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ABSTRACT

Equity Evaluation of
Vehicle Miles Traveled Fees in Texas. (August 2011)
Lisa Kay Larsen,
B.S., Brigham Young University

Chair of Advisory Committee: Dr. Mark Burris

The Texas state gas tax has been 20.0 cents per gallon since 1991, and the federal
gas tax has been 18.4 cents per gallon since 1993. The gas tax is not only stagnant, but
depreciating in value due to inflation. Thus, damage is being done to the infrastructure
but the money needed to maintain and improve roadways is not being adequately
generated. One proposed alternative to the gas tax is the creation of a vehicle miles
traveled (VMT) fee, with equity being a crucial issue to consider.

This research used 2009 National Household Travel Survey (NHTS) Texas data
to consider the equity impacts surrounding four VMT fee scenarios. Data were filtered
and weighted to reflect results representative of Texas vehicle-owning households in
2008. Each scenario was run both statically and dynamically under the assumption that
the VMT fee would replace the state gas tax.

An assessment of the relative vertical equity of each scenario was made by
calculating the Gini Coefficient associated with the proportion of state gas tax or VMT

fee revenue generated by each household income level quintile. Results indicate that all



of the VMT fee scenarios are essentially as equally vertically equitable as the current
state gas tax system. Scenario 4 was designed to be inherently horizontally equitable
because the per mile fee associated with each roadway type (urban or rural) was assessed
to all vehicles driven on these roadway types at a rate calculated to generate needed
funds to address the mobility and infrastructure needs of that roadway type. Scenario 3,
a scenario favoring vehicles with high fuel efficiency, was found to be the least
horizontally equitable.

Scenarios 2-4 were able to generate additional revenue desired to meet the
infrastructure and mobility needs of Texas set forth by the 2030 Texas Transportation
Needs Committee. The large fee increase necessary to achieve the desired additional
revenue may not be popular or possible. However, an evaluation of the philosophy
governing each scenario designed to generate additional revenue is informative when it
comes to equity impacts. No one VMT fee scenario affects all household income levels
and geographic locations uniformly and it was not the goal of this research to design an
equitable VMT fee scenario. Rather, the effect of each scenario on 2008 Texas vehicle-
owning households disaggregated by household income level and geographic location
are presented and left to the discretion of elected officials to decide which VMT fee, if

any, would be best for their constituents.
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CHAPTER |

INTRODUCTION

The Texas state gas tax is currently 20.0 cents per gallon, and has been since
1991. The federal gas tax is 18.4 cents per gallon and has not changed since 1993. The
gas tax is not only stagnant but is depreciating in value. According to a front-page
article in USA Today by Dennis Cauchon, “Although the federal gas tax—18.4 cents per
gallon—hasn’t changed since 1993, tax collections are down because today’s vehicles
go farther on a gallon of gas, cutting tax collections while increasing wear and tear on
highways. Inflation since 1993 has eroded the value of the tax to maintain roads
(Cauchon, 2010).” In this same vein, Cho and Powers state that, “The nation’s
population and number of vehicle miles traveled are increasing, yet the purchasing
power of the highway trust fund’s fuel tax revenue is decreasing (Cho and Powers,
2006).” The fuel efficiency of new vehicles on America’s roadways is only going to
improve. President Obama recently announced a new national fuel economy standard of
35.5 miles per gallon for new vehicles, effective 2016 (Broder, 2009). While this new
standard will help contribute towards cleaner air stemming from fewer emissions, it

negatively impacts transportation funding under the current gas tax funding system.

This thesis follows the journal style of the Journal of Transportation Engineering.



Additionally, the need for transportation funding has not remained constant.
Rather, there is the growing need to maintain and improve the existing, aging
infrastructure, while expanding and enhancing the facilities available to motorists.
America’s infrastructure received an overall D rating in the 2009 American Society of
Civil Engineers (ASCE) report card, with roads receiving a D-, bridges receiving a C,
and transit receiving a D (American Society of Civil Engineers, 2009). A variety of
solutions have been theorized to help increase revenue available for transportation
projects and make travelers more accountable for their use of the infrastructure; with
solutions ranging from increasing the gas tax, expanding toll ways, and increasing the
vehicle registration fee.

Recently, this issue has received national attention as various plans to help
reduce, and eventually eliminate, the national debt have been proposed. One of the
plans, championed by Senator Tom Carper of Delaware and Senator George Voinovich
of Ohio, proposes incrementally raising the federal gas tax to eventually reach 43.4 cents
per gallon. As noted by Dennison, “In total, the senators said in their letter, the 25-cent
tax hike would generate $200 billion in revenue over five years. Of that, $117 billion
would end up earmarked for transfer to the federal Highway Trust Fund, which Carper
and Voinovich said is badly in need of funding (Denison, 2010).”

Similarly, suggestions made in December 2010 by the National Commission on
Fiscal Responsibility and Reform included increasing the gas tax incrementally by 15-
cents per gallon between 2013 and 2015. Additional recommendations included

“limit[ing] spending to actual revenues collected by the trust fund in the prior year once



the gas tax is fully phased in. Shortfalls up until that point would be financed by the
general fund (National Commission on Fiscal Responsibility and Reform, 2010).”
Infrastructure was listed among the important areas to invest in to “help our economy
grow, keep us globally competitive, and make it easier for businesses to create jobs
(National Commission on Fiscal Responsibility and Reform, 2010).”

However, the gas tax is often viewed as a “second-best” policy—which,
although not able to best address any one issue, can simultaneously address multiple
issues fairly well (Lin and Prince, 2009). Thus, while proposals to increase the gas tax
have the potential to address the issue of generating the funds needed for infrastructure
maintenance and improvements, this approach does not fully address the potential that
improving vehicle fuel efficiencies will eventually minimize funds generated on a per
gallon basis. As vehicle fuel economies continue to increase, motorists will gradually
become less accountable for their use of the transportation system. According to
McMullen et al., “Until recently fuel taxes were thought to be fairly good proxy for
optimal road use fees that charge users based on the damage (or marginal costs) they
impose on the road (McMullen, Zhang and Nakahara, 2010).” However, with vehicles
becoming ever more fuel efficient, the gas tax is quickly losing its link to how much the
infrastructure is used.

In the Final Report of the National Surface Transportation Infrastructure
Financing Commission that was released in February 2009, the Commission described
several funding options that are available to address growing infrastructure needs. The

Committee expressed their opinion that short-term, increasing the current gas tax is the



best option given large installation costs associated with implementing a new
transportation fee system. However, the Commission also suggested that turning to a
VMT fee system is the best option when looking past just the short-term situation,
stating that, “The most viable approach to efficiently fund federal investment in surface
transportation in the medium to long run will be a user charge system based more
directly on miles driven (and potentially on factors such as time of day, type of road, and
vehicle weight and fuel economy) rather than indirectly on fuel consumed (National

Surface Transportation Infrastructure Financing Commission, 2009).”

RESEARCH PROBLEM

Given the recent interest in the possibility of a VMT fee system, research on this
topic is timely. There are several questions to consider in the design and eventual
implementation of a VMT fee scenario. How well will this scenario generate revenue?
What logistical issues surround its implementation? What will be the public’s reaction
to the transportation fee change and to what extent will their travel patterns differ
because of it? Who will pay more under the new system and who will pay less; will the
new system be equitable? Equity is one VMT fee aspect that should be evaluated and
presented to elected officials and policy-makers in deciding upon which VMT fee, if
any, to implement. Equity impacts are also important for the public to understand.

Evaluating the equity of several VMT fee scenarios was the focus of this research effort.



RESEARCH OBJECTIVES

The purpose of this research was to develop, test, and analyze four VMT fee
scenarios with respect to equity. It is important to note that the objective was not to
create and champion an equitable VMT fee scenario. Rather, an attempt was made to
present the scenario results in a clear, concise manner that will enable elected officials
and policy-makers to have access to equity impact information when making decisions
on which VMT fee, if any, would be best for their constituents. The following section
describes the research methodology and gives a brief summary of the scenarios that were

analyzed.

RESEARCH METHODOLOGY AND SCENARIOS

Texas data from the 2009 National Household Travel Survey (NHTS) were
available in two forms—the Texas Add-on dataset and the Texas survey data made
available through the NHTS website (http://nhts.ornl.gov/index.shtml). Prior to
performing any analysis it was necessary to merge needed variables from each dataset.
Next, the data were filtered to only include complete and relevant household and vehicle
information. The filtered data were then weighted to reflect 2008 Texas vehicle-owning
households. Using the properly filtered, merged, and weighted data, four VMT fee
scenarios were analyzed and compared to the current gas tax funding system using two
different methodologies. First, a static model was considered, which assumed that no
change in travel occurred as a result of implementing a new transportation fee. Next, a

dynamic model was implemented using price elasticities disaggregated by household



income level and geographic region. The dynamic model reflected changes in travel that
were anticipated to stem from changes to the transportation fee. The filtering, merging,
weighting, and scenario implementation process is further described in Chapter III. The
four scenarios that were analyzed for equity are described below.
Scenario 1: Flat VMT Fee

This scenario established a flat per-mile VMT fee that generated a similar
amount of net revenue as the amount already collected in Texas through the state gas
tax. Although this scenario would not serve to increase the funds currently generated
through the state gas tax, it could be used as a tool to familiarize drivers with the concept
of a VMT fee.
Scenario 2: Flat VMT Fee for Added Revenue

Similar to Scenario 1, this scenario established a flat per-mile VMT fee.
However, rather than simply generating a revenue similar to that currently collected
through the Texas state gas tax, this scenario examined collecting the additional revenue
needed to reach the infrastructure and mobility goals established by the 2030 Committee
on Texas Transportation Needs—which totaled an additional $14.3 billion annually
(Texas 2030 Committee, 2009).
Scenario 3: Three-Tier VMT Fee to Encourage “Green” Vehicles

This scenario was designed to develop a VMT fee system that would encourage
the use of fuel-efficient vehicles. Initially, vehicles with a fuel economy less than the
median fuel economy were charged a $0.020 per mile VMT fee; vehicles with a fuel

economy between the median value and the mean value were charged a VMT fee of



$0.015 per mile; and vehicles with a fuel economy greater than the mean value were
charged a VMT fee of $0.010 per mile. This scenario structure was designed under the
assumption that the mean vehicle fuel economy is greater than the median vehicle fuel
economy. The idea behind this scenario stems from a scenario implemented in research
performed by Zhang and McMullen in their paper entitled, Green Vehicle Mileage Fees:
Concept, Evaluation Methodology, Revenue Impact, and User Responses (Zhang and
McMullen, 2010). Upon calculating the total revenue generated under this VMT fee
scenario, the fees assessed to each fuel economy level were then scaled to more
accurately meet the projected revenue needed to address Texas’s infrastructure and
mobility needs; with an additional $14.3 billion of revenue generated annually.
Scenario 4: Urban versus Rural Distinction

Urban roadways and rural roadways have different costs, characteristics and
travelers. Urban roadways are generally more congested and serve higher volumes of
vehicles often taking shorter (length-wise) trips. On the other hand, rural facilities allow
for more direct travel between remote locations; though at times they are infrequently
traveled. Given their different and distinct functions and costs, it may be more equitable
to charge a different rate for urban and rural travel; as suggested by Mark Hornung
through discussion boards posted by members of the Transportation Research Board
(TRB) Freight Transportation Economics and Regulation Committee (unpublished
work). This scenario assessed a different flat VMT fee for travel on urban roadways and

travel on rural roadways.



All scenarios were based on the concept of keeping the federal gas tax
unchanged, but replacing the Texas state gas tax with the proposed VMT fee scenarios
for all gasoline-run vehicles included in this analysis. Transportation fees assessed to
vehicles not running on gasoline and vehicle types not included in this analysis would
continue to be assessed the state gas tax—rather than converting to the proposed VMT

fees. The following section describes what each chapter within this thesis includes.

THESIS OUTLINE

Chapter I, Introduction, provides a background on the motivation behind
considering potential VMT fee scenarios and the importance behind studying the equity
impacts of the VMT scenarios. A brief description of the data used in the equity analysis
is given. An introduction to the two data models used in this analysis—namely static
and dynamic—is provided. Additionally, the four scenarios analyzed as part of this
research effort are briefly outlined. Lastly, an outline of what is contained in the
remainder of this thesis is provided.

Chapter II, Literature Review, includes background information on supporting
topics ranging from VMT fee case studies, to issues surrounding the design and
implementation of VMT fees, to equity, to model selection, to Texas infrastructure
needs.

Chapter II1, Data Merging, Filtering, and Weighting, begins by providing
some background information on the NHTS. A description of the process used to merge

data from both the Texas Add-on dataset and Version 2.1 of the publically available



NHTS dataset is given. The process and criteria used to filter the NHTS data to only
include complete, relevant vehicle and household information is outlined. Additionally,
a description is provided on the techniques used to weight the survey data to reflect the
vehicle-owning households of Texas.

Chapter IV, VMT Fee Scenario Structure, Analysis, and Results, further
describes the structure of each of the VMT fee scenarios considered in this analysis.
Then, a description of how each of the four scenarios was applied to the weighted data—
first using a static model and then using a dynamic model—is given. A discussion of
differences in the results obtained using the two model types is provided. A list of
potential VMT fee goals for policy-makers to use as a starting point in creating their own
VMT fee goals is provided. Additionally, a comparison of the equity impacts for each
scenario is presented.

Chapter V, Conclusions and Recommendations, supplies a discussion of
conclusions that can be drawn from the equity results obtained for each scenario. Areas
of future research that may stem from the work performed within this thesis are

suggested.
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CHAPTER II

LITERATURE REVIEW

In performing research on the equity of VMT fee scenarios in Texas, there are
several related topics that deserve review. This chapter presents pertinent background
information in areas related to this research effort. Included topics encompass VMT fee
case studies illustrating the need for further research; issues related to VMT fee
implementation; equity and how it is measured; model type selection and the strengths
and weaknesses surrounding the use of a static model versus a dynamic model; as well
as growing Texas infrastructure needs and how the VMT fee scenarios performed within

this research can help address projected funding need estimates.

