflatrate. At the smplest level, abasic mileage charging rate can be flat but a flat
rate is not afundamental characteristic of per-mile charges. Policymakers can establish arate
structure as something other than flat, stack other rates on top of aflat rate or apply a multiplier
to aflat base rate, among other possibilities.

e Astacked rate. An alternative to the flat rate involves stacking another rate on top of
theflat rate to allow rate variability. For example, policymakers may apply afuel inefficiency
penalty to high fuel consuming vehiclesin addition to the flat mileage charge rate. The structure
could be built on top of aflat basic rate charged the more fuel-efficient vehicles.

e A multiplied rate for externalities. A second structural variation would rate each
vehicle for itsimpact on external environmental factors. Those vehicles with the least impact
could be assigned amultiplier of 1.0 and those with the greatest impact a multiplier of perhaps
6.0. When the rates for each zone are applied for mileage charge payment, a motorist’s
multiplier would be applied against the base rate for that zone to determine payment. Vehicles
with greater impact on external factors would pay more and those with less impact would pay
less.
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While all compelling policy perspectives should be taken into account when alegislative
body adopts the rate structure, policymakers must recognize that valid public policy goals often
conflict. The mileage charge rate structure, therefore, might not be the best place to
accommodate every valid perspective.

AN INTERIM SYSTEM FOR QUICK IMPLEMENTATION

Researchers recently began to explore options for an interim system that would allow for quick
implementation of mileage fees while providing support for the ultimate move to a robust
mileage fee system over the longer term. The authors contributed to this research, a concept
called the VMT Estimate.

TheVMT Estimate

Under the VMT Estimate Concept, rather than tallying or transmitting precise mileage data, the
system cal cul ates the motorist’s mileage charge at the fueling station through application of a
charge rate to an estimate of the vehicle’s milestraveled since the last fueling. The system
calculates an estimate of VMT by dividing the amount of fuel purchased by the vehicle' s fuel
efficiency rating.

Under either anational or state VMT Estimate system, state DMV's would equip each
resident vehicle with an automatic vehicle identification (AV1) device—perhaps embedded in the
license plate, the windshield or a vehicle emissions inspection sticker—indicating the vehicle's
Vehicle Identification Number (VIN). This common inexpensive device allows a mileage
charge estimate to occur at the fueling station.

NECESSARY RESEARCH FOR MILEAGE CHARGING SYSTEMS

The federal government should take up the challenge of designing a mileage charging system for
adoption by the federal government or any state. Among the major issues to be addressed
include the following.

Governance

Development and implementation of mileage-based charges state-by-state will reveal issues of
national or regional implication irresolvable by asingle state. Standardization of technology
and systems under a state-by-state scenario would be highly unlikely. Federal systems
development may take longer than for a given state and allow less innovation because of
numerous policy considerations and processes, but the Federal government can provide
uniformity of technology and systems choices as well as political heft for imposing a new system
on national industries. The Federal government, however, should continue to cede a healthy
opportunity for innovation to the states.

Just as federal gastax collectionsfit together with state gas tax collection systems, a
federal mileage charge could do the same. Researchers should identify the impact of federal
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integration into a state-by-state implementation of mileage charge systems and how to construct
afederal system that allows easy access by the states.

Allocation of mileage charge revenues among states has the potential to directly relate to
travel within each state. Asaresult, the donor/donee revenue allocation struggle may reemerge
with new evidence to support the various arguments. Researchers should study the potential
impact of geographically identified mileage charges upon revenue allocations among states as
compared to the existing allocation formula.

A Development Program

To enable adoption and implementation of a mileage-based charging collection system anywhere
in the United States, policymakers, researchers and system designers must undertake an
extensive developmental program.

Comparison of System Models

The three mileage charge collection models should undergo comparison point by point. The
subject areas for comparison should include revenue sustainability, rate flexibility, system
characteristics—for example, breadth of coverage, compliance burden, administrative efficiency,
systems integration, enforceability, cost of operations, systemic risk, among others—feasibility
for federal or state application and timeline for commencement and complete transition. All
system characteristics should be measured for public acceptability.

Technology and Sub-Systems
To enable commercial implementation, necessary research must occur in the following areas.

Protection of locational privacy

On-board delineation of zone boundaries

Attributes of various methods of generating vehicle miles traveled data
Discouragement of tampering with on-vehicle devices

Auditing

Designing a system for updating of geographic and temporal zones
Communication techniques for on-vehicles systems

Integration with existing systems

Open systems and additional applications

Determining the most efficient and cost effective data transfer technology
Determining the location of data transfer

Development and application of a mileage charge system for two and three wheeled

vehicles
e |ntegration with modern all-electronic tolling systems
e Development of anational or regional clearinghouse and revenue distribution system
e Estimates of capital and operating costs
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Public Acceptance
The authors suggest three steps to public acceptance.

e Step One. Ensure the public understands the problem the mileage fee systemis
designed to address.

e Step Two. Ensure design of the mileage fee collection system takes into account
public sensibilities.

e Step Three. Introduce an actual mileage charge proposal complete with privacy
protections, cost projections, system impacts and a specific rate structure.

I mpacts upon Societies and Societal Systems

A shift to mileage-based fees should produce positive benefits for society but there may be some
negative unintended consequences as well. Mileage-based charges will have some impact on
travel behavior but the degree of the impact will largely be dependent upon the rate structure and
feelevel. The revenue implications can be enormous, dependent upon the types of mileage-
based chargesinvolved. Economic research must be undertaken to determine the extent to which
any new mileage charge system would affect existing institutions and processes from an
economic and revenue perspective and how highway pricing would affect energy policy,
greenhouse gas reduction and land use.

Federally Supported State Pilot Programs

This paper proposes several state-run but federally funded and directs pilot programs for testing
various mileage charging systems, sub-systems and system elements.

e Technology refinement of closed-system pay-at-the pump model. Completion of
system design and technology refinement for the pay-at-the-pump model.

e Central billing pilot program. Test the central billing model under which an on-
vehicle device generates mileage data by location then wirelessly sends that data to a collection
center for billing by mail or e-mail to the vehicle owner’ s residence.

e Open system pilot program for the integrated approach. Test an integration of the
central billing approach and the pay-at-the-pump model using an open system for technology
applications that allows flexibility in applying technologies for mileage data generation, data
transfer, data management and payment.

e Electronictoll road integration pilot program. Test integration of an electronic
mileage charging system with modern all-electronic toll road systems that currently use central
collection methodology.

e VMT estimate pilot program. Test the potential for adoption of an interim system
that estimates mileage at the fuel pump using an inexpensive AV device.

e Electronic weight-distance tax pilot program for heavy trucks. Test a separate
electronic charging system for heavy trucks that accounts for factors beyond mileage, including
distributed weight and configuration.
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e Multi-state contiguous broad scale pilot program. After research allows reading
some core conclusions, the national government should sponsor a broad scale pilot program that
includes several contiguous states.

FUNDAMENTAL RECOMMENDATIONS

Over the next six years, the federal government should (1) identify and complete design and
development of mileage-based charging collection systems for all motor vehicles that can be
implemented nationally or commonly by individual states; and (2) Engage the public through the
development process to gauge public attitudes on the various mileage charge system elements so
that a national consensus may form on the advisability of mileage charging in the United States
and the most appropriate form for the new system. These efforts should receive full funding and
staffing and the regulatory freedom to proceed aggressively and expeditiously.



PART ONE

Creating a New Road Revenue Collection System






| ntroduction to Part One

“1 garaged my SUV, which | still need to haul around the dog, kids, and travel
gear, and now drive a new Mini Cooper. |'m getting 31 mpg in town and close to
40 mpg out on the highway. | used to fill the SUV up every 5 days; I'mon my 3rd
tank of gas since getting the MINI about 2 months ago. And | haven't diminished
my driving one bit.” Citizen comment on BlueOregon Blog, early 2008.

RATIONALE FOR MILEAGE-BASED CHARGING IN THE UNITED STATES

With road revenues falling, the nation’ s Highway Trust Fund insolvent, congestion worsening
and the general health of the road system declining, transportation policymakers across this
nation now acknowledge the failure of the fuels tax to adequately fund our nation’s roadway
system. Long the bulwark of the entire highway system, the purchasing power of fuels tax
revenues dwindles year by year because of road cost inflation, the changing nature of the vehicle
fleet and loss of political support. This trend shows no signs of reversing.

The fuelstax failsin many ways. Despite the strong potential for dramatic decline of
road revenues as the motoring public chooses to operate more fuel-efficient vehicles, the amount
motorists use the road system—measured by vehicles miles traveled (VMT)—continues to trend
upward. VMT takes a dip when the economy does and the recent drop in VMT may indicate
deterioration in economic condition more than a definite move away from road travel.

Nonetheless, during times of rising fuel prices and economic tremors, the fuel efficiency
of amotorist’s vehicle does have an impact upon an individual motorist sVMT. The early
response may be to cancel certain trips but as personal finances allow, motorists purchase fuel-
efficient vehicles. Such amoveincreases VMT because motorists tend to drive fuel-efficient
vehicles further and more often than they drive less fuel-efficient vehicles* The motorist can
afford to drive more while operating a fuel-efficient vehicle. Vehicle switching places greater
demand on the road system than would otherwise be expected, while generating less revenue
from fuel taxes. Over time, such atrend creates an unsustainable road funding system.

Owing to inherent inflexibility, the structure of the fuels tax cannot address any new
policy requirements beyond highway revenue generation and modest carbon dioxide reduction.
Since the nature of America’'s road traffic impacts several critical policy agendas for the 21%
century—climate change response, energy independence, adequate road capacity and funding,
environmental protection—it would be wise for our nation to develop and employ a new, highly
flexible road finance system.

Asroad capacity improvements have not kept pace with road demand over the past 20
years and are unlikely to catch up under current circumstances, many transportation
policymakers and stakeholders look to various forms of congestion pricing to reduce the amount
of traffic during peak driving periods. As a per-gallon tax collected at the distributor level (and

1 B. Starr McMullen and Lei Zhang, Techniques for Assessing the Social-Economic Impact of a Vehicle Mileage
Fees: Final Report, June 2008, p. 14.

15
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reimbursed by the retailer and, in turn, by the consumer), the fuel tax collection system has no
ability to vary to facilitate congestion pricing during peak driving periods.

Nor does the fuels tax functionally address the crisis of climate change or environmental
impact. While the fuels tax gives marginal advantage to fuel efficient vehicles over fuel
inefficient vehicles, this per-gallon tax acts only as a blunt instrument for reduction of
greenhouse gases and recovery of external costs. Theinherent inflexibility of the fuels tax does
not permit adjustments to implement environmental strategies having greater impact upon
vehicle choice. If anew source of road revenue could have enough flexibility to accomplish
policy goals beyond simply raising revenue it would have the potential, should policymakers so
desire, to align with other national climate change strategies such as cap and trade or carbon
taxes.

This nation’s 90-year old fuel tax collection system ought to be phased out in favor of a
new system with an ability to effectively manage these problems—road revenue, congestion,
climate change, dependence on foreign oil, environmental cost recovery—in a cost effective
manner that accommodates the values of our nation’ s citizens. Asthis paper will demonstrate, a
distance-based direct user fee, called the mileage charge or, aternatively, the VMT fee or tax or
pricing or per-mile charge, can be structured to make substantial contributions to resolution of
today’ s travel-related problems.