VMT FEES

VMT fees are viewed by many as an attractive option to replace the gas tax
because of its ability to better hold motorists accountable for their use of the roadway
and to foster the collection of funds needed to maintain and improve the infrastructure
(Zhang and McMullen, 2010); (Forkenbrock and Hanley, 2006); (Lindsey, 2010);
(Zhang, McMullen, Valluri and Nakahara, 2009); (McMullen, Zhang and Nakahara,
2010); (National Surface Transportation Infrastructure Financing Commission, 2009).
Several states have experience with some form of implemented pilot studies of VMT
fees. The next two sections review case studies and research related to VMT fees and

the major issues surrounding their design and eventual implementation.
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Case Studies: Oregon

The 2001 Oregon Road User Fee Task Force (RUFTF) was charged with
brainstorming possible transportation fee ideas. As a result, a VMT fee pilot test was
conducted in Oregon. The test involved over 200 vehicles and had two service stations
equipped with the technology needed to communicate with those 200 participating
Global Positioning System (GPS) equipped vehicles. The pilot test concluded that the
implementation of a VMT fee scenario has potential, and would become increasingly
feasible as technology improves. Until wide-spread technology for VMT fee collection
becomes available, unequipped vehicles could continue to be charged the state gas tax
(Rufolo and Kimpel, 2008). Additionally, the pilot test compared the effect that being
charged a VMT fee equivalent to the amount paid under the state gas tax by a vehicle
with average fuel efficiency, versus being charged a higher VMT fee during the peak-
hour and a lower VMT fee during the off-peak hours, had on driving behavior.
Compared to the control group that continued to be charged the state gas tax, persons
charged a VMT fee drove less. Additionally, persons who had to pay a higher VMT fee
in the peak period drove 20 percent less during the peak-hours when compared to the flat
VMT category (Rufolo and Kimpel, 2008). This supports the idea that use of a dynamic
model in assessing VMT fee impacts may be beneficial in reducing VM T—especially
during peak-hours. However, it is difficult to say whether this result would be observed
to the same extent if the subjects were not under experimental conditions.

Additional aspects of VMT fee experiments performed in Oregon have been the

focus of several research papers within the literature. For instance, Kim et al. discuss the
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technology that was used in Oregon’s VMT-fee pilot test in their article; focusing on the
on-vehicle device technology, the service static technology, and the data storage and
retrieval technology (Kim, Porter, Whitty, Svadlenak, Larsen, Capps, Imholt, Pearson
and Hall, 2008). The authors remark that the pilot test showed that technology can
enable VMT fees to be collected without drivers and system operators needing to spend
extra time and effort in reporting and handling VMT fees. Additionally, the technology
configuration used would allow VMT fees to be implemented gradually, in a manner
that would allow for the dual operation of either the gas tax system or a VMT fee
system—until all vehicles had the properly installed technology needed for VMT fee
collection (Kim, Porter, Whitty, Svadlenak, Larsen, Capps, Imholt, Pearson and Hall,
2008).
Case Studies: lowa

A large-scale study on mile-based fees is currently being conducted by the
University of lowa Public Policy Center (The University of lowa Public Policy Center,
2011). As part of this road user study, an on-board computer capable of tracking VMT
was installed in the vehicles of volunteers in twelve cities across America. The on-board
computers were used to monitor motorist’s travel for ten months. Participating vehicles
continued to be charged the current gas tax—with the VMT fee being purely theoretical
and tabulated only for research purposes. Participating vehicles were paid for their
participation, contingent on their receiving training and on their duration of participation.

The VMT fee rate varied based on the participant’s jurisdiction location and the fuel
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efficiency of their vehicle. Results of the study are still being compiled, and upon their
completion will be presented to the Department of Transportation.
Case Studies: 1-95 Corridor Coalition

States along the eastern coast of the United States (who are part of the [-95
Corridor Coalition) have discussed the possibility of establishing a multi-state VMT
revenue system. As part of an effort to examine legal issues surrounding the Coalition,
surveys of eight of the entities involved in the Coalition (in addition to Oregon, given its
vast VMT experience) were undertaken. Although issues such as revenue collection,
system structure (fee, tax, toll), privacy concerns, revenue distribution, rate
determination, and multi-state agreements were discussed, “None of the responses
suggested a state-wide VMT-based system of charges would create insurmountable state
constitutional or other legal issues (I-95 Corridor Coalition, 2011).”
VMT Fee Self-Financing Research: Indiana

As part of Indiana’s efforts to develop VMT fee scenarios, research was
conducted to determine the self-financing level of urban and rural roadway
classifications. Options of simply maintaining the revenue level currently collected with
the gas tax system or increasing the revenue to desired levels for future transportation
infrastructure needs were considered. Scenarios replacing either the state gas tax or both
the state and federal gas tax were tested. Oh et al. found that a cross-subsidy across
different facility types occurs when a flat VMT fee is applied; with urban highways
subsidizing rural non-interstate systems, rural interstate systems subsidizing rural non-

interstate systems, and urban non-interstate systems subsidizing urban interstate systems.
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Financing equity can be achieved across facility type when varying fees are paid on
differing facilities (Oh, Labi and Sinha, 2007).
VMT Pollution Fee Research: California

Research was done by Kavalec and Setiawan on the possibility of a pollution fee
in southern California charged on a VMT basis. Vehicles with different emission levels
would be charged a different per mile fee rate. The simulation indicated that a pollution
fee with this design may be regressive in nature because generally lower income
households own older vehicles that produce more pollutants. However, the regressive
nature of the pollution fee would likely diminish with time (Kavalec and Setiawan,
1997). The authors also indicated that keeping track of vehicle miles may be an issue,
stating that, “preventing noncompliance, evasion, or fraud may be difficult (Kavalec and
Setiawan, 1997).”
Case Studies: VMT Insurance

Some companies already offer per-mile insurance (i.e., MileMeter in Texas, Real

Insurance PAYD in Australia, Nedbank Pay Per K Coverage in South Africa,
PolisDirect in Holland, Progressive MyRate, etc.) (Litman, 2010). Litman argues that
this type of insurance system, “Increases equity by making premiums more actuarially
accurate. It makes vehicle ownership more affordable and provides financial savings,
particularly for lower income motorists (Litman, 2010).” It is also argued that safety is
closely linked to the number of miles driven; thus, if vehicles are driven less, the chance
of an accident decreases. As with other VMT fee research, there are several areas of

concern; including privacy, fraud, and administrative costs. Based on an analysis that
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considered the implementation costs and effectiveness of five different distance-based
pricing options (mileage rate factor, pay-at the pump, per-mile premiums, per-minute
premiums, and GPS-based pricing), Litman found that the mandatory per-mile premium
“provide[d] the greatest net benefits (Litman, 2010).”

Issues Surrounding VMT Fees

As states continue to research the best course of action to take in the
development of a transportation fee that will meet their future needs, there are a number
of issues to address—many of which relate to VMT fee scenarios. Of paramount
importance is how the proposed transportation fee will be able to capture needed revenue
for transportation projects. As previously mentioned, America’s infrastructure is
deteriorating and is in need of additional funding. It may be prudent to initially establish
a system that merely matches the amount currently collected through the gas tax, and
then incrementally increase the amount charged to reach a desired sum needed to help
bridge the current funding gap between available transportation funding and revenue
needed to maintain and improve the transportation infrastructure.

However, in the process of striving to increase transportation revenue, it is
important to consider the overarching goal of establishing a new transportation fee. As
stated by former United States Transportation Secretary, Mary Peters, “It is far more
critical that the federal government establish clear policies, providing appropriate
incentives and allocating resources more efficiently, than it is for substantial increases in
total federal spending (Koss, 2008).” The same could be said of transportation funds at

the state level.
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Another critical issue to consider is the method of fee collection. Technology
continues to evolve and allow for more tasks to be performed better, faster, and cheaper.
In the case of a VMT fee, there needs to be a method established to both collect mileage
data and assess the proper charge to the vehicle owner. Odometer readings are one
option. However, issues of mileage reporting integrity arise, as previously mentioned by
Kavalec and Setiawan (Kavalec and Setiawan, 1997). Dishonest people will always find
a way to beat the system; yet the vast majority would likely be honest in their mileage
reporting, which could be collected during the yearly vehicle registration process (where
that is done). Though feasible, using odometer readings as the means of collecting VMT
fees would not allow charges to be linked to the facility type and location that each mile
was driven on, and thus, make targeted fee scenarios impossible to implement. Plus,
there are many locations that do not have annual inspections. However, in locations
where annual vehicle inspections are required and where other technologies are not in
place, use of odometer readings may be a more feasible, affordable option.

Technology continues to improve and expand; thus, the possible use of several
technology-based collection options exist, including the use of GPS units, video tolling
using a license plate reader (LPR), and automatic vehicle identification (AVI) using a
transponder (Wells, 2010). A major concern with VMT fee collection technology is the
cost of installation and subsequent collection. The more frequently mileage information
is collected, the more expensive the collection proposition. In the case of a global
positioning system (GPS) unit, the type of on-board unit (OBU) used for mileage

tracking greatly affects the cost; with thick OBUs estimated at $650 and thin OBUs
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estimated at $195 (Wells, 2010). The term “thick” OBU is sometimes interchanged with
the term “intelligent” OBU (Pickford and Blythe, 2006). “Although the definitions of
thick and intelligent have not been standardized, it is generally accepted that an OBU
that estimates position and matches this to the terrestrial data of road segments is known
as an intelligent client (Pickford and Blythe, 2006).” Thick OBUs may also have the
ability to internally keep track of the VMT fee price and subsequent total fees owed. On
the other hand, a thin OBU sends information to a data center that stores the information
and later bills the owner of the vehicle (Hassan, 2007). Thus, while the thin OBU itself
is cheaper than the thick OBU, communication costs are higher when thin OBUs are
implemented (Hassan, 2007).

The additional cost of the thick OBU itself offers the added benefit of reduced
privacy concerns; however, the process of updating mapping software is more
complicated than for thin OBUs (Wells, 2010). As suggested by Wells, OBU costs may
be more justified if the point of the technology installation was not merely revenue
based, but also facilitated the implementation of congestion pricing, emission fees,
traffic data collection, and rates that vary based on road load-bearing capacity (Wells,
2010). The potential for VMT fee scenarios to not only address the issue of collecting
revenue for the transportation infrastructure, but also to help mitigate congestion by
creating incentives to travel during the off-peak hours, was previously described in the
work of Rufolo and Kimpel (Rufolo and Kimpel, 2008). Regardless of the VMT fee
scenario, technology is not perfect and problems with collection and mileage reporting

may arise; with problems being minimized as technology improves (Oh, Labi and Sinha,
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2007); (Wells, 2010). Research into developing an agile OBU that incorporates the best
aspects of thin and thick OBUs has been performed and research into technology
improvements are on-going (Hassan, 2007).

Privacy concerns are often linked to the expanse of technology. Individuals do
not want to feel like they are constantly being watched and that their travel can be
monitored. This concern was voiced by Senate Environment and Public Works Chair,
Barbara Boxer, in response to recommendations made by the National Surface
Transportation Policy and Revenue Study Commission in how to address transportation
funding needs. According to an article by Koss that was paraphrasing Boxer, “[Boxer]
would consider the study’s recommendations on tolling, the roles of private and
municipal investment in infrastructure upgrades, and switching to a “vehicle miles
traveled’ funding fee in 2025, if privacy concerns are addressed (Koss, 2008).” While it
is understandable that individuals and policy-makers alike may be apprehensive about
privacy concerns related to a VMT fee, these fears can be minimized by use of delayed
GPS data reporting and minimal data storage.

Environmental concerns are also an issue that may shape transportation fee
structure development. As previously mentioned, President Obama is pushing to
increase the fuel economy standard of vehicles. Referring to these new standards, The
New York Times quotes Daniel Becker, director of the Safe Climate Campaign, as
saying, “This is the single biggest step the American government has ever taken to cut
greenhouse gas emissions (Broder, 2009).” The transportation sector is the second

leading contributor to greenhouse gas emissions—behind only the electric power sector
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(Morrow, Gallagher, Collantes and Lee, 2010). While policies that help reduce
greenhouse gas emissions from the transportation sector (largely stemming from carbon
dioxide) are a benefit to the environment, the current gas tax system does not appear to
be able to simultaneously remedy environmental concerns and revenue shortfalls.

On the one hand it may be argued that a new transportation fee system should not
penalize those who buy hybrids and other fuel-efficient vehicles by charging them the
same fee assessed to less environmentally-friendly, low fuel-efficient vehicles. After all,
under the current gas tax system, the more fuel-efficient the vehicle, the less money paid
in gas tax. In addition to benefits at the pump, incentives have been attached to the
purchase of alternative fueled vehicles. Gallagher and Muehlegger researched hybrid
incentives at the state level, using data from multiple states for the years 2000-2006.
Interestingly, the authors found that, “The form of incentive is as important a factor in
consumer adoption as incentive generosity (Gallagher and Muehlegger, 2010).” The
authors further state that, “The results suggest that immediacy, transparency, and ease
may be important attributes when designing incentives meant to affect consumer
behavior (Gallagher and Muehlegger, 2010).” The same may be true of a transportation
fee. Not only should the total transportation fee amount be considered, but also the form

in which it is charged.

EQUITY
According to Oh et al., “The criterion of equity is a measure of the fairness of a

pricing scheme to different user groups (Oh, Labi and Sinha, 2007).” User groups may
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be defined by household income level, household geographic location, vehicle type
classification, or roadway facility type (Zhang and McMullen, 2010); (Oh, Labi and
Sinha, 2007). As previously mentioned, Oh et al. addressed the issue of equity among
roadway facility types; though not enough data were available to break the analysis
down by vehicle class (Oh, Labi and Sinha, 2007). The research presented within this
thesis uses 2009 NHTS Texas data, which allows for an equity analysis that produces
results disaggregated by household income level and household geographic location
based on results obtained using vehicle fuel economy data.