Finding a New Road Finance M echanism

If finding a new road revenue system were an easy task, we would not be searching for one
today. Policymakers have sorted through many possibilities and every one has flaws. Though
beyond the scope of this paper, briefly reviewing the most mentioned possibilities may explain
the growing interest in mileage charging among policymakers across the nation.

A motor fuel salestax or indexing the fuels tax for fleet fuel efficiency improvements and
inflation may seem like appealing options. When considering the lopsided burden such options
might impose upon working vehicles and the less affluent drivers who tend to purchase less fuel
efficient vehicles from the secondary market, any fuel based option begins to lose appeal .2 As
new vehicles become ever more fuel efficient, the stratification between the amount operators of
older vehicles pay and the amount operators of newer vehicle pay may grow wider without
justification based on road use. The unfairness of such a situation might be worthy cause for
strong objection to fuel tax increases from these segments of society.® Further, an indexed gas
tax does not directly relate to road use therefore having no ability to combat congestion or induce
other targeted reductionsin VMT.

Annual increases for registration fees or personal property taxes on vehicles may sound
worthy but these options are completely divorced from road use and indeed penalize motorists
that use the road infrequently. Low use motorists would subsidize high use motorists without
policy justification. Moreover, since these funding options are closely associated with state
operations, it may be inappropriate for the Federal government to co-opt them.

Some propose that general taxes on sales, income or real property, or perhaps avalue
added tax might provide sufficient additional revenue. The up and down nature of these revenue

2 National Surface Transportation Infrastructure Financing Commission, Paying Our Way: A New Framework for
Transportation Finance, 2009, p. 146.

3 A separate analysis of this developing situation should prove helpful to policy development for road funding
options.
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sources will not yield reliable revenue for roads during economic downturns. Improving roads
and bridges might not be a high priority under such conditions because of the intense
competition for these revenues with human services and education. Moreover, these sources of
revenue have no connection to road use.

Imposing high tolls on facilities with the largest amount of average daily traffic would
certainly raise substantial revenue either nationally or for states with high volume toll facilities.
As ageneral solution, however, this would not suffice as a general revenue system for the states
because most states do not have high volume toll roads and motoring citizens will strongly object
to tolling facilities not currently tolled. Further, since the revenue generated from the new tolls
would not be associated with the facility from which they were raised, motorists could make a
strong unfairness argument that would tend to dampen the ability to impose tolls for this purpose.
Lastly, this option would not be an appropriate measure for federal revenue generation since the
states with high volume toll roads would disproportionately bear the nation’ s road funding
burden.

Finally, some suggest that environmental chargeslike aBTU tax might be the most
appropriate revenue source for the road system. While such atax may have certain
environmental benefits and also cover aternative fuels, aBTU tax would have the same problem
asthe gastax. With increasesin vehicle fuel efficiency, revenues would drop.

The idea of acharge based on vehicle milestraveled seemed impossibly difficult not long
ago. Only the availability of contemporary electronics, data processing and communications
systems render the concept viable today.

A Mileage Based Road Charging System

Though long theorized as an aternative to the fuels tax, acceptance of distance-based road
charging by our nation’ s policymakers now grows rapidly. Recently concluded investigationsin
Oregon and the Puget Sound area as well as the University’s of lowa s six pilot projects
currently underway involve various forms of electronic metering and collection. Wary of
technology, some policymakers at national and state levels ook to motorist self-reporting of
mileage data for mileage charges as the preferred methodol ogy.

This nation has yet to settle on the system architecture for devel oping and processing
mileage data and collecting mileage-based charges. For mileage-based charges to proceed
rapidly to adoption and implementation, a national consensus must form around a metering and
collection methodology so the nation’ s governments can employ a common system. To create a
new revenue collection system, many interlocking policy factors must undergo consideration and
preferences made and prioritized. Once policymakers make the foundational policy choices, a
metering and collection system can be configured around them.

Some of the technology and sub-systems for road use metering and charging have
reached the point of common agreement by various investigators in the United States while other
technology and systems elements remain to be settled. Both categories require additional
technological research; the first category to refine the technology to commercial application, and
the second category to determine the most effective applications. A third category of technology
choices will be determined not by technological capability but rather by policy choices made by
this nation’ s policymakers and public acceptance will strongly influence the policy choices made
for road use charging.
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Fundamentals

THE CHALLENGE OF COLLECTING A MILEAGE-BASED CHARGE

Assembling a collection system for a mileage-based charge, when first approached, seemslike a
fairly easy endeavor. Every vehicle already comes equipped with a mileage counting device
that records individual distance data, an odometer. Find away for the motorist to transfer these
data, apply the charge, demand and receive payment and you have a new system. In theory,
every step of this process can occur manually—the method of choice by early proponents over a
decade ago—but once thinking turns to actual implementation, simplicity melts away. System
designers and policymakers discover the complexity of assembling a mileage charge collection
system with desirable features that also passes the test of public acceptance.

This chapter lays out the essential considerations for creating a collection system for a
mileage-based charge. The interconnected factors described below can seem overwhelming at
first glance. By establishing priority for various relevant public policies, however, policymakers
and system designers discern the pathway to an acceptable conclusion.

STRUCTURAL CONSIDERATIONSFOR MILEAGE CHARGING
What a Mileage-Based Charging Collection System Must Do
A per-mile charging system must do six things:

Calculate miles driven (distance metering),

Access the mileage data (communications),

Apply mileage charge rates (data processing),

Provide the motorist a billing (invoicing),

Accept payment from the motorist (collection), and

. Support effective deterrents and actions against evaders and delinquents
(enforcement).

ok~ wdhE

Each of these steps consists of one subsystem contributing to an overall revenue
collection system. A legidlative body could stitch together pieces of existing sub-systemsto
accomplish these steps but the resulting patchwork might not be optimum or preferable. In
creating a new mileage-based charging system, legislators should consider numerous public
polices in assembling the new collection mechanism but especially adherence to appropriate
revenue generating tenets, especially acceptance by the public.

19
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Motorist Self-Reporting of Mileage Data

In the past year, severa national and state policymakers of significance have expressed support
for mileage-based charging as an important component of the road revenue generation pie.
Unfortunately, afew of these fresh supporters want to keep it ssimple by advocating for motorist
self-reporting of mileage data directly from the vehicle odometer. When one seriously considers
self-reporting in the context of the structural elements required for creation of an efficient and
acceptable mileage charge collection system, support for amanual collection system withers
away. (Theauthorswill argue this more pointedly in Chapter 4.) Regarding the same structural
elements, an electronic mileage charge collection system based on contemporary technology
provides the potential for adoption of an efficient and acceptable revenue system.

Embracing Technology, But Not Too Tightly

The intriguing capability of the various technological gadgets available for mileage charging can
overwhelm system development. Despite the mesmerizing nature of available technologies for
metering, data uploading and charge collection, technology should not drive system design.
Public policy, rather than technology, should determine the nature of any mileage charging
system. If technology leads the discussion, public policy concerns will take a back seat and the
possibility for public acceptance decreases commensurately.

After policymakers structure the new collection system around appropriate public
policies, technology applications should support the policies chosen. When technological or
systemic roadblocks emerge, policymakers may want to adjust policy decisionsto ensure
development of a practical system.

Nor should policymakers aggressively choose specific technologies to meet system
requirements. Technologies frequently change but robust policy choices may withstand change.
Rather than specifying a particul ar technology or implementation detail, policymakers should
identify policy requirements for which atechnological system can be constructed. Even so, new
technologies may support policy choices better than earlier technologies and the policy choices
supporting system development may well account for that. To encourage the incorporation of
improved technol ogies, policymakers may want to choose between development of an open
system® and a closed system. A closed system would tend to be stuck in time, anchored by the
capabilities of the earliest deployed on-vehicle device. An open system built with open
interfaces and open technical specifications—similar to the Internet—can allow implementations
to evolve over time as the underlying technologies change. An open system encourages
interoperability therefore fostering multiple competing and improved implementations, lowering
costs and improving the quality of the systems themselves.

During their early years of designing mileage-based charging systems, the authors
struggled with numerous fundamental factors, each described briefly below, that influence and,
indeed, constrain developmental choices for anew collection system. Conducting a stand-alone
analysis for each issue becomes impossible because they tend to impact and influence each other.

* Open systems are computer systems that provide some combination of interoperability, portability, and open
software standards and can also mean specific installations that are configured to allow unrestricted access by people
and/or other computers.
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Policymakers and system designers must resolve all systemic issues as part of the process
of system adoption. Some of these issues require value judgments by executives or legislators.
Othersrequire further engineering or social research.

Designing an entire mileage charging collection system involves the challenge of
selecting one sub-system for each step mentioned at the start of this chapter over competing
methods and competing technologies, determining the technical specifications for each activity
or component and integrating these sub-systems into a complete system. The ability to mix-and-
match various sub-systems and methodol ogies makes this effort much more complicated than it
may appear at first glance.

Finally, policymakers and system designers must recognize the social, transportation and
economic differences between light vehicles and heavy vehicles. The technical and policy
responses to the issues below may prove quite different for heavy vehicles than for light vehicles.

Purpose for the New System

Those examining the potential of mileage-based charges tend to see their potential from distinct
vantage points. Roads advocates see the potential for arevenue source not affected by motorists
moving to fuel-efficient vehicles in great numbers. Those seeking traffic reductions during peak
driving periods see the potential for application of designer congestion pricing strategies that fit
the individual characteristics of metropolitan areas. Environmental advocates seeking effective
climate change strategies and energy independence see the opportunity to reduce the overall
amount of driving by sending motorists a concurrent price signal but also to encourage motorists
to operate fuel-efficient, clean vehicles by providing a strong price signal.

Those with different perspectives peer curiously forth aswell. Local governments may
view the per-mile charge through the lens of an accurate revenue allocation amongst
jurisdictions.  Some within the trucking industry may see distance-based charges asaway to
accurately collect truck travel datato satisfy requirements of the International Fuel Tax
Agreement and International Registration Plan.

A properly constructed mileage-based charging system will have the ability to achieve
most of these purposes. Not every possible system for collecting a per-mile charge, however,
provides the flexibility necessary to achieve a given purpose. The precise system architecture
naturally flows from the purpose sought.

From the revenue generation perspective, policymakers must decide whether a mileage-
based charge should replace or augment the fuels tax. Replacement of the gas tax requires an
understanding of how long it will take to complete implementation. If implementation must be
phased in over a number of years so the two systems must operate concurrently, then those
paying the per-mile charge must either receive a credit for gas tax paid or areduction in the
gasoline price by the amount of the gastax. Augmentation of the gas tax does not generate the
same issues but may have a steeper public acceptance hill to climb.

With regard to congestion management, policymakers will want to decide the degree with
which urban areas should have the option of creating ever more complex congestion
management strategies to conform to the ever changing confluence of road networks and driving
habits. London, Stockholm and Singapore employ congestion management strategies such as
toll rings by using established tolling-style equipment but this manner of congestion pricing only
works well for core areas with exceptionally high travel demand. For effective application of
congestion pricing to urban areas with other congestion problems, such as neighborhood-to-
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neighborhood or economic center-to-economic center travel, governmental jurisdictions must
employ other technologies and collection methods. |1ssues of operations cost, privacy, traffic
diversion and cross-jurisdictional impacts will surface during this analysis.