Equity pertains to multiple ideas presented among the VMT fee areas needing
further research as suggested by the Joint Subcommittee on VMT Fee Revenues at the
2011 TRB annual meeting (Regan, 2011). Pertinent ideas include the following:

e “Determine how various rates affect equity and fairness amongst motorist
classes, and assess whether the general public accepts subsidies for certain
classes such as rural drivers and poorer drivers (Regan, 2011).”

e “Assess the socio-economic effects and the associated implications of moving
from charging per gallon to charging by mile under various policy applications
(Regan, 2011).”

e “Conduct an assessment of equity issues, comparing the existing system with a
mileage-based system, and research fairness concerns such as those related to
urban versus rural interests and the affects of a mileage-based fee system on

lower income drivers (Regan, 2011).”
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It is not surprising that investigation into the equity impacts surrounding VMT
fee scenarios has surfaced as a critical area of research that must be addressed prior to
implementing a new transportation funding system that has the potential to generate
billions of dollars of additional annual revenue. Transportation projects often are
required to address equity concerns. In fact, all transportation projects that receive
federal funding require an Environmental Impact Statement (EIS); part of which
includes an assessment of the project’s Environmental Justice. As defined by the
California Department of Transportation (Caltrans), “Environmental Justice in terms of
transportation projects can be defined as the fair treatment and meaningful involvement
of all people regardless of race, color, national origin or income, from the early stage of
transportation planning and investment decision making through the construction,
operations and maintenance (Caltrans, 2010).” This supports investigation into the
equity impacts of VMT fees with respect to household socioeconomic and geographic
location variables; as was done in this research. The following sections further define
what equity is and provide examples of how equity has been addressed in past research.
Horizontal Equity

Two major subdivisions of equity exist; horizontal equity and vertical equity.
Several different definitions of horizontal equity are found within the literature.
According to Litman, “Horizontal equity is concerned with the distribution of impacts
between individuals and groups considered equal in ability and need (Litman, 2002).” In
other words, horizontal equity suggests that, “public policies should avoid favoring one

individual or group over others (Litman, 2002).” As described by Toutkoushian and
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Michael, horizontal equity is the “equal treatment of equals (Toutkoushian and Michael,
2007).” Similarly, Taylor and Norton state that, “Horizontal equity considers how
members of the same group (the elderly, bus riders, etc.) fare relative to one another
(Taylor and Norton, 2009).”
Vertical Equity

By contrast, “Vertical equity is concerned with the distribution of impacts
between individuals and groups that differ in abilities and needs, in this case, by income
or social class (Litman, 2002).” This implies that in order for equity to exist, poor or
disadvantaged individuals should be charged less than their more wealthy counterparts
(Litman, 2002). In other words, vertical equity suggests the “unequal treatment of
unequals (Toutkoushian and Michael, 2007).” The consideration of horizontal equity
and vertical equity is not unique to the field of transportation (Toutkoushian and
Michael, 2007). However, within the transportation discipline there are a myriad of
applications.

Lorenz Curves (see Figure 1) and Gini Coefficients are common visual and
quantitative methods respectively, used to assess vertical equity. By definition, the line
representing equity on a Lorenz Curve is bounded by (0,0) and (1,1) (Drezner, Drezner
and Guyse, 2009). Drezner et al. explain that the line of greatest equity is when “x% of
the population has x% of the good (Drezner, Drezner and Guyse, 2009).” Research into
methods of approximating the Lorenz Curve (Ogwang and Gouranga Rao, 1996) and
developing hybrid curve approximations has been performed (Ogwang and Rao, 2000).

Similarly, the Gini Coefficient can range from 0 to 1, with 0 indicating complete income
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equality and 1 indicating complete income inequality (Rock, 1982). Drezner et al.
describe the calculation of the Gini Coefficient by stating, “The Gini coefficient (G) is
the ratio of the area between the Lorenz Curve and the straight “equity” line to the entire
area below the equity line with 0< G<1 (Drezner, Drezner and Guyse, 2009).” This is

shown mathematically in Equation (1) (see Figure 1).
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Figure 1. Lorenz curve plot (adjusted from a plot presented by Drezner, Drezner and
Guyse, 2009)

Closely related to the concept of Lorenz Curves is the Suit Index, often referred

to as the S-Index. Index values can range from -1 to 1; with -1 indicating absolute
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regressivity, 0 indicating proportionality, and +1 indicating absolute progressivity.
Litman defines the meaning of progressive and regressive by stating that, “Policies
favoring disadvantaged groups are called progressive, while those that excessively
burden disadvantaged people are called regressive (Litman, 2002).” As stated by Rock,
“To apply the S-index, families are ranked from lowest to highest income, and the
accumulated percentage of tax burden associated with the corresponding accumulated
percentage of income needs to be obtained (Rock, 1982).” A visual representation of
how the S-Index is used is shown in Figure 2; with the difference between a progressive
tax and a regressive tax illustrated. Rock investigated the S-Index for several
transportation financing alternatives using 1972-1973 Bureau of Labor Statistics
Consumer Expenditure Survey data and found that most transportation financing options

were regressive (Rock, 1982).
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Figure 2. Tax burden versus income (Rock, 1982)
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Equity Research

Taylor and Norton give an extensive description of the different types of equity
that can be defined and measured within transportation (Taylor and Norton, 2009). They
state that, “Equity gets defined quite differently by different interests at different times
(Taylor and Norton, 2009).” This is an important point to realize because in evaluating
equity it must be understood what exactly is being evaluated in order to get clear,
meaningful results and to allow for comparisons between different transportation
revenue scenarios. Another important point the authors discuss is the concept that as
fees contributing towards transportation revenue become more and more distanced from
a traveler’s use of the transportation system, the less likely an individual is to consider
the travel externalities they impose on the system when making decisions about trips
(Taylor and Norton, 2009). Although the current gas tax is somewhat linked to how
much a traveler uses the transportation system, as vehicles become increasingly more
fuel efficient, the connection between usage and fee will weaken. A VMT system would
help to solidify the concept that the more you use the transportation system, the more
you pay. Taylor and Norman go on to list trips, passenger miles traveled, and a per
capita basis as three common reference units used to evaluate equity—emphasizing that
the reference units selected greatly impact the equity results (Taylor and Norton, 2009).
Similarly, three main units of analysis exist—geographic, group, and individual. The
geographic unit is commonly used by elected officials in the consideration of equity; the
group unit is often used by advocates and activists; and the unit of individual is the

typical domain of social science scholars (Taylor and Norton, 2009).
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Lari and Iacono investigated vertical equity issues using data from the Twin City
area of Minnesota. The authors describe vertical equity as relating to “the equity of a
policy with respect to groups of users with different economic circumstances (ability to
pay) (Lari and Iacono, 2006).” Interestingly, they note that, “Among the taxes used to
finance transportation, most are moderately regressive, with the motor fuel tax being the
most regressive (Lari and lacono, 2006).” However, the authors also found that higher
income households generally make not only more trips but also longer trips. Thus, in
order to make funding the infrastructure less regressive, the authors propose shifting
more towards fees, such as the motor fuel tax, that are more closely related to use of the
system and move away from taxes that are not closely linked to usage (Lari and Iacono,
2006). VMT fees may be even more closely linked to usage than the motor fuel tax.
One of the objectives of this thesis was to investigate the validity of this statement by
comparing the distributional equity impacts of the current state gas tax in Texas to
several VMT fee scenarios.
Evaluating Equity

Based on the equity definitions and research presented to this point, it is evident
that there are many different available methods to evaluate equity (Lorenz Curves, Gini
Coefficients, Suit Index, etc.). The Gini Coefficient was used in this analysis to
quantitatively evaluate the vertical equity of each VMT fee scenario relative to the
vertical equity of the current state gas tax. Due to such subtle differences in Lorenz
Curve points for each scenario, it was determined that this type of visual representation

would not be as effective as a mathematical comparison (the Gini Coefficient).
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However, as a point of reference, the Lorenz Curve for the Texas state gas tax is shown

in Figure 3.
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Figure 3. Lorenz curve for Texas state gas tax in 2008

As for the Suit Index, household income level data were only available in an
aggregated form. Therefore, it would not have been possible to rank individual

households by household income level and would have yielded results similar to the

Lorenz Curve. Chapter IV includes and discusses the Gini Coefficients calculated in this

research.

Another important point to note in the evaluation of equity within this analysis is

how the terms “progressive” and “regressive” were used. As suggested previously, the

term regressive generally implies that low income households spend a higher percentage
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of their total household income on a specific fee category. However, given that for all
VMT fee scenarios included in this analysis it was assumed that the VMT fee would
only replace the state gas tax (which is merely a fraction of the overall price of gasoline),
regressivity comparisons did not consider overall changes. Rather, this analysis focused
more on the relative change in the weighted average amount collected under the current
state gas tax compared to each VMT fee scenario. In other words, the interest was in
whether a given VMT fee scenario placed a higher percent burden on low income
households (defined to be more regressive) or more of a burden on high income
households (defined to be more progressive) than the current state gas tax.

Horizontal equity was evaluated by comparing the percent of the total state gas
tax or VMT fee assessed to urban households versus rural households. Scenario 4,
which was briefly described in Chapter I, was designed to create horizontal equity—
establishing different VMT fees for different roadway types by assuming the percent of
urban household and rural household VMT and charging a rate that would raise funds
needed for the corresponding shared improvement costs (needed for both urban
roadways and rural roadways) or infrastructure and mobility costs unique to a given
roadway type (Texas 2030 Committee, 2009). With Scenario 4 deemed to display
perfect horizontal equity, all other scenarios—including the current state gas tax—were

compared to this standard in order to determine their relative horizontal equity.
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MODEL SELECTION: STATIC VERSUS DYNAMIC

Though many different types of models can be used to assess the equity impacts
of a VMT fee, each model broadly falls into either the category of static or dynamic. A
good example of where both types of models were used to assess equity can be seen in
research conducted by Zhang and McMullen (Zhang and McMullen, 2010). Data used
by Zhang and McMullen were obtained from the 2001 Oregon National Household
Travel Survey (NHTS) data. Four-hundred seven Oregon households were included in
the survey; though only households containing all of the relevant information needed for
a given model were included within the analysis of that model (Zhang and McMullen,
2010). Zhang and McMullen tested a flat VMT fee, along with two “green VMT fee”
scenarios based on vehicle fuel economy; considering equity impacts based on
household income levels and geographic locations in Oregon, through the use of four
different models—static, regression, simultaneous, and discrete. A distinguishing
feature of the static model is that it “assumes no behavioral changes by vehicle owners in
response to the change in tax, which essentially assumes that the price elasticity of
demand for miles is zero (Zhang and McMullen, 2010).” The static model is also the
easiest for elected officials to understand (Zhang and McMullen, 2010).

The other models Zhang and McMullen considered are dynamic in nature. The
regression model assumes that several factors, including “fuel cost per mile, household
income, household location, number of vehicles currently owned by the household, and a
vector of other household characteristics” affect the miles a household drives (Zhang and

McMullen, 2010). The simultaneous model assumes that the number of vehicles a
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household owns, those vehicles’ fuel economies, and the number of vehicle miles driven
are interconnected and decided simultaneously with a change in the transportation fee.
The discrete model considers the effects of changes in both vehicle quantity and vehicle
type; with the two behaviors determined independently (Zhang and McMullen, 2010).
The authors found that the static model overestimated revenue increases for their
scenarios labeled 1 and 2; though not in a uniform manner among income groups, which
produced biased distributional effects (Zhang and McMullen, 2010). However, given
the relatively small changes caused by alterations to the transportation fee, the long-term
behavioral changes are relatively minimal. Thus, it may not be worth the extra time and
money to develop and use a model that considers long-term behavioral changes in
response to a VMT fee scenario being implemented (Zhang and McMullen, 2010).

When deciding whether to use a static model or a dynamic model when modeling
the short-term travel impacts of a VMT fee, the researcher should consider the ultimate
purpose of the model. If it is vital that elected officials be able to easily understand the
results, a static model may be advisable. However, if useful and relevant price
elasticities are available, doing a comparison of static and dynamic results could be
beneficial; but an important caveat to consider in the design of dynamic models is
balancing simplicity with fit. In other words, even though a highly complex dynamic
model may have the potential to consider a host of variables—and thus generate output
that more accurately mirrors traveler response—the usefulness of the output may be

masked by its complexity. Therefore, the researcher should use common sense and
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strive to achieve the proper balance between creating a detailed model and creating a
useful model.

For the purposes of this research, both static and dynamic results were obtained
and compared for each scenario. Elasticities used in the dynamic model were
disaggregated by both household income level and household geographic location
(Wadud, Graham and Noland, 2009). The dynamic model assumed that no households
would change their vehicle fleet composition due to changes in the transportation fee.
Rather, under the dynamic model, a short-term response was assumed—implying that
the only change brought about by the change in transportation fee was a change in a
vehicle’s VMT. Further discussion on the elasticities used in the dynamic model is

provided in Chapter IV.

TEXAS INFRASTRUCTURE NEEDS

One of the most important factors motivating the study of VMT fees is the need
to obtain more funding to support the maintenance and improvement of Texas’s
infrastructure. Funding for highways is a major concern. As of 2003, Texas estimates
were put at, “a staggering $179-billion transportation need in the next 25 years [and]
another $79 billion needed to alleviate peak hour demand (Powers, 2004).”

Concerns about revenue available for Texas’s infrastructure have been voiced
throughout the past decade. In 2007, Ric Williamson, Texas Transportation
Commissioner, was quoted as saying, “The estimated revenue from the state gas tax does

not even cover our state’s maintenance budget for the next biennium (Williamson,
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2007).” The fact that the transportation sector is competing for funding with so many
other worthwhile causes increases the difficulty in successfully championing the effort to
increase transportation funds. However, there are many factors that contribute to the
importance of the transportation infrastructure quality; among them travel time, travel
comfort, vehicle maintenance needs, and safety.

Receiving funding needed for the infrastructure is not the only issue to consider;
a plan of how available funds will be used is also necessary for success. On the state
level, this is closely linked to the Statewide Transportation Improvement Program
(STIP), which includes a plan detailing which projects will receive federal funding for a
given range of fiscal years. The Transportation Improvement Plan (TIP) for each
transportation district within the state is compiled into the statewide document known as
the STIP. For instance, in Texas, the Bryan District TIP for fiscal years 2008-2011
details projects slated to receive federal funding, the budgeted amount for that project,
and all highway or transit categories that apply to the project (Texas Department of
Transportation, 2007). It is important that states have a plan in place of how money for
the transportation infrastructure, once received, will be used. Concerns over this issue
surfaced in the shipping industry in early 2009 as the federal government made plans to
allocate $85 billion to $150 billion dollars to infrastructure improvements. Many did not
feel that an adequate plan was in place on how states should use this allocated money
(Hoffman, 2009).