Policymakers can structure a mileage-based charge to discourage the consumption of
fuels contributing to global climate change. Not only could consumption of alternative fuels
involve payment of alower charge but motorists operating fuel efficient vehicles could pay less
per mile than those operating gas guzzlers. The varying nature of the charge could impose a
financial burden for inefficient vehicles that mirrors the burden of the gastax or, if policymakers
want to impose a greater burden, the charge could be structured to recover the cost of
externalities related to driving. Whether to impose these additional burdens will depend upon
consideration of overall nationa energy policy and greenhouse gas reduction policy in the
context of acap and trade system or carbon taxes.

Some policymakers may desire to create an accurate allocation of road revenues amongst
governmental jurisdictions based on the actual burden the motorists place on a given road or
local network. If so, precise measurement of miles driven on each particular road or within
jurisdictional boundaries appears to be possible. Application of higher technologies would be
necessary to accomplish this purpose. Examination of issues relating to privacy and motorist
expense would also enter the analysis.

Finally, policymakers may face strong desire to enable local governments the option of
imposing additional charges on top of state or national mileage charges. Offering this option will
cause policymakers to prefer on-vehicle technol ogies that can more easily create electronic
geographic zones.

I dentifying Nature of Payer and Charge

Policymakers must determine whether the mileage-based charge should be a user fee or a general
tax. A genera tax does not require relationship with use. A user fee should directly relate to the
burden a user imposes.

Another core issue is whether motorists should pay the mileage charge on total miles
driven or only on miles driven within agiven jurisdiction. Thisissue, of course, essentially has
no relevance for national mileage charges. Charging for total miles traveled will likely have the
advantage of requiring less technology for system operation but would have the disadvantage of
disconnecting driving from the burden a motorist places on the road system. If a state wants to
charge resident motorists only for the burden they place on the state’' s road system, then away to
assign vehicle miles traveled by jurisdiction must be employed. Further, if policymakers want to
grant governmental jurisdictions authority to impose local mileage charges or implementation of
congestion pricing without an ability to track vehicles, then away to assign VMT within
geographic boundaries must be employed.

Policymakers must determine whether payment should be made pre-usage, like the fuel
tax, or post-usage. Computation of projected usage can simulate pre-usage payment but less
precisely than the precise post-usage method.

Policymakers may want to allow for the possibility of charging a discount for payments
made pre-usage or a surcharge for payments made post-usage. Allowing for differing rates may
help gain wider public acceptance.

The frequency of payment has relevance to public acceptability and revenue flow.
Frequent payment, perhaps monthly or more often, will result in lower billings that are more
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likely to be acceptable to payers and easier for collection. Infrequent payment will likely result
in greater defaults, more evasion and less public acceptance, as well as disrupted and reduced
cash flow for the government. For some motorists, various prepayment options may offer ways
to manage cash flow in an acceptable way.

The size of the payer base will influence the potential size of the charge per payer. The
nature of the payer base might also indicate the difficulty and effectiveness of an auditing
program.

Many user fees are embedded within transactions and therefore hidden. Policymakers
must decide whether mileage charges should be transparent to the payer or embedded within
each fuel purchase like the current gastax. If hidden, the motorist may never know the mileage
charge amount. If transparent, the motorist will know the mileage charge amount either at the
time of payment or while the charge tallies during travel, depending upon the technology
employed within the vehicle.

Charging out-of-state motorists invites complexity. Legally, out-of-state motorists must
not drive free of charge when local residents pay the charge. Policymakers must decide whether
out-of-state motorists should pay under the same system as resident motorists or whether a
different system could be deployed for them. A national mileage charging system, whether
deployed for a national mileage charge or merely to support state charging systems, would
render the out-of-state motorist issue irrelevant.

Policymakers must decide whether the new mileage charging system should be
mandatory or voluntary for motorists. A mandatory system could address policy goals
immediately but must face the inherent challenge of political inertia. A voluntary system might
receive greater public acceptance but must establish an incentive to ensure success. Since
voluntarily opting into a mileage-based charging system would require acceptance of a payment
burden, the incentives offered may have to be large or highly attractive. The authors examine a
voluntary system in greater detail in Chapter 4.

Overall System Risk

Both the size and nature of the payer base affect overall collection risk for the system. A greater
number of payerswill lead to a greater number of delinquencies and therefore higher
administrative costs. The gastax has a small payer base—about 5,700 gasoline distributors
nationally°>—with minimal risk of short payment or nonpayment. Moving the incidence of
revenue payment to the service stations—well over 100,000 national ly°>—will result in more
auditing and enforcement actions. Moving the obligation for revenue payment to the individual
motorist—over 200 million nationally—would result in the need for an extremely large
administrative and enforcement force to ensure payment equity and significant revenues.

Adherenceto Desirable Tax Policies

Policymakers generally apply publicly acceptable tax policies for tax, fee and charging collection
systems to ensure fairness, operational efficiency and effectiveness. Generally, the following

® See http://www.hoovers.com/petroleum-wholesal e-distribution/--1D__62--/free-ind-fr-profile-basic.xhtml
(accessed July 20, 2009).
® See http://www.census.gov/econ/census02/datalindustry/E447110.HTM (accessed July 20, 2009)
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tax policies should be considered while developing the new system for collection of mileage-
based charges.

e Breadth of charge application among payers. If policymakers prefer that the mileage
charging system operate on a user pays basis, the collection system must capture a broad array of
users, indeed, each user of the system must pay directly for the burden made on the road system.

e Relative fairness among payers. The new mileage charging system must have the
perception of fairness across all user groups. Any subsidy for a particular user group must be
justified.

e Low relative capital costsfor implementation. The capital costs required to
implement the new system must not overwhelm the ability to pay for the system.

e Lowrelative annual operating costs. To facilitate public acceptance, broad based
taxing and fee charging systems should have |ow operating costs relative to the revenue
generated. This condition takes on added importance if the mileage charging system replaces the
gas t7ax as the primary road funding mechanism since the gas tax operating costs are extremely
low.

e Low relative compliance burden. The system should impose minimal burdens on
payersin the context of effort, cost and complexity. If mileage charging replaces the gastax, the
method of payment may need to match the simplicity of paying the gastax in order to garner
public acceptance.

e Minimal relative administrative burden upon the private sector. The system should
impose minimal additional costs on businesses collecting the charge and forwarding payment to
the government collection agency. As an alternative, the opportunity to earn transaction
processing fees may allay the burden of these additional collection costs.

o Efficient administration. Government administration of the mileage charging system
should not result in a huge and expensive bureaucracy.

o Effective enforceability. Government administration should be effective enough for
assurance that most motorists actually pay the appropriate mileage charges. Government auditing
costs should be low relative to revenues raised, especially if policymakers want the new system
to replace the gas tax.

e Minimal evasion and avoidance. The system should make tax evasion and tax
avoidance difficult. The system must assure accurate data generation and transfer as well as
appropriate civil and/or criminal penalties for tax evaders.

System Administration and I ntegration

To ensure system feasibility and reliability, one must consider the point of collection in terms of
risk. In this respect, enforcement should be simple and easy and auditing efficient and effective.
If the new system involves existing systems—such as to provide a credit for gas taxesif the
purpose of mileage charge is to replace the gas tax—then the mileage charging system should
integrate well with those systems. Policymakers and system devel opers must determine who
should operate the new system, the government or private vendors. Finally, the new system

7 James M. Whitty, Road User Fee Task Force Report to the 72nd Oregon Legislative Assembly, March 2003, p.
AA-1.
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should have the capability of integrating with national and other states' revenue collection
systems.

System Réliability

If apreferred mileage charge system configuration presents significant collection risk, system
designers should ensure reliability by providing a back up collection system available for
substitution as necessary. An accessible back-up collection system would forestall 1oss of
revenues, for example, should an on-vehicle device experience data transmission difficulties
owing to power outages.

Managing Nonpayment

The evasion potential of a new system not only affects revenue levels but also the potential for
shifting the burden of reaching a certain revenue level onto those not evading payment. The
system must not only enforce payment efficiently and cost effectively but also discourage legal
avoidance of the mileage charge.

Capital and Operating Costs

Any new revenue system will have start-up, capital, and operating costs. Capital costsinclude
physical infrastructure (facilities, buildings) and data generation and transfer mechanisms as well
as data management and billing and payment systems. Operational costs include data
management, enforcement and auditing operations.

These costs can range from modest to quite substantial, depending on the system.
Determinants include the following:

1. Whether the system appliesto currently owned vehicles and therefore requiring
retrofitting of on-vehicle technology,

2. The amount of information collected and how the system will protect privacy to
levels expected by the motoring public,
How transmission of information occurs,
4. Dataprocessing systems,
5. Billing processes,
6
7

w

. Charge collection processes, and
. Customer service required by system design.

Critical to political acceptability, capital and operating costs for the new system must be
affordable. One'sview of affordability varies with the nature of the system. Therelative
operating costs for privately run revenue systems—Iike toll roads where volunteer users accept
high administrative costs for access to the facility—may not be acceptable for government
revenue systems where payment for general useis mandatory. If policymakers seek to replace
the gas tax rather than augment it, capital costs for a new system become particularly important
because the gas tax collection system already exists. To replace the gas tax, capital and
operating costs should remain as low as possible. Equally important, the administrative burden
and compliance costs for the taxpayer and the private sector must be at acceptable levels.
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Perspectives on affordability change when considering heavy commercial trucks. The
recent implementation of Germany’s heavy truck charging system indicates the capability of the
motor carrier industry to absorb considerably higher system costs than anticipated for passenger
vehicles. A distance charging system for aregulated industry may need more sophistication and
additional charging options than for light vehicles, since vehicle configuration, weight and
number of axleswill likely determine the rates charged. Such a system should provide improved
data and communication benefits to motor carriers as well as planners and regulators.

Technologies

Technology choices for the overall system and sub-systems, from the many possible
combinations, influence most of the factors discussed in this chapter. Thisis particularly true for
various pricing strategies, privacy protection and the collection approach selected.

Feasibility and Effectiveness

While policy and not technology should drive system design, technological realities should loop
back and inform policy choices as practical limitations emerge so that policymakers can adjust
preferences accordingly. In thisrespect, policymakers should interact with system designersto
achieve outcomes that align system needs with public acceptance requirements.

The practicality of technology applications will emerge from analyses of cost and
maintenance factors but also from factors related to functionality, availability, accuracy and
reliability. The technology and systems employed must aso reach and maintain a high degree of
security. Ideally, both on-vehicle technology and the systems technology employed should
interoperate with existing systems such as modern electronic toll collection systems and perhaps
computer systemsat DMVs. Finally, policymakers may want to consider whether agiven
technology application has the capabilities of expandability and upgradeability to allow swift
change as new systems or needs develop in the future.

Emerging Technologies

In this age of technological revolution, technologies for road pricing rapidly improve. Scientists
continually improve data transmissions and data sharing platforms. The University of lowa
launched this year a major mileage-based charge technology demonstration project. Further, the
large motor vehicle manufacturers working in concert with USDOT have in process avehicleto
highway infrastructure integration (V11) initiative. While primarily focused on safety
applications, V11 technology may enable metering and collection of mileage-based charges.

As technology evolves, it would be advantageous for a mileage charging system to
evolveto incorporate improved technology. System designers could specify the necessary data
elements for collection but allow for the possibility for new methods of computation and
communication. Defining minimum system and technology certification requirements could
yield sufficient system flexibility to enable technology change and system evolution.