As mentioned in the brief overview given of Scenario 2 in Chapter I, a committee

was formed to address the 2030 infrastructure needs of Texas. The results of the efforts
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of the Committee represent progress towards effectively allocating resources if and when
they are received. The paper summarizing the findings of the Committee states that, “As
a result of use and age, Texas’ highway infrastructure is showing signs of deterioration
(Texas 2030 Committee, 2009).” Infrastructure deterioration issues are in and of
themselves cause for concern, but additional problems are also linked to infrastructure
needs. The summary goes on to say that, “Driving on roads that are in disrepair
accelerates vehicle deterioration, escalates roadway maintenance costs and increases fuel
consumption (Texas 2030 Committee, 2009).” Thus, charging a VMT fee in place of the
current state gas tax would not only hold motorists accountable for their use of the
infrastructure, but may actually decrease money wasted on fuel during congestion. The
Committee established investment levels needed to reach both mobility and
infrastructure goals. For 2009-2030, an annual investment of $14.3 billion is needed to
fund improvements to pavements, bridges, urban mobility, rural mobility, and safety
(Texas 2030 Committee, 2009). Given that this is a staggering amount of revenue—
especially when considering that state highway fund revenue coming from motor fuel
tax allocations in the year 2008 totaled $2.3 billion (Combs, 2011)—it is important to
plan for how this additional revenue could be generated. Scenarios 2-4 included in this
analysis were designed to generate these additional funds—as further described in

Chapter IV.
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SUMMARY

As evidenced by a review of the literature, further investigation into VMT fees is
both timely and critical given their potential to help address Texas’s infrastructure and
mobility needs. Past case studies and reviews outlining VMT fee concerns provide a
framework for future study. Equity is one of the important issues that should be
addressed. This research effort compared the equity impacts related to four proposed
VMT fee scenarios, as well as the current state gas tax, as further described in Chapters

III, IV, and V.
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CHAPTER 11

DATA MERGING, FILTERING, AND WEIGHTING

The data used in this research effort were obtained from the 2009 NHTS dataset.
Data pertinent to Texas were obtained from information supplied as part of Texas’s Add-
on participation in the 2009 NHTS. Permission to use these data was granted by the
Texas Transportation Institute (TTI) and the Texas Department of Transportation
(TxDOT). Some additional variables used in the analysis were obtained from Version
2.1 of the 2009 NHTS dataset provided through the NHTS website (http://nhts.ornl.gov/
index.shtml). It was necessary to merge variables obtained from both the Texas Add-on
deliverables and Version 2.1 of the NHTS publically available dataset. The data were
then filtered to only include survey data for vehicle records containing all of the
information deemed necessary for analysis. After filtering was implemented, the data
were weighted to reflect all 2008 Texas vehicle-owning households; with a distinction
made between urban households and rural households. This chapter further describes
the NHTS dataset, and explains the data merging, data filtering, and data weighting

processes.

NHTS
The NHTS is a large-scale, nationwide survey that provides planners and
researchers with information relevant to the travel patterns of Americans, as well as

demographic information that may affect travel (U.S. Department of Transportation,
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2010) (see Appendix A for the 2009 NHTS Household Screener Interview and Appendix
B for the 2009 NHTS Extended Interview). Some form of the NHTS has been
administered every five to seven years since 1969 (Oak Ridge National Laboratory,
2004)—with the most recent NHTS being conducted from March 2008 to May 2009
(U.S. Department of Transportation Federal Highway Administration, 2011). Its two
predecessor surveys—the National Personal Transportation Survey (NPTS) which
focused on short trips and the American Travel Survey (ATS) which focused on long
trips—were first combined in 2001 (Oak Ridge National Laboratory, 2004). However,
the 2009 NHTS moved away from the collection of detailed information about long-
distance trips—which is one example of how although common threads exist between
each NHTS and its predecessors, each new survey reflects changes from past surveys
(U.S. Department of Transportation Federal Highway Administration, 2011). Previous
data collected through the NHTS and its predecessors have been used in the study of a
wide range of topics (Zhang and McMullen, 2010); (Pucher and Renne, 2004); (Tal and
Handy, 2010); (Ouimet, Simons-Morton, Zador, Lerner, Freedman, Duncan and Wang,
2010); (Collia, Sharp and Giesbrecht, 2003).

In the 2009 NHTS, over 150,000 households nationwide were included. Many of
these were obtained as part of Add-on surveys sponsored by various agencies, often state
DOTs (U.S. Department of Transportation Federal Highway Administration, 2011). As
the largest Add-on constituent, TxDOT paid for roughly 20,000 additional household
surveys to be performed in Texas, beyond those already included as part of the national

sample (U.S. Department of Transportation Federal Highway Administration, 2011).
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The data distributed to the Add-on participants were classified into five files; namely
person, household, vehicle, trip, and location (Federal Highway Administration, 2009);
with common variables amongst the files making it possible to merge data between the
files. The vehicle files included as part of Version 2.1 and the Texas Add-on specific
data contained all of the Add-on data relevant to this research. Pertinent variables and

their definition are presented in Table 1.

Table 1. Relevant NHTS Variables and Descriptions

NHTS Variable Variable Definition
ANNMILES Self-reported annualized mile estimate
CMPLTPCT Percent of household members that completed the interview
EIADMPG EIA derived miles per gasoline-equivalent gallon estimate
FUELTYPE Type of fuel
GCOST Fuel cost in nominal US dollars per gasoline-equivalent gallon
HHFAMINC Derived total household income
HH_HISP Hispanic status of household respondent
HHSIZE Count of household members
HHSTATE State household location
HH RACE Race of household respondent
HHVEHCNT Count of household vehicles
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Table 1. cont.
NHTS Variable Variable Definition
HOUSEID Household eight-digit ID number
HYBRID Vehicle is hybrid or uses alternate fuel
LIF CYC Life cycle classification for the household
URBRUR Household in urban/rural area
VEHTYPE Vehicle type
VEHYEAR Vehicle model year

MERGING THE DATA

Some of the variables relevant to this analysis were specific to the Texas Add-on
vehicle file, while other variables were filtered from the vehicle file of Version 2.1 of the
2009 NHTS dataset obtained from the NHTS website (http://nhts.ornl.gov/index.shtml).
It was necessary to merge variables from both datasets. The files were matched based
on the unique HOUSEID variable.

For the most part, conformity between common variables was realized.
However, the coding of some variables was redefined in Version 2.1; contributing to
some differences in values found between the datasets. Most notably, Version 2.1 of the
national dataset aggregated VEHYEAR for all vehicles built between 1924 t01984 by
simply displaying the year 1974 for all such vehicles. This change largely stemmed
from a lack of dependable fuel economy data provided for vehicles built prior to 1985.

An additional reason for this vehicle year aggregation stemmed from a desire to protect
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against the potential for confidential responses and information being linked to a specific
household in cases where very few households share a given household or vehicle
characteristic. Vehicles with years ranging from 1924-1984 compose only a small
percentage of the total vehicles included within the 2009 NHTS, and an even smaller
percentage of total ANNMILES (see Table 2). Therefore, aggregation of vehicle years

prior to 1985 for the purposes of fuel economy reporting had little effect on the analysis.

Table 2. Comparison of Un-weighted Number of Vehicles and their Associated VMT by
Vehicle Year after Initial Filtering
Percentage of

Vehicles Number of A Percentage of
Included Vehicles Total V_ehlc_les vMT Total VMT
After Filtering
Vehicle Years 838 2.87 2,468,701 0.80

from 1924-1984:
Vehicle Years

from 1985-2009: 28,324 97.13 305,996,862 99.20

All Vehicle Years

from 1924-2009:

29,162 100.00 308,465,563 100.00

These 29,162 vehicles remaining after filtering were used in the analysis. The
filtering process is explained in the next section. All information related specifically to
the NHTS vehicles was taken from Version 2.1 of the publically available NHTS data.
Thus, although a relatively small percentage of vehicles displayed discrepancies in
vehicle type (824 vehicles, 2.8 percent of vehicles) and vehicle model code (1,198
vehicles, 4.1 percent of vehicles), this was a non-issue that stemmed from slight coding

differences between data sources. In other words, based on these checks it was assumed
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that all of the vehicle variable matches made between the two NHTS sources

corresponded to information on the same vehicle.

FILTERING THE DATA

After merging relevant variables from both the 2009 Texas Add-on deliverables

and the vehicle file of Version 2.1 of the 2009 publically available NHTS data, the next

step was to filter the original data. Filtering was done to ensure that the households

being considered in the analysis were complete enough to allow for the analysis of the

four scenarios to be implemented and analyzed. The initial filtering that was

implemented is shown in Table 3.

Table 3. Initial Filtering Specifications

Variable Filter Specification Further Filter Explanation
Ensuring household 100%
CMPLTCT Equal to 1 complete (i.e., all adults in
household interviewed)
HHFAMINC Greater than or equal to 1 Ensuring I—IlliifeﬁMINC was
Ensuring HYBRID response
was not “Refused”, “Don’t
HYBRID Not equal to -7,-8,-9 Know”, or “Not Ascertained”
respectively
VEHYEAR Greater than 0 Ensuring vehicle year was
listed
HHSTATE Equal to TX Ensuring HHTATE was
marked as Texas
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Table 3. cont.
Variable Filter Specification Further Filter Explanation
Ensuring FUELTYPE was
FUELTYPE Equal to 4 listed as Motor Gasoline
ANNMILES Not equal to 1,-7,8,-9 | Fnsuring ANNMILES was
listed
URBRUR Not equal to -9 Ensuring URBRUR was listed
Ensuring HH _RACE response
was not “Refused”, “Don’t
HH_RACE Not equal to 78,9 Know”, or “Not Ascertained”
respectively
HH_HISP Not equal to -7, -8 Ensuring HH_HISP was listed
Ensuring VEHTYPE values
VEHTYPE Not equal to -8, -9, 8,97 remaining were listed as
1,2,3,4,6 or 7

This filtering process left 32,113 vehicles and 16,315 households. With this
initial filtering done, it left some households with fewer vehicles remaining than the
number of vehicles listed under the variable HHVEHCNT. These 1,720 households
were eliminated. Thus, no vehicles associated with households containing vehicles with
incomplete information or irrelevant vehicle types were included in the analysis. This
filtering requirement ensured that the average transportation fee calculated for a given
household classification (i.e., 0 Employees, Household Size 2, Income Level 3) was not
biased downward by only including some of the gasoline-run, pertinent vehicles

belonging to a household. For example, consider a household owning two gasoline-run
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vehicles but only having one vehicle available for analysis after initial filtering. If their
one remaining household vehicle were included in the analysis, the average annual
transportation fee calculated for this household would be lower than reality because the
vehicles miles driven in their second vehicle would not be included in the calculations.
On the other hand, it may be argued that by eliminating vehicles corresponding
to households with at least one of their vehicles filtered out, the results were biased
downward because the more vehicles a household owned, the more likely it was that at
least one of their vehicles was eliminated through filtering. However, households with a
large number of vehicles were not common (see Table 4). Therefore, it was assumed
that this latter concern was minimal compared to the alternative of including vehicles

from households no longer having all of their vehicles after filtering.

Table 4. Number of 2008 Texas Households by HHVEHCNT

Number of
Households After
Number of Number of HouEs:alrr:]ollr(;it\I/r\]/%ere
HHVEHCNT Households Prior to Households After .
Any Filtering Initial Filtering HHVEHCNT Did Not
Match The Number
of Vehicle Records
Remaining
0 17 0 0
1 5,838 4,465 4,465
2 10,052 7,721 6,919
3 3,776 2,866 2,330
4 1,188 872 626
5 375 267 184
6 117 88 59
7 29 22 7
8 10 8 4
9 3 0
10 2 1




Table 4. cont.
Number of
Households After
Number of Number of HouEIeIrToI Ircljzt\llr:/%lere
HHVEHCNT Households Prior to Households After .
Any Filtering Initial Filtering HHVEHCNT Did
Not Match The
Number of Vehicle
Records Remaining
11 2 2 0
12 0 0 0
13 1 1 0
Total 21,410 16,315 14,595

As can be seen in Table 4, 17 households had vehicle information provided, even
though their HHVEHCNT value corresponded to 0. Initially, this finding seemed
counter-intuitive. However, as clarified by Federal Highway Administration (FHWA)
NHTS statisticians, this result was caused by differences in definition of what defines a
household vehicle. “Vehicles” such as jet skis and snowmobiles were considered
household vehicles and thus information on them was included in the vehicle file.
However, when defining HHVEHCNT, a listed vehicle was only included in the count if
it was a motorized vehicle that could be driven on streets and highways. Therefore, golf
carts and vehicles with vehicle types described as “Other” were not included within the
HHVEHCNT summation. As can be seen from Table 4, those households with a
HHVEHCNT value of 0 were automatically eliminated during the initial filtering
process. Households in a similar situation, where more vehicle records were initially
provided than the HHVEHCNT value reflected (i.e. three vehicle records were provided

for the households but the HHVEHCNT had a value of 2) would have been eliminated
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by the final filtering step if all vehicles remained after initial filtering. However, as in
the example provided, if one of the three vehicles was eliminated during the initial
filtering process, that household and its remaining vehicles would remain in the analysis
(since HHVEHCNT would now match the number of vehicle records). It was assumed
that this situation was rare, and that in many such cases the vehicle record removed
during the initial filtering process was in fact the vehicle record not initially counted in
the HHVEHCNT. A summary of the number of households and the number of vehicles

remaining after each filtering step is provided in Table 5.

Table 5. Filtering Process and Associated Number of Households and Number of

Vehicles
Filtering Step Number of Households Number of Vehicles
Prior to Any Filtering 21,410 45,122

After Initial Filtering to Only
Include Vehicles with All 16,315 32,113
Information Deemed Necessary

After Removal of Vehicles
Belonging to Households No
Longer Listing All Vehicles After
Prior Filtering

14,595 29,162

After the filtering process there were 779 hybrid vehicles left in the dataset (see
Table 6). Hybrid vehicles equate to 2.7 percent of the vehicles included in the analysis.

Although this is a relatively small percentage, it is anticipated that advances in hybrid
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technology will cause hybrids to become more widespread in the future. Thus, their

inclusion in this analysis was important.

Table 6. Number of Hybrid Vehicles and Non-Hybrid Vehicles after Proper Filtering

Hybrid Vehicles 779
Non-Hybrid Vehicles 28,383
Total 29,162

One-hundred and thirty-seven of the 29,162 vehicles included in the analysis did
not include an EIADMPG fuel economy. To remedy this fact, the average un-weighted
fuel economy of each vehicle type was calculated based on those vehicles with a
provided EIADMPG fuel economy (see Table 7). The VEHTYPE variable was supplied
within the NHTS data—making this process relatively simple. Hybrid vehicles were
considered to be their own vehicle type. Two logical methods of calculating the average
fuel economy by vehicle type were possible; either the weighted or the un-weighted
sample average fuel economy of matched vehicles could be used. An explanation of
how the un-weighted and weighted fuel economy of each vehicle type was calculated is

shown in Equation (2) and Equation (3) respectively.

D v EIADMPG
ehType

Un — weighted Avg. Fuel Economy =
N U M VEHVehType

2
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where
EIADMPG#-9
NUMVEH=Number of vehicles included in the survey
VehType=Type of vehicle
Wegihted Avg. Fuel Economy 3)

D oo EIADMPG- WEIGHT)
_ enlype
> WEIGHT
VehType

where
WEIGHT=Weight calculated for each vehicle so that the sum of the

weighted households adds-up up to desired control totals for all vehicle-
owning household in Texas in the year 2008

Both methods of calculating the average fuel economy of each vehicle type were
compared. From Table 7 it is apparent that the difference between the un-weighted and
the weighted results is minimal. Thus, the un-weighted average was used to fill-in the
corresponding originally blank ETADMPG fuel economies. Therefore, the dataset
consisted of 14,595 Texas households with 29,162 vehicles. As previously mentioned,
almost all vehicles records (29,025) included the vehicle fuel economy in the 2009
NHTS; with 137 vehicle fuel economies calculated based on the average fuel economy
for that vehicle type. Recall that only gasoline-run (or at least partially gasoline-run)

vehicles were included in this analysis.
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Table 7. Comparison of Un-weighted Average Fuel Economy and Weighted Average
Fuel Economy

Un-weighted Weighted
Average Fuel | Average Fuel | Differences
Number of Economy Economy Betvv_een un-
X Based on Based on weighted
Vehicles
Included Those Those Average Fuel
NHTS VEHTYPE After Sample Sample Economy
VEHTYPE Code Filtering Vehiclgs with Vehicle_s with a_md
with Listed a Paired a Paired Weighted
EIADMPG EIADMPG | Average Fuel
EIADMPG
Fuel Fuel Economy
Economy Economy (MPG)
(MPG) (MPG)
Automobile/
Car/Station 01 12,637 22.56 23.05 -0.49
Wagon
Van (Mini,
Cargo, 02 2,048 19.08 19.03 0.05
Passenger)
Sports Utility 03 6,052 17.68 17.72 L0.04
Vehicle
Pickup Truck 04 6,657 16.24 16.45 -0.21
RV
(Recreational 06 138 6.4 6.4 0
Vehicle)
Motorcycle 07 714 56.5 56.5 0
Hybrid HYBRID=1 779 26.44 26.12 0.32
All Vehicles NA 29,025 20.71 20.96 -0.25

WEIGHTING THE DATA

The next step in preparing the data for analysis was weighing the data. The goal
was to develop weights such that the data reflected vehicle-owning Texas households in
the year 2008 disaggregated by

e a) Household Income Level (5 classes)
e b) Household Size (1 to 4+)

e ¢) Number of Household Employees (0,1,2+)
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e d) Household Geographic Location (Urban, Rural)

The criterion of household income level, household size, and number of
household employees is a fairly standard weighting approach used in Texas survey data
analysis. Further disaggregation by household geographic location was necessary in
order to effectively use elasticities needed for the dynamic models, which were
disaggregated not only by household income level, but also by the household’s
geographic location classification.

A small percentage of Texas vehicle-owning households may only own vehicles
that are powered by a source of energy other than gasoline. While it is difficult to
accurately estimate the exact percentage of households that fit into this category, the fact
that only 739 household vehicles of the 45,122 household vehicles included in the 2008
Texas survey (1.6 percent) have a fuel type other than gasoline (which contribute less
than 2.0 percent of the reported ANNMILES for Texas vehicles included in the 2009
NHTYS) indicates that fuel type of household vehicles is predominantly gasoline. It was
assumed that the percentage of households only owning vehicles that run on a source of
energy other than gasoline would be even smaller because households that own multiple
vehicles become increasingly more likely to own at least one gasoline-powered vehicle.
Therefore, it was assumed that the percentage of Texas households only owning vehicles
powered by a source of energy other than gasoline was minimal. Thus, the 2008 Texas
vehicle-owning household control totals could be used to weight results with little

negative effect.
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In order to create weights that could be applied to each sub-cell within both the
urban household and rural household 3-way cross-classification tables, it was necessary
to determine the total number of 2008 Texas households with these characteristics.
Given the multiple disaggregated classifications that were desired, it was not possible to
obtain a pre-made table meeting every household characteristic disaggregation
requirement. However, some useful control totals were obtained using the American
Fact Finder website (http://factfinder.census.gov/home/saff/main.html? lang=en), which
supplies information from a number of surveys—including the American Community
Survey (ACS). The control totals that were obtained from 2008 ACS 1-Year Estimates
are shown in Table 8. The ACS table numbers from which the control totals were

obtained are also provided.

Table 8. List and Description of ACS Tables Used to Get Control Values Used in
Weighting
Table Name Description of Control Total

Total number of 2008 Texas vehicle-owning
households by household size and household
urban/rural classification.

B08201. HOUSEHOLD SIZE BY VEHICLES
AVAILABLE-Universe: HOUSEHOLDS

B08203. NUMBER OF WORKERS IN Total number of 2008 Texas vehicle-owning
HOUSEHOLD BY VEHICLES AVAILABLE- households by number of household workers
Universe: HOUSEHOLDS and household urban/rural classification.

A summary of the two types of control totals used for both urban vehicle-owning
households (see Table 9 and Table 10) and rural vehicle-owning households (see Table

11 and Table 12) is provided below.
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Table 9. Urban Vehicle-Owning Household Number of Employed Household Members

Control Total Values

Control Total Type

Control Total Value

0 Employed Household

1,065,731 Households

1 Employed Household

2,763,161 Households

2+ Employed Household

2,370,977 Households

All Urban Vehicle-Owning Households

6,199,869 Households

Table 10. Urban Vehicle-Owning Households by Household Size Control Total Values

Control Total Type

Control Total Value

Household Size 1

1,544,414 Households

Household Size 2

1,877,375 Households

Household Size 3

1,048,873 Households

Household Size 4+

1,729,207 Households

All Urban Vehicle-Owning Households

6,199,869 Households

Table 11. Rural Vehicle-Owning Household Number of Employed Household Members
Control Total Values

Control Total Type

Control Total Value

0 Employed Household

359,356 Households

1 Employed Household

643,533 Households

2+ Employed Household

711,565 Households

All Rural Vehicle-Owning Households

1,714,454 Households
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Table 12. Rural Vehicle-Owning Households by Household Size Control Total Values

Control Total Type Control Total Value
Household Size 1 317,451 Households
Household Size 2 613,235 Households
Household Size 3 288,366 Households

Household Size 4+ 495,402 Households

All Rural Vehicle-Owning Households 1,714,454 Households

Tables indicating the number of urban and rural vehicle-owning households by
size and employed household members were available. Unfortunately, the desired
control totals showing the number of urban and rural vehicle-owning households in
terms of household income level were not available. Therefore, it was necessary to
make an initial assumption regarding the household income distribution for both urban
households and rural households.

One option was to assume that the ratio of urban households to rural households
was the same for all sub-cells within the 3-way classification. However, this goes
against logic because household income level likely varies with household size, the
number of household employees, and whether the household is urban or rural. Another
option was to assume that the same household income ratio for urban households and
rural households that existed in the surveyed households after filtering was applied was
identical to the household income distribution of the population. However, this
approach was not chosen because inherently, surveys cannot ensure that every possible

demographic or household characteristic of interest is captured in exact proportion to the
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population as a whole. Even if the true disaggregation could be captured within the
survey, the fact that households and vehicles originally included in the 2009 NHTS
dataset were filtered to ensure that all of the desired variables were available prior to
analysis would distort the original ratio of households in each sub-cell.

Preliminary results using the two weighting methods described thus far were
calculated for comparison purposes. Not surprisingly, the results within each sub-cell of
the two 3-way tables varied noticeably between the two methods—demonstrating the
importance of the selected weighting methodology. Thus, a third method, thought to be
a better basis for estimating the household income distribution of 2008 Texas vehicle-
owning households, was employed. This method involved using the household weights
provided as a variable within Version 2.1 of the NHTS data. The household weights
associated with all households that did not have a HHVEHCNT value of 0 were summed
for each category within the 3-way cross-classification table. This became the starting
point for the raking process (an iterative process of smoothing data to simultaneously fit
multiple control total criteria); which involved iteratively making the ACS control totals
for household size and number of household employees match. See Table 13 and Table
14 for the summed household weights used as a starting point for urban vehicle-owning

households and rural vehicle-owning households respectively.
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Table 13. Starting Point for Urban Vehicle-Owning Households (Based on Sum of

Household Weights for Non 0 HHVEHCNT Households)

0 Emp Household Size
Household
"I‘_Ce‘\’/'g‘le 1 2 3 4+ Total
($1,0009)
<20 240,416.73 150,856.66 44.891.64 89,018.47 525,183.50
20-40 139,475.10 123,858.01 23,752.15 40,555.05 327,640.32
40-60 50,819.29 72,688.70 10,236.50 14,887.46 148,631.94
60-100 23,723.47 59,838.50 7,022.13 10,685.73 101,269.84
100+ 11,486.78 40,122.11 8,456.51 13,943.71 74,009.10
Total 465,921.36 447,363.97 94,358.94 169,090.43 1,176,734.71
1Emp Household Size
Household
neome 1 2 3 4+ Total
($1,0009)
<20 155,581.25 119,262.09 90,345.85 196,571.79 561,760.97
20-40 311,905.79 168,439.93 117,789.87 197,996.24 796,131.83
40-60 223,881.16 163,140.93 76,471.66 89,598.96 553,092.71
60-100 204,484.32 153,887.90 102,232.55 115,580.04 576,184.82
100+ 880,28.94 143,682.18 71,395.58 115,731.06 418,837.76
Total 983,881.46 748,413.02 458,235.52 715,478.09 2,906,008.09
2+ Emp Household Size
Household
':‘:\’/’;e 1 2 3 4+ Total
($1,000s)
<20 NA 28,535.00 42,508.52 110,987.24 182,030.75
20-40 NA 69,461.09 66,271.16 148,607.70 284,339.95
40-60 NA 117,722.95 81,071.00 127,076.43 325,870.37
60-100 NA 175,059.24 161,880.16 192,795.88 529,735.28
100+ NA 213,348.64 157,253.18 207,897.96 578,499.78
Total NA 604,126.91 508,984.01 787,365.21 1,900,476.13
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Total Household Size
Household
'[Z‘\’/’;‘Ie 1 2 3 4+ Total
($1,0009)
<20 395,997.97 298,653.74 177,746.01 396,577.50 1,268,975.23
20-40 451,380.90 361,759.02 207,813.18 387,158.99 1,408,112.09
40-60 274,700.45 353,552.57 167,779.16 231,562.85 1,027,595.03
60-100 228,207.79 388,785.64 271,134.85 319,061.66 1,207,189.94
100+ 99,515.72 397,152.92 237,105.26 337,572.73 1,071,346.63
Total 1,449,802.82 1,799,903.90 1,061,578.46 1,671,933.74 5,983,218.92

Table 14. Starting Point for Rural Vehicle-Owning Households (Based on Sum of

Household Weights for Non 0 HHVEHCNT Households)

0 Emp Household Size
Household
'Ece‘\’/:‘le 1 2 3 4+ Total
($1,0005)
<20 57,351.40 38,236.35 7,647.84 9,550.06 112,785.64
20-40 28,973.55 43,592.13 3,749.70 7,214.37 83,529.75
40-60 10,163.77 24,890.83 1,693.05 4,297.14 41,044.80
60-100 6,375.91 20,404.10 3,600.27 6,014.87 36,395.15
100+ 2,827.83 10,986.78 1,593.93 3,432.33 18,840.86
Total 105,692.45 138,110.18 18,284.78 30,508.79 292,596.20
1Emp Household Size
Household
ncome 1 2 3 4+ Total
($1,0009)
<20 37,677.85 21,810.47 22,699.69 26,834.36 109,022.36
20-40 55,354.38 45,452.69 19,316.89 35,771.61 155,895.56
40-60 50,192.39 46,153.14 14,869.05 19,668.24 130,882.82
60-100 29,783.41 46,540.87 23,750.01 43,541.67 143,615.96
100+ 13,586.30 42,271.79 22,137.48 37,247.66 115,243.24
Total 186,594.34 202,228.95 102,773.11 163,063.53 654,659.94
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2+ Emp Household Size
Household
"Ii‘;‘\’/renle 1 2 3 4+ Total
($1,000s)
<20 NA 4,385.44 5,909.24 21,133.51 31,428.18
20-40 NA 20,461.10 16,082.97 60,003.60 96,547.67
40-60 NA 30,077.20 15,839.70 40,902.15 86,819.04
60-100 NA 67,984.33 32,776.24 72,495.87 173,256.44
100+ NA 62,918.39 42,965.28 78,476.36 184,360.02
Total NA 185,826.45 113,573.43 273,011.48 572,411.36
Total Household Size
Household
”I‘_Z‘\’/'ge 1 2 3 4+ Total
($1,0009)
<20 95,029.25 64,432.25 36,256.76 57,517.93 253,236.19
20-40 84,327.93 109,505.91 39,149.56 102,989.58 335,972.98
40-60 60,356.17 101,121.17 32,401.79 64,867.53 258,746.66
60-100 36,159.31 134,929.29 60,126.53 122,052.41 353,267.54
100+ 16,414.13 116,176.95 66,696.68 119,156.36 318,444.12
Total 292,286.79 526,165.59 234,631.33 466,583.80 1,519,667.50

Each cell within Table 13 and Table14 was then scaled so that overall total

number of households within the respective matrix summed to the known total urban

vehicle-owning households and rural vehicle-owning households of 6,199,869

households and 1,714,454 households respectively. These scaled values were then used

as the original vehicle-owning household distributions for the raking process. The urban

vehicle-owning household results and rural vehicle-owning household results are shown

in Table 15 and Table 16 respectively. An example calculation of how the cell in Table
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15 corresponding to urban households with Household Income Level <$20,000,

Household Size 1, and Number of Employees 0 is provided in Example 1.