Other new technol ogies assisting mileage charge implementation could rapidly emerge
within the next few years. Whether the underlying mileage charge systemis closed or open to
new technologies could determine future capability and efficiency for the system. An open
system with available standards, protocols and network—something akin to the Internet—that
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accommodates a variety of interoperable implementations should be more readily adaptable to
improved technologies. Further, an open system may create opportunities for a variety of
additional commercial implementations and applications for incorporation with the mileage
charge system, thus increasing the potential for public acceptance.

Gradual, staggered adoption of mileage charge systems by individual states means later
adopters may employ more advanced technology than early adopters. If system designers adopt
a closed system approach, the most likely result will be a collection of disparate and
incompatible systems. An open approach will more likely result in interoperable systems.

Whileit helps for states to have some sense of how existing technology will likely evolve
before implementing a new system, technologies for some sub-systems have already reached
maturity. System designers and policymakers can rely upon sub-systems built around currently
mature technology.

Transportation providers should anticipate and understand the implications of emerging
technologies for mileage charge applications—both mature and evolving—before adopting a
specific sub-system. This holds for both light and heavy vehicles.

Transition Management
Minimizing Difficulties

Transition issues can impact acceptability of a new system and complicate implementation. The
principal concern involves duration of the transition to full implementation of the new system.
System designers must compare the feasibility of immediate and full implementation with the
practicality of phasing the new system in over aperiod of years. If policymakers determine that
technology must be employed within vehicles to make the new system practical, system
designers must assess retrofitting of all vehiclesin terms of practicability, public acceptance, cost
and logistics. System designers must also assess the seamless capacity of the transition.

Mandated retrofitting of every vehicle may prove unnecessary if voluntary adoption of
on-vehicle devices added after-market become attractive to motorists. If policymakers ensure
application of an open technology standard, after-market on-vehicle devices may achieve
attraction naturally. Under an open system, systems designers must ensure open specifications
and interfaces to ensure interoperability.

Continuing Fuel Taxes

Whether mileage-based charges replace the fuels tax or augment it, there are strong advantages
to retaining fuel taxes during a mileage charge phase-in either as the underlying back-up
collection system or as a part of the collection sub-system for mileage-based charges. If
policymakers decide not to require retrofitting of on-vehicle devices, it will be necessary to
continue fuel taxesin order to facilitate a lengthy phase-in period for the mileage charge system.
If policymakers decide to retrofit on-vehicle devices, it may not be necessary to continue fuel
taxes, but continuation may be desirable as a back-up method in the event of on-vehicle device
or system failure.

Most heavy vehicles operate on diesel fuel. State governments generally collect taxes on
diesel fuel differently than taxes on gasoline. In some circumstances, this may have some bearing
on the issue of whether to continue the tax on diesel fuel.
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Constitutional Constraints

New systems must comply with various provisions of the United States Constitution and related
and relevant provisions of state constitutions. The authors have found relevant the Commerce
Clause and Equal Protection Clause of the United States Constitution especially with regard to
transition issues for congestion pricing applications.

POLICY CHOICESFOR KEY PIVOT ISSUES
System Needs Vis-a-Vis Privacy Protection

The public interest requires that every revenue collection system have certain capabilitiesin
order to assure efficacy and fairness to the payers. While application of electronics may assist in
achieving these objectives, too much government involvement can impinge upon the public’'s
desire for acertain level of privacy protection from government intrusion. Policymakers must
strike a balance between system needs and the protection of privacy.

The tension between system needs and privacy hinges on three issues; the information
collected on consumer activity, the ability to audit and on-vehicle device capability. Interaction
among these issues will largely define the nature of the mileage-charging system adopted.

Information Collected on Consumer Activity

Policymakers must carefully determine the degree to which a government can obtain motorists
gpecific movement or location information. Though a highly charged political issue, some U.S.
toll roads essentialy track their customers. Despite the availability of special proceduresto
eliminate this tracking capability, most toll road consumers ignore the opportunity for travel
anonymity.® Nonetheless, public outreach efforts, focus groups, and polling indicate a
significant and strong aversion to any government activity that appears to track the movements
of individuals and their vehicles. Large segments of the public will not accept any system
perceived to enable vehicle tracking.

This problem becomes particularly vexing when considering application of elements of
Global Positioning System (GPS) technology. A promising candidate for mileage charging
systems, GPS-based vehicle positioning cannot, by itself, enable vehicles to be tracked.
Unfortunately, the mediatends to portray GPS systems as tracking technology, with many
articles about firms using GPS devices to track customersin their vehicles. Asaresult, the public
has understandabl e concern—though not necessarily accurate—that any system using any aspect
of GPS technology will enable the tracking of vehicles.

While not entirely absent, privacy protection and vehicle tracking have less political
sensitivity for the motor carrier industry than for the general public. This makes sense because
the government regulates the motor carrier industry as acommercial rather than personal
activity. Accordingly, government agencies monitor heavy commercial trucks for size and
weight enforcement purposes. Motor carriers, therefore, surrender a certain amount of anonymity

8 For instance, the initial operator of the California 91 Express lanes offered a special procedure for customers who
wished to remain anonymous with very few takers.
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to lawfully operate on the road system. Asaresult, many more system options are potential
candidates for application to the motor carrier industry.

Ability-to-Audit and Challenge a Billing

Once a collection agency collects mileage-metering data, the system may require additional data
to enable the collecting agency to verify accuracy or reasonableness and enable the mileage
charge payer to verify the accuracy of the data and the charge. How much additional datathe
agency will require depends upon the information the public is willing to allow the government
to collect, and whether there will be any sort of pricing beyond aflat VMT rate. Research may
reveal that the public may prefer providing more detailed data to private sector system operators
under stringent data-protection rules.

The motoring public has security concerns aswell. The public worries whether the
mileage-related data could be intercepted by outside parties during transmission. The public also
has concerns about whether data banks can be compromised and the data stolen. Recent, high
profile data-security lapses by both large firms and government agencies have challenged public
confidence.

Sorting through the trade-offs between charge verification and privacy protection, it helps
to recognize the natural continuum for these issues. With electronic collection of mileage data
and vehicle identification, a system design can protect privacy completely on one hand—
including a system with GPS elements!—or invade privacy completely on the other, depending
upon technology applications and system configuration.

Oregon tested a mileage charge collection system whereby the system protected privacy
by calculating mileage charges without identifying the travel of the vehicle either in real time or
historical record. In Oregon’s pilot program, the on-vehicle devices contained latitude and
longitude coordinates identifying the geographic boundaries of particular zones, such asthe
borders of a state or city. The only data developed and transferred were the mileage totals within
each geographic boundaries of each zone. A congestion charging study in Puget Sound, on the
other hand, developed and retained an entire travel history of motorists participating in the study.

Absolute Privacy vs. Auditability No Privacy
Privacy
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The Oregon Puget Sound
Concept Study
Absolute Privacy No Privacy
* No records maintained * Detailed trip data maintained
* No ability to audit * Full ability to audit
* No ability for customer * Full ability for customer
validation validation

FIGURE 1-1
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Depending upon the system and technology adopted, full protection of privacy may
thwart the collection agency’ s ability to gather sufficient data to enable auditing and effectively
enforce payment or allow the consumer to challenge a billing. Legislative policies placing a
mileage charging system at a point on this continuum thus affects evasion prevention, collection
enforcement, and security of data, aswell as vehicle tracking. A legidative body may not need
to precisely define how privacy will be protected. Simply adopting a policy mandating that
certain data not be accessible to anyone may be enough.

Several decades of advancesin modern cryptography make it possible to design more
sophisticated and complicated protocols that can achieve privacy goals. These techniques may
make it plausible to design fairly general protocols which function in this fashion without
violating the privacy of drivers, while enabling auditing, enforcement, and allowing the
consumer to challenge abilling.’

The lowa mileage charge pilot project currently underway encrypts the precise travel
records and communicates the aggregate charges owed, enabling the driver to open the encrypted
file to challenge chargesif desired.® Some members of the public may prefer a system unable to
generate any vehicle location data, while others may find a system that devel ops encrypted data
satisfactory in order to obtain the ability to ensure proper billing. Policymakers will have to
gauge the political potency of each preference. Over time, preference for data encryption may
win the day as younger citizens tend to accept new technology more quickly than older citizens
and therefore may more easily find comfort with these privacy protections embedded within the
technology.™

L egidative policymakers have options to protect privacy beyond simply negating
application of certain technologies. Legisation can establish effective legal prohibitions,
including criminal sanctions, to limit a collection agency’s ability to compromise the privacy of
motorists. A legislative body could mandate system designers to establish safeguards against
interception of data during transmission from the vehicle and to create first-rate data bank
security.

Departments of Transportation routinely audit motor carriers for tax purposes. Allowing a
collection agency to obtain the additional information required for auditing should be much less
of an issue for heavy vehicles. The commercial trucking industry should demand assurance of
data bank security and safeguards against data interception to the degree required for passenger
vehicles.

On-Vehicle Device Capability
The amount and type of information collected from charge payers directly determines the

capability required of on-vehicle devices. On one hand, the devices must collect information
sufficient to satisfy the purposes established for the mileage charging system. On the other hand,

® Raluca Ada Popa, Hari Balakrishnan and Andrew Blumberg, VPriv: Protecting Privacy in Location-Based
Vehicular Services, 2009; Andrew Blumberg and Robin Chase, Congestion pricing that respects “ driver privacy,” a
whitepaper.

19 The National Surface Transportation Infrastructure Financing Commission, Paying Our Way: A New Framework
for Transportation Finance. February 2009, p. 152.

" Ralph Gross, Alessandro Acquisti and H. John Heinz 111, Information Revelation and Privacy in Online Social
Networks. ACM Workshop on Privacy in the Electronic Society (WPES), 2005,
http://portal.acm.org/citation.cfm?doid=1102199.1102214
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some members of the public will reject devices capable of collecting and providing more
information about individuals and the movement of their vehicles—whether encrypted or not—
than they feel acceptable. Less capable devices aso have the benefit of minimizing device cost.
Lower device capability also directs transportation providers to lower their expectations about
the kind and amount of data collected for planning purposes and limits the types of pricing
techniques otherwise available with more capabl e devices.

The device capability issues do not change vis-a-vis heavy vehicles as opposed to light
vehicles. Nevertheless, the characteristics of heavy vehicles may result in different device
capabilities and different technologies than for light vehicles.

Vehicle Equipment Retrofitting Versus Long Phase-In

Policymakers often ask how quickly mileage-based charges can reach full implementation. The
ability to retrofit currently operating vehicles with necessary collection technology determines
how quickly mileage charges—and other policies for congestion pricing, environmental pricing,
local jurisdiction charges, and revenue allocation among jurisdictions—can be applied to the
entire vehicle fleet.

While several factors influence the ability for rapid implementation, cost may be
determinant. Quick implementation requires retrofitting of currently operating vehicles with the
necessary on-vehicle devices. Adding retrofit devicesto currently operating vehicles simply
costs more—mostly due to the price of labor—than having manufacturersinstall the devicesin
new vehiclesonly. Thisdisparity will grow ever larger as retrofit installation costs tend to
increase while device costs shrink over time.*

Considering cost, a gradual phase-in may be preferable. Applying the on-vehicle
technology to only a portion of the vehicle fleet, however, means that mileage-based charges
beyond a per-mile charge replacement for the fuels tax—for example, GPS-based congestion
pricing, some forms of environmental pricing, and local-option charges—could not be applied
for some years into the future. Combination with current systems may allow e