Example 1

Nwﬁmmw:omwmmm(ﬂﬁﬂﬂﬂj

Old Total

249,122=240,416.73 (MJ
5,983,218.92

where

New Subtotal=Cell in Table 15 which is the number of vehicle-owning
urban households with Household Income Level <$20,000, Household
Size 1, and Number of Employees 0

=249,122 Households

Old Subtotal= Cell in Table 13 which is the number of vehicle-owning
urban households with Household Income Level <$20,000, Household
Size 1, and Number of Employees 0

=240,416.73 Households

New Total=All vehicle-owning urban households, as shown in Table 15
(Total of Total)

=6,194,869 Households

Old Total= All vehicle-owning urban households, as shown in Table 13
(Total of Total)

=5,983,218.92 Households
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Table 15. Weighted Number of 2008 Vehicle-Owning Urban Households in Texas in
2008 Prior to Iterating between Control Totals
0 Emp Household Size
Household
"I‘_‘;‘\)/g]e 1 2 3 4+ Total
($1,0005)
<20 249,122 156,319 46,517 92,242 544,200
20-40 144,525 128,343 24,612 42,024 339,504
40-60 52,659 75,321 10,607 15,427 154,014
60-100 24,582 62,005 7,276 11,073 104,937
100+ 11,903 41,575 8,763 14,449 76,689
Total 482,792 463,563 97,776 175,213 1,219,344
1Emp Household Size
Household
neome 1 2 3 4+ Total
($1,0005)
<20 161,215 123,581 93,617 203,690 582,102
20-40 323,200 174,539 122,055 205,166 824,959
40-60 231,988 169,048 79,241 92,843 573,120
60-100 211,889 159,460 105,934 119,765 597,048
100+ 91,216 148,885 73,981 119,922 434,004
Total 1,019,507 775,513 474,828 741,385 3,011,234
2+ Emp Household Size
Household
'E‘;‘\’g‘le 1 2 3 4+ Total
($1,000s)
<20 NA 29,568 44,048 115,006 188,622
20-40 NA 71,976 68,671 153,989 294,636
40-60 NA 121,986 84,007 131,678 337,670
60-100 NA 181,398 167,742 199,777 548,917
100+ NA 221,074 162,947 215,426 599,447
Total NA 626,002 527,414 815,875 1,969,292
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Total Household Size
Household
'EZ‘\’/’;}G 1 2 3 4+ Total
($1,0009)
<20 410,337 309,468 184,182 410,937 1,314,924
20-40 467,725 374,858 215,338 401,178 1,459,099
40-60 284,647 366,355 173,854 239,948 1,064,804
60-100 236,471 402,863 280,953 330,615 1,250,902
100+ 103,119 411,534 245,691 349,796 1,110,140
Total 1,502,300 1,865,078 1,100,018 1,732,474 6,199,869

Table 16. Weighted Number of 2008 Vehicle-Owning Rural Households in Texas in
2008 Prior to Iterating between Control Totals

0 Emp Household Size
Household
”I‘_‘:\’,?Ie 1 2 3 4+ Total
($1,000s)
<20 64,703 43,137 8,628 10,774 127,242
20-40 32,687 49,180 4,230 8,139 94,236
40-60 11,467 28,081 1,910 4,848 46,306
60-100 7,193 23,019 4,062 6,786 41,060
100+ 3,190 12,395 1,798 3,872 21,256
Total 119,240 155,813 20,628 34,419 330,100
1Emp Household Size
Household
"Ii‘;‘\’/r;e 1 2 3 4+ Total
($1,000s)
<20 42,507 24,606 25,609 30,274 122,997
20-40 62,450 51,279 21,793 40,357 175,878
40-60 56,626 52,069 16,775 22,189 147,659
60-100 33,601 52,506 26,794 49,123 162,024
100+ 15,328 47,690 24,975 42,022 130,015
Total 210,511 228,150 115,946 183,965 738,572
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2+ Emp Household Size
Household
income 1 2 3 4+ Total
($1,000s)
<20 NA 4,948 6,667 23,842 35,457
20-40 NA 23,084 18,144 67,695 108,923
40-60 NA 33,932 17,870 46,145 97,947
60-100 NA 76,698 36,977 81,788 195,464
100+ NA 70,983 48,472 88,535 207,991
Total NA 209,645 128,131 308,005 645,781
Total Household Size
Household
'[Z‘\)/?Ie 1 2 3 4+ Total
($1,000s)
<20 107,210 72,691 40,904 64,890 285,695
20-40 95,137 123,542 44,168 116,190 379,037
40-60 68,092 114,083 36,555 73,182 291,912
60-100 40,794 152,224 67,833 137,697 398,548
100+ 18,518 131,068 75,246 134,429 359,261
Total 329,751 593,608 264,706 526,389 1,714,454

Each subsequent raking iteration that was performed resulted in values that were

increasingly closer to satisfying both the household size and number of household

employee control totals. A total of 16 additional raking iterations (eight satisfying each

control total specification type) were performed (similar to the process shown in

Example 1); at which point the resulting matrix values were deemed to fit the control

totals reasonably close. The control totals for number of household employees were

achieved exactly and the control totals for household size differed with a magnitude of

no greater than 0.001 percent. The resulting estimated weighted number of 2008 Texas
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vehicle-owning households disaggregated by geographic location, household income
level, household size, and number of household employees are shown in Table 17 and
Table 18 for urban vehicle-owning households and rural vehicle-owning households
respectively. The number of households remaining in each sub-cell after filtering was
performed was then divided into these weighted totals to obtain the desired weights (see
Table 19 for urban vehicle-owning household weights and Table 20 for rural vehicle-
owning household weights). The weights were then applied to relevant NHTS variables,
such as ANNMILES, to make the results more reflective of all gasoline-run vehicles

owned by Texas in 2008.

Table 17. Number of Vehicle-Owning Urban Households in Texas in 2008

0 Emp Household Size
Household
Income 1 2 3 4+ Total
Level
($1,000s)
<20 243,698 129,446 34,222 71,347 478,713
20-40 141,379 106,850 18,243 32,745 299,217
40-60 51,513 62,707 7,862 12,020 134,102
60-100 24,047 51,621 5,393 8,628 89,689
100+ 11,644 34,613 6,495 11,258 64,010
Total 472,281 385,237 72,215 135,998 1,065,731
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1Emp Household Size
Household
'EZ‘\’/’;:G 1 2 3 4+ Total
($1,0009)
<20 169,534 110,012 74,039 169,367 522,952
20-40 339,878 156,209 97,257 171,856 765,200
40-60 243,959 151,295 63,141 77,770 536,165
60-100 222,823 142,714 84,411 100,321 550,269
100+ 95,924 133,249 58,950 100,452 388,575
Total 1,072,118 693,479 377,798 619,766 2,763,161
2+ Emp Household Size
Household
”I‘_‘;‘\’/r;e 1 2 3 4+ Total
($1,0009)
<20 NA 37,532 49,672 136,352 223,556
20-40 NA 91,851 78,022 183,921 353,794
40-60 NA 155,670 95,446 157,273 408,389
60-100 NA 231,488 190,584 238,609 660,681
100+ NA 282,120 185,137 257,300 724,557
Total NA 798,661 598,861 973,455 2,370,977
Total Household Size
Household
neome I 2 3 4+ Total
($1,000s)
<20 413,232 276,990 157,933 377,066 1,225,221
20-40 481,257 354,910 193,522 388,522 1,418,211
40-60 295,472 369,672 166,449 247,063 1,078,656
60-100 246,870 425,823 280,388 347,558 1,300,639
100+ 107,568 449,982 250,582 369,010 1,177,142
Total 1,544,399 1,877,377 1,048,874 1,729,219 6,199,869




Table 18. Number of Vehicle-Owning Rural Households in Texas in 2008

0 Emp Household Size
Household
income 1 2 3 4+ Total
($1,000s)
<20 70,872 47,138 9,985 10,525 138,520
20-40 35,913 53,997 4,923 7,999 102,832
40-60 12,598 30,832 2,223 4,765 50,418
60-100 7,903 25,274 4,727 6,669 44,573
100+ 3,505 13,609 2,093 3,806 23,013
Total 130,791 170,850 23,951 33,764 359,356
1Emp Household Size
Household
'[Ce‘\)/r:le 1 2 3 4+ Total
($1,0009)
<20 37,599 21,713 23,933 23,883 107,128
20-40 55,407 45,465 20,481 32,030 153,383
40-60 50,241 46,166 15,765 17,611 129,783
60-100 29,812 46,554 25,181 38,986 140,533
100+ 13,599 42,284 23,472 33,351 112,706
Total 186,658 202,182 108,832 145,861 643,533
2+ Emp Household Size
Household
"Ilce‘\)/r;e 1 2 3 4+ Total
($1,000s)
<20 NA 5,642 8,052 24,309 38,003
20-40 NA 26,451 22,038 69,436 117,925
40-60 NA 38,883 21,705 47,332 107,920
60-100 NA 87,887 44913 83,892 216,692
100+ NA 81,338 58,875 90,812 231,025
Total NA 240,201 155,583 315,781 711,565
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Total Household Size
Household
'EZ‘\’/’:IE 1 2 3 4+ Total
($1,0009)
<20 108,471 74,493 41,970 58,717 283,651
20-40 91,320 125,913 47,442 109,465 374,140
40-60 62,839 115,881 39,693 69,708 288,121
60-100 37,715 159,715 74,821 129,547 401,798
100+ 17,104 137,231 84,440 127,969 366,744
Total 317,449 613,233 288,366 495,406 1,714,454

Table 19. Weights for Vehicle-Owning Urban Households in Texas in 2008

0 Emp Household Size
Household
IEZ(\)/Ee 1 2 3 4+ Total
($1,000s)
<20 370.93 441.8 1,368.88 3,243.05 480.15
20-40 238.01 205.09 380.06 1,423.70 252.29
40-60 237.39 156.38 357.36 1,202.00 206.31
60-100 178.13 147.07 299.61 1,078.50 175.17
100+ 207.93 177.50 499.62 938.17 231.92
Total 284.68 218.76 573.13 1,813.31 294.32
1Emp Household Size
Household
'[‘:\’/’;}e 1 2 3 4+ Total
($1,0009)
<20 1,130.23 846.25 1,322.13 2,731.73 1,313.95
20-40 1,075.56 503.9 917.52 1,481.52 902.36
40-60 906.91 457.08 650.94 733.68 667.70
60-100 831.43 376.55 594.44 583.26 572.60
100+ 841.44 326.59 398.31 446.45 434.16
Total 959.82 445.11 688.16 910.08 707.60
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2+ Emp Household Size
Household
income 1 2 3 4+ Total
($1,000s)
<20 NA 1,103.88 1,910.46 2,901.11 2,089.31
20-40 NA 874.77 1,200.34 1,768.47 1,291.22
40-60 NA 786.21 926.66 1,219.17 949.74
60-100 NA 570.17 762.34 745.65 676.93
100+ NA 483.91 557.64 620.00 544.78
Total NA 602.31 771.73 959.07 760.66
Total Household Size
Household
'[Z‘\)/?Ie 1 2 3 4+ Total
($1,0009)
<20 512.06 606.11 1,476.01 2,878.37 815.73
20-40 528.85 379.18 883.66 1,598.86 614.48
40-60 607.97 397.50 749.77 1,008.42 572.84
60-100 612.58 374.84 683.87 695.12 531.09
100+ 632.75 379.41 508.28 565.97 470.67
Total 556.34 404.17 722.86 976.41 582.53

Table 20. Weights for Vehicle-Owning Rural Households in Texas in 2008

0 Emp Household Size
Household
”I‘_‘;‘\’/r;"le 1 2 3 4+ Total
($1,000s)
<20 281.24 359.83 624.06 2,105.00 342.87
20-40 221.69 204.53 378.69 1,599.80 231.60
40-60 203.19 176.18 741.00 1,191.25 206.63
60-100 164.65 179.25 472.70 1,111.50 217.43
100+ 219.06 189.01 348.83 1,903.00 239.72
Total 242.21 218.20 498.98 1,534.73 257.97
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1Emp Household Size
Household
'[‘;‘\’g}e 1 2 3 4+ Total
($1,0009)
<20 783.31 417.56 1,087.86 995.13 733.75
20-40 644.27 341.84 640.03 781.22 525.28
40-60 717.73 311.93 630.60 503.17 466.85
60-100 608.41 290.96 503.62 448.11 406.16
100+ 523.04 302.03 558.86 456.86 401.09
Total 669.03 319.40 636.44 561.00 479.18
2+ Emp Household Size
Household
'Ef\’/r;e 1 2 3 4+ Total
($1,000s)
<20 NA 434.00 1,610.40 2,430.90 1,357.25
20-40 NA 480.93 881.52 2,239.87 1,062.39
40-60 NA 441.85 700.16 676.17 571.01
60-100 NA 441.64 615.25 603.54 527.23
100+ NA 398.72 588.75 524.92 484.33
Total NA 429.70 664.88 746.53 585.17
Total Household Size
Household
'[‘:\’/’;}e 1 2 3 4+ Total
($1,000s)
<20 361.57 380.07 976.05 1,505.56 490.75
20-40 368.23 278.57 677.74 1,421.62 441.72
40-60 476.05 281.95 672.76 639.52 405.23
60-100 388.81 319.43 562.56 558.39 417.67
100+ 407.24 329.88 570.54 516.00 429.44
Total 387.61 310.50 636.57 702.70 433.82
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SUMMARY

The results obtained in this filtering and weighting process were used in Chapter
IV to calculate the average household fee associated with either the current state gas tax
or the VMT fees associated with each scenario. By using the weights shown in Table 19
and Table 20, the results were weighted to reflect revenues of all gasoline-run household
vehicles in Texas. Chapter IV includes an examination of the results and the equity

impacts associated with each.
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CHAPTER IV

VMT FEE SCENARIO STRUCTURE, ANALYSIS, AND RESULTS

Having merged, filtered, and weighted the data as described in Chapter I11, the
next step was to analyze and compare the results obtained from the current gas tax
transportation funding system, as well as each of the four VMT fee scenarios. The
analysis of the four VMT fee scenarios took into consideration anticipated initial set-up
costs, revenue lost due to those cheating the system (leakage), and the cost of operating
the system. Each scenario was analyzed twice; once using a static model and once using
a dynamic model. For the dynamic model it was necessary to obtain elasticity estimates.
This chapter describes the process taken to obtain the revenue results for each scenario,
with these issues taken into consideration. The following section provides a discussion
of the anticipated costs associated with switching from the current gas tax transportation
funding system to a VMT fee system and how these anticipated costs were considered in

the analysis.

COSTS FOR AVMT FEE SYSTEM

Transitioning from the current gas tax transportation funding system to a VMT
fee system would have some initial set-up costs. These costs would vary greatly
depending on the depth, breadth, and speed of the new technology implementation. As
technology improves, set-up costs are likely to decrease. As mentioned in the literature

review, it has been suggested that a VMT fee system could be implemented gradually;
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with those vehicles that were not equipped with the VMT fee technology continuing to
be charged under the current state gas tax system. However, for the purposes of this
research, it was assumed that all gasoline-run vehicles being included in this analysis (a
weighted total of 15,913,212 vehicles in Texas) would be provided a thin OBU
immediately, at the assumed cost of $195 per unit (Wells, 2010). Likewise, it was
assumed that 16,000 service stations in Texas would be equipped with the equipment
needed to process VMT fees. This service station estimate was based on an estimate that
there were16,500 service stations in Texas as of 2006 (Answers.com) and the fact that
16,000 service stations belong to the Texas Petroleum Marketers and Convenience Store
Association that “own, operate, or supply approximately 16,000 convenience stores,
service stations, and other retail motor fuel outlets in Texas and the southwest United
States (Texas Petroleum Marketers and Convenience Store Association, 2011).” The
estimated cost was $15,000 per station (Peters and Gordon, 2009).

Given that the timeframe of this analysis was from 2009 to 2030, in an attempt to
meet the needs described by the 2030 Texas Transportation Needs Commission by 2030,
the implementation costs were spread-out over the 22 year time period under
consideration (2009-2030). Even after the initial implementation costs, there would be
yearly operating costs associated with a VMT fee system. The 2005 National Surface
Transportation Infrastructure Financing Commission (NSTIFC) report states that, “The
aim should be for the total annual net cost of operation to be less than 10 percent of the
total revenue collected within a few years of implementation and less than 5 percent in

the longer term (National Surface Transportation Infrastructure Financing Commission,
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2009).” This analysis assumed an operating cost of 10 percent of the gross generated
revenue, rather than the 10 percent net operating cost suggested in the NSTIFC report,
which seems conservative.

In addition to implementation costs and operating costs, it is assumed that some
individuals will try to cheat the system by either tampering with their OBU,
misrepresenting their VMT, or altogether not reporting their VMT. A wide-scale VMT
fee system has not yet been implemented in the United States; therefore, it is difficult to
estimate what percentage of drivers would cheat the system (the amount of ‘leakage”).
Smaller scale pilot tests—such as those performed in Oregon—are not a good source for
estimating this leakage because individuals knowingly participating in such a closely
monitored testing situation likely behave differently than the general public. Given this
lack of a dependable estimate, it was assumed that the leakage under a VMT fee system
may be comparable to the percentage of HOV lane violators. Therefore, the leakage was
estimated to be 10 percent for this analysis—which is within the estimated range of
HOV violators nationwide (Jones, 2009). The cost estimates that were taken into
consideration are shown in Table 21. It was assumed that the life-span of the thin OBUs
and the service station equipment spanned the duration of the 22-years being considered

in the analysis (2009-2030).
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Table 21. Estimated Expenses Associated with Switching from the Current State Gas
Tax Transportation Funding System to a VMT Fee System

Itemized Expense Number Estimated Cost Estimated Total Cost
Thin OBU 15,913,212 OBUs $195 per OBU $3,103,076,340
Servw_e Station 16,000 Stations $15,000 per Fuel $240.000,000
Equipment Station
Operating Cost NA 10 Percent of Gross Varies with Scenario
Revenue
Leakage NA 10 Percent of Gross Varies with Scenario
Revenue

However, the installation costs of both the thin OBUs and the fuel station
equipment was assumed to be paid for up front through bond proceeds in the amount of
$3,343,076,340. A coupon rate of 4.5 percent was assumed based on the recent state of

Texas bond sales. Thus, the annual cost of the system was calculated using Equations

(4) and (5).

C C C Cost,
Install — + 2 +o.+ n + n (4)
1+y (1+y) (1+y)  (1+y)

Cost

where
Cost,, .,;=%$3,103,076,340+$240,000,000=$3,343,075,340
C=Coupon=(0.045- Cost ;) =$150,438,435.30
y=Yield=0.045
n=Life-span of investment (22 years in this analysis)

COStInstall "y (5)
1+y) -1

COSt Install-Annual —
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where
COSt, it annua =5242,525,632.92

The summation of all of the costs associated with installing a VMT fee create the
need to raise funds in addition to those already collected from the state gas tax in order
to achieve the same net revenue as the current state gas tax. Scenario 1, as discussed

later in this chapter, provides a summary of these additional revenue needs.

ELASTICITIES

Each scenario was examined assuming (a) no change in driver behavior due to
the VMT fee (static) and (b) a change in VMT due to the VMT fee (dynamic). In order
to estimate the change in driver behavior due to the new VMT fee for the dynamic
scenarios, it was necessary to determine reasonable elasticities. Elasticity is defined as,
“the percentage change in consumption of a good caused by a one-percent change in its
price or other characteristics (such as traffic speed or road capacity) (Litman, 2011).”
For example, in this analysis, an elasticity of -0.3 implies that a one percent increase in
the price of gas/VMT fees would lead to a 0.3 percent decrease in VMT. Elasticity in

terms of VMT and the associated price of gas/VMT fees is shown mathematically in

Equation (6).
VMT, -VMT,
Elasticity = % Change inVM T B VMT, ©)
% Change in Total Cost of Gas and/or VM T Fee P,-P

Pl
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where

VMT, =Original Vehicle Miles Traveled

VMT, =New Vehicle Miles Traveled

P, =Original Price of Gas

P, =New Price of Gas (No State Tax) Plus VMT Fee

In cases where VMT fee scenarios have actually been implemented, it would be
possible to directly calculate the elasticity associated with a given VMT fee scenario.
However, for VMT fee research still in the theoretical stage, researchers often rely on
the elasticities obtained from previous studies of a similar nature. Gasoline price
elasticities are assumed to be similar to VMT fee scenario elasticities. Although a
review of the literature on gasoline price elasticities yielded several elasticity results, it
was difficult to find elasticities that were disaggregated by household income level and
geographic location. However, Wadud et al. provide this type of elasticity
disaggregation (Wadud, Graham and Noland, 2009), as shown in Table 22 and Table 23.
Wadud et al. recommend that the Seemingly Unrelated Regression Feasible Generalized
Least Squares Autoregressive (SUR-FGLS with AR (1)) method results be used for the
income quintiles and the Log-linear SUR-FGLS with AR (1) values with dummies for
years 1985 and 1988 be used for the geographic location. Thus, these are the values that

were utilized in calculating the elasticities to be used in this analysis.

Table 22. Price Elasticities by Household Income Quintile

Income Quintile SUR-FGLS with AR (1) Elasticities
1 (lowest income) -0.351
2 -0.219
3 -0.203
4 -0.263
5 (highest income) -0.293
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Table 23. Price Elasticities by Geographic Location

SUR-FGLS with AR (1) Log-linear with
Dummies for 1985 and 1988 Elasticities
Urban -0.301

Rural -0.171

Geographic Location

Obtaining elasticities that were disaggregated in this manner was critical for this
research effort because, as explained by Lindsey, the response to a VMT fee should not
be assumed to be uniform. Thus, care should be taken in the analysis process to ensure
that averages do not mask the overall response (Lindsey, 2010). For Scenario 4, it was
necessary to obtain price elasticities disaggregated simultaneously by both household
income level and geographic location. Using the separate results of the price elasticities
obtained for household income level and geographic location (Table 22 and Table 23
respectively), estimated elasticities taking both subcategories into account were
calculated—resulting in ten unique elasticity groups. These elasticities were calculated
under two constraints. First of all, the average of the urban and rural price elasticities for
a given household income level needed to sum to the household income level aggregated
total. Additionally, the urban and rural price elasticity ratio had to be the same for each
household income level as it was for the aggregated data. The results are shown in Table

24.



74

Table 24. Price Elasticities by Household Income Level and Geographic Location

Househtz!$d1 'Ionoc(;)sr)ne Level Urban Rural
<20 -0.447 -0.254

20-40 -0.280 -0.159

40-60 -0.259 -0.147

60-100 -0.335 -0.191

100+ -0.373 -0.212

Total (Weighted Average) -0.339 -0.192

These elasticities were used in calculating the anticipated change in annual VMT
for households within each subcategory of the three-way cross-classification matrices.
The process was somewhat iterative because vehicles within each household were
anticipated to be driven less each year with an increase in the transportation fee
associated with their travel. This meant that the initial revenue estimate based on initial
VMT would decrease—making it necessary to increase the transportation fee needed to
secure the desired revenue total in spite of changes in travel patterns. Interestingly, for
each income level the elasticity magnitude is larger for urban households than for rural
households. This may be an indication of urban households having more travel options
other than driving. However, when considering either urban household elasticities or
rural household elasticities separately, it is interesting to note that the largest elasticity
magnitudes are seen in household income level quintiles 1 and 5—with household
income level quintile 3 having the smallest elasticity magnitude. This U-shaped patterns
in is an indication that the poorest household income level quintile and the wealthiest
household income level quintile will decrease their VMT more drastically as the price of

gas increases. For low income households, this may be because of switching to other
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modes, while for high income households this may be an indication that they had more

discretionary travel to begin with that could be eliminated as the price of gas increases

(Wadud, Graham and Noland, 2009).

Elasticities are based on the percent change in the total price of gas—not just the

change in the state gas tax portion of the price. As mentioned previously, it was

assumed that only the state gas tax portion would be replaced with a VMT fee for each

scenario. An example of how the elasticities were applied in determining the new VMT

anticipated after the first dynamic iteration of Scenario 1 is provided for a single urban

household in household income level quintile 2 in Example 2.

Example 2

Determining the anticipated VMT after the First Dynamic Iteration of
Scenario 1 for an Urban Household in Household Income Level Quintile 2:

Initial VMT (calculated under the static model): 10,000 miles
Household Weight: 1,076.56

Initial Weighted VMT (calculated under the static model):

= (Initial VMT (calculated under the static model)) - (Household Weight)
= (10,000 miles)- (1,075.56) =10,755,632.91 miles

EIADMPG : 22.8 MPG

Texas State Gas Tax: $0.20 per gallon

Price of Gas: $2.92 per gallon

Initial Revenue from State Gas Tax:
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_ (Texas State Gas Tax)
(EIADMPG)
- (Initial Weighted VMT (calculated under the static model))

($0.20)

=20 (10,755,632.91 miles) = $94,347.66
(22.8 MPG)

Initial Revenue from the Rest of the Price of Gas:

_ (Price of Gas — Texas State Gas Tax) -
(EIADMPG)
(Initial Weighted VM T (calculated under the static model))

_ (82.92-%020) ;755 632 91 miles) = $1,283,128.14
(228 MPG)

Initial Revenue from All of Gas:

= (Initial Revenue from State Gas Tax)+
(Initial Revenue from the Rest of the Price of Gas)

=$94,347.66+$1,283,128.14=$1,377,475.79

Flat VMT Fee:

_ (Collected Amount with Same Net Revenue as State Gas Tax)
(Total VM T under State Gas Tax)

_ $2,515,974,912
176,389,021,988 miles

=$0.014264 per mile

Scenario 1 VMT Fee Revenue:

= (Initial Weighted VMT (calculated under the static model)) -
(Flat VMT Fee)

=(10,755,632.91 miles)- ($014264 per mile) =$153,416.02
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Scenario 1 VMT Fee Revenue Plus the Cost of Gas:

= (Scenario 1 VMT Fee Revenue)+
(Initial Cost of the Rest of the Price of Gas)

=$153,416.02+$1,283,128.14=$1,436,544.16

Percent Change in Overall Price of Gas When Switching from State
Gas Tax System to Scenario 1:

(Scenario 1VMT Fee Revenue Plus
the Rest of the Cost of Gas) —
(Initial Cost of all of Gas)

(Initial Cost of all Gas)

=100-

_100. (($1,436,544.16 —$1,377,475.79)

=4.29%
($1,377,475.79) ]

Elasticity for Urban Households in Household Income Level Quintile
2: -0.280

Percent Change in VMT (%):

= (Percent Change in Overall Price of Gas When Switching from State
Gas Tax System to Scenario 1)-(Elasticity for Urban Households in
Household Income Level Quintile 2)

=(4.29--0.280) =-1.20

New VMT:

= (Initial Weighted VMT (calculated under the static model))-
(Percent Change in VMT)
(100)

=(10,755,632.91 miles)- (%} =10,626,491.66 miles
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This same procedure was performed for all weighted vehicles included in the
analysis after filtering; with pertinent, aggregated results used in obtaining desired
results. Note that the elasticities used are based on household income level quintiles,
which implies that the population is grouped to capture 20 percent of the population in
each household income level. The percentage of the 2008 Texas vehicle-owning
households disaggregated by household income level is shown in Table 25. Although
not exactly 20 percent of the vehicle-owning households fall into each household income
level, the actual household income level distribution was assumed to be close enough to
true quintile distributions for the purposes of this analysis. The following section

describes the structure of each VMT fee scenario.

Table 25. Percentage of 2008 Texas Vehicle-Owning Households Disaggregated by
Household Income Level

Household Income Level ($1,0005) Percentage of Vehicle-Owning Population of
Texas (%)
<20 19.1
20-40 22.7
40-60 17.3
60-100 21.5
100+ 19.5
Total 100.0

SCENARIO STRUCTURE
This section provides a detailed description of how each of the scenarios were
structured and highlights pivotal equations used to obtain the scenario results presented

later in the chapter. First, a description of the current Texas state gas tax is given;
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followed by an explanation of how each scenario was designed and implemented both
statically and dynamically.
Current Texas State Gas Tax Structure

As a reference point for each scenario, the weighted average annual household
revenue generated by the Texas state gas tax from vehicles included in this analysis was
estimated for each household income level and geographic location group, as shown in
Equation (7).

Avg. Annual Household Cost of State Gas Tax;,
(7

n ANNM”_ESIWj i
$ =*1.$0.20 |- Weight ,,,
%\ EIADMPG i

(ARYA

Zp:Weight L

k=1
where
i=Household Income Level Quintile; 1 through 5
I=Location; Urban or Rural
w=Number Employed in Household; 0, 1 or 2+
Jj=Number of Vehicles in Group i, I, w, j

k=Number of Households in Group i, 1, w

For the purposes of determining the percent change in price needed to implement
the dynamic model associated with the four VMT fees considered in this analysis, it was

also necessary to determine annual average total amount spent on gas excluding the state
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gas tax, as well as the annual average total amount spent on the price of gas including
the state gas tax. These two calculations are presented in Equation (8) and Equation (9)

respectively.

Annual Avg. Household Cost of Gas Excluding State Gas Tax;

n ( ANNMILES,,,
( i | $o.20)} -Weight , .,

=<\ EIADMPG,,,; (8)
p
D" Weight .,
k=1
where
X=Price of a Gallon of Gas ($) Including Taxes
Annual Avg. Household Total Cost of Gas 9)

. ANNMILES,,, o
EIADMPG

11w, j

J-Weight L

j=L

p
ZWeight w
k=1

The cost of gasoline can vary by region, time of year, and gasoline grade.
Wherever possible, the price of gas (X) was obtained for each vehicle from the NHTS
variable GCOST. For those vehicles that were originally without a GCOST listed, this
value was estimated by calculating the average weekly price of all grades of retail

gasoline for the state of Texas from March 26, 2007 to May 4, 2009—which
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encompassed the dates during which the 2009 NHTS was administered (Energy
Information Administration, 2010). The average weekly Texas price of all grades and
all formulations of retail gasoline during this time period was $2.84 per gallon.
Scenario 1 Structure

The goal of Scenario 1 was to replace the state gas tax calculated for all weighted
vehicles included in this analysis with a flat VMT fee that would generate roughly the
same net revenue as the current state gas tax from these vehicles. This amount was
calculated to be $1,770,254,297 using the data that was weighted to reflect vehicle-
owning Texas households in the year 2008. However, the total revenue that needed to
be generated after considering the costs associated with VMT fees discussed previously
in this chapter (i.e. installation costs, operating costs, leakage costs) was actually greater
than under the current gas tax system. The new target revenue from the flat VMT fee
designed to generate a similar amount of revenue to that currently collected under the

state gas tax was calculated using Equation (10).

New Target Revenueg, o1
(Current State Gas Tax Annual Revenue +

_ Annual Costsof Implementation of VMT Fees)
1-—Percent Increase in Operating Costs
with Switch to VM T Fee — Percent Leakage

(10)

where

New Target Revenue =$2,515,974,912.40

Scenariol
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Current State Gas Tax Annual Revenue=$1,770,254,297.00
Annual Costs of Implementation of VMT Fees=$242,525,632.92
Percent Increase in Operating Costs with Switch to VMT Fee=0.10

Percent Leakage=0.10

It follows that the flat VMT fee was calculated using Equation (11).

New Target Revenue
ZWeighted ANNMILES

Scenario 1 FlatVMT Fee vodertype =

(11)

where
Model Type=Static or Dynamic

Flat VMT Fee

Static Scenariol

_ NeW Tar%t Re\/(:"nueScenariol
Z WﬂghtEd AN N M I LE%taticScenariol

_ $2,515,974,912.40
~176,389,021,987.66 miles

=$0.01426 per mile

Flat VMT Fee

DynamicScenariol
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B New Target Revenueg, o1
Z Welghted ANNMI LE%ynamicScenariol

_ $2515,974,912.40
174,496,070,959.35 miles

=$0.01442 per mile

Scenario 2 Structure

Scenario 2 was similar to Scenario 1; the only difference being that the goal was
to charge a higher flat VMT fee in order to generate additional net revenue needed to
help maintain and improve Texas infrastructure and mobility in the amount of $14.3

billion dollars annually. This new target revenue was calculated as shown by Equation

(12).

(Current State Gas Tax Annual Revenue +

Annual Installation Costs+

Additional Desired Revenue Annually) (12)
(1— Percent Operating Cost — Percent Leakage)

New Target Revenue =

where
New Target Revenue=%$20,390,974,912.40

Additional Desired Revenue Annually=$14.3 billion
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Thus, the flat VMT fee associated with the static model of Scenario 2 was calculated as

shown in Equation (13).

Scenario 2 Flat VM T Fee New Target Revenuesnaio »

Model Type — ZWeighted ANNMILES

where
Model Type=Static or Dynamic

Flat VMT Fee

Static Scenario 2

. NeW Target RevenueScenarioz
Z WelghtEd ANNMI LE%taticScenario 2

$20,390,974,912.40
176,389,021,987.66 miles

=$0.1156 per mile

Flat VMT Fee

DynamicScenario 2

_ NeW Target RevenueScenarioz
Z We'ghted AN N M I LE%ynamicScenarioZ

_ $20,390,974,912.40
135,645,497,379.79 miles

=$0.1503 per mile

(13)

For all scenarios designed to generate the additional net revenue of $14.3 billion

desired for addressing Texas’s infrastructure and mobility needs, it was assumed that this
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revenue increase would be strictly earmarked for transportation use. The revenue
amount currently dedicated to schools would not change.
Scenario 3 Structure
Scenario 3 was a three-tier system geared towards encouraging the use of more

fuel efficient vehicles. Initially, vehicles were placed into one of three categories based
upon their fuel economy in the same manner outlined by Zhang and McMullen in their
paper entitled, Green Vehicle Mileage Fees: Concept, Evaluation Methodology,
Revenue Impact, and User Responses (Zhang and McMullen, 2010). Categories were
delineated using the following system (Zhang and McMullen, 2010):

e MPG<Median Fuel Economy: $0.020 per mile fee

e Median Fuel Economy<MPG < Mean Fuel Economy: $0.015 per mile fee

e MPG>Mean Fuel Economy: $0.010 per mile fee
Thus, it was necessary to determine both the median and mean fuel economy for the data
that was weighted to reflect vehicle-owning Texas households in the year 2008 (see

Table 26).

Table 26. Weighted Average and Median Vehicle Fuel Economy
Average Vehicle Fuel Economy (MPG) 21.02
Median Vehicle Fuel Economy (MPG) 19.60

After the initial scenario was run and the VMT fee revenue generated was

calculated, Scenario 3 was then scaled to better meet the need for additional revenue;
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keeping the original fee ratio. The same new target revenue as that calculated in
Equation (12) for Scenario 2 was used for Scenario 3. The resulting fees under the static
model and the dynamic model are shown below.

Static Model

e MPG<Median Fuel Economy: $0.1541 per mile fee

e Median Fuel Economy<MPG <Mean Fuel Economy: $0.1156 per mile fee

e MPG2>Mean Fuel Economy: $0.07706 per mile fee

Dynamic Model

¢ MPG <Median Fuel Economy: $0.1974 per mile fee

e Median Fuel Economy<MPG <Mean Fuel Economy: $0.1480 per mile fee

e MPG2>Mean Fuel Economy: $0.09868 per mile fee

Scenario 4 Structure

Under Scenario 4, a different VMT fee was assessed to miles traveled on urban
roadways versus rural roadways. The goal was to raise the additional revenue needed to
meet the infrastructure and mobility needs established by the 2030 Committee, with
travel fees disaggregated to allow urban roadway travel to pay for urban needs, rural
roadway travel to pay for rural needs, and to have the shared costs be paid for by funds
collected on all roadway types. The Texas infrastructure and mobility needs are

disaggregated by need type in Table 27 (Texas 2030 Committee, 2009).
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Table 27. Disaggregated Texas Infrastructure Needs and Associated Needed Revenue

Cost Type Description Annual Amount ($)
Urban Cost Urban Mobility 7.8 Billion
Rural Cost Rural Mobility and Safety 0.9 Billion
Shared Cost Pavement Maintenance 4.0 Billion
Shared Cost Bridge Maintenance 1.6 Billion

It was challenging to determine the average annual fee for urban households and
rural households because it was unknown what percentage of travel by urban households
was on urban roadways or what percentage of travel by rural households was on rural
roadways. Logically, it was assumed that urban households travel more on urban
roadways and rural households travel more on rural roadways. For the purposes of this
research two logical combinations were assumed.

e 80/20: 80 percent of urban household travel was assumed to be on urban
roadways and 20 percent of urban household travel was assumed to be on rural
roadways. Conversely, 20 percent of rural household travel was assumed to be
on urban roadways and 80 percent of rural household travel was assumed to be
on rural roadways.

e 70/30: 70 percent of urban household travel was assumed to be on urban
roadways and 30 percent of urban households travel was assumed to be on rural
roadways. Conversely, 30 percent of rural household travel was assumed to be
on urban roadways and 70 percent of rural household travel was assumed to be

on rural roadways.
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These assumptions seem reasonable based on rough estimates obtained by Mark

Ojah of TTI (Ojah, pers. comm.). Using second-by-second GPS vehicle tracking data
for 159 vehicles in Waco, Texas, Ojah estimated the percentage of urban household
travel on urban roadways to be 77.75 percent and the percentage of rural household
travel on rural roadways to be 58.68 percent in terms of distance. It is assumed that the
rural household percentage of travel on rural roadways may be even higher when taking
travel by rural households in more remote areas than the rural Waco area into
consideration. Additional differences between these estimates and the actual urban
household versus rural household road type travel breakdown may stem from the fact
that the delineation of urban versus rural used in Ojah’s analysis was based on
Transportation Analysis Zone (TAZ) (households and travel outside a TAZ were
considered rural), which does not directly correspond to the census definition used in
this analysis (Ojah, pers. comm.). However, these rough estimate values are at least
similar to the estimates of 80/20 and 70/30 used in this analysis. Further research into a
more exact estimate may be useful in future research. The resulting urban roadway fee
and rural roadway fee for the static model and dynamic model associated with the 80/20
assumption and the 70/30 assumption are shown below.

Static Model under 80/20 Assumption

e Urban Roadway Fee: $0.1325 per mile fee

¢ Rural Roadway Fee: $0.08621 per mile fee

Static Model under 70/30 Assumption

e Urban Roadway Fee: $0.1415 per mile fee
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Rural Roadway Fee: $0.07827 per mile fee

Dynamic Model under 80/20 Assumption

Urban Roadway Fee: $0.1799 per mile fee

Rural Roadway Fee: $0.1072 per mile fee

Dynamic Model under 70/30 Assumption

Urban Roadway Fee: $0.1899 per mile fee

Rural Roadway Fee: $0.09956 per mile fee

POTENTIAL VMT FEE GOALS

Establishing desired goals for VMT fee scenarios is an important component that

policy-makers should consider prior to evaluating how a proposed scenario would affect

their constituents. In the evaluation of equity, VMT fee scenario goals could take many

forms. The following list gives a brief overview of a few possibilities. Policy-makers

may use this list as a starting-point as they brainstorm their own goal ideas.

Establish Horizontal Equity
Establish Vertical Equity
Familiarize travelers with the VMT fee concept

Implement a VMT fee collection and monitoring system that is easy to
understand

Generate additional revenue to address mobility and infrastructure needs
Encourage the use of more fuel efficient vehicles

More closely link travel to use of infrastructure
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e Make the transition from the current state gas tax system to a VMT fee timely
and affordable

An evaluation of how each of these potential goals were reached (or not reached)
within the framework of this analysis is provided in Chapter V. The following section

includes the analysis results and provides results discussion.

RESULTS AND DISCUSSION

As mentioned previously, each VMT fee scenario considered in this analysis
assumed that the VMT fee would only replace the state gas tax of the included vehicles;
with both the federal gas tax and the rest of the price of gas unchanged. The state gas
tax is only a fraction (approximately 7 percent) of the total cost of gasoline. In order to
more easily see and analyze changes brought about under each scenario, the results only
reflect the revenue associated with either the current state gas tax or the VMT fees
suggested in each scenario. However, it is important to note that when calculating the
percent change in price stemming from a shift in VMT anticipated in the dynamic
models based on elasticities, the entire price of gasoline and/or VMT fees was
considered (as shown previously in Example 2). This was because the whole price of
gas was associated with the gas price elasticities obtained for the analysis.
Current Texas State Gas Tax

The average revenue generated per household from the current state gas tax is
provided in Table 28. Note that for each income level, the household average is higher
for rural households than for urban households. Possible explanations for this finding

vary. First of all, it may be that rural households drive more on average than their urban
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household counterparts. Another possible explanation may be that the average fuel

economy of rural household vehicles is lower than urban household vehicles—causing

them to buy more gas to travel the same distance as urban households with more fuel

efficient vehicles. Still another reason may be that rural households own more vehicles

than urban households falling within the same household income level.

Table 28. Current State Gas Tax: Weighted Average Annual State Gas Tax Paid by
Each Vehicle-Owning Household

Percent More
. . . that Rural
Household All Vehlcle— AII_Vehche- All _Vehlcle— Vehicle-Owning
Owning Owning Urban Owning Rural
Income Level Households Pay
Households Households Households
($1,0005) ($ per year) ($ per year) ($ per year) than Urban
Vehicle-Owning
Households (%)
<20 126.51 122.43 144.17 17.8
20-40 179.34 162.82 241.95 48.6
40-60 218.32 202.18 278.74 37.9
60-100 279.65 257.15 352.45 37.1
100+ 313.14 289.60 388.70 342
Total 223.68 205.55 289.25 40.7

Since this research is focused on the equity of a VMT fee scenario it is critical to

both calculate and understand current expenditures on the state gas tax. Therefore, the

potential reasons for the differences in state gas tax paid by urban and rural households

(evident in Table 28) were investigated. The weighted average fuel economy for both

rural households and urban households used in this analysis were compared (see Table

29). It can be seen that for each household income level, the weighted average vehicle

fuel economy is lower for rural households than for urban households—contributing to
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the higher weighted average annual revenue collected under the current state gas tax for
rural households when compared to their urban household counterparts. Similarly, as
seen in Table 29, the weighted average fuel economy increases as household income

level increases.

Table 29. Weighted Average Vehicle Fuel Economy

Percent Higher
Average Vehicle
Household Income . Urban Household | Rural Household | Fuel Economy of
Level ($1,000s) All Vehicles (MPG) Vehicles (MPG) | Vehicles (MPG) |Urban Households
than Rural
Households (%)
<20 19.76 19.83 19.48 1.8
20-40 20.58 20.78 19.98 4.0
40-60 21.25 21.43 20.67 3.7
60-100 21.43 21.44 21.41 0.1
100+ 21.55 21.60 2142 0.8
Total 21.02 21.10 20.77 1.6

The weighted average vehicle year for all vehicle-owning households is shown in
Table 30; with a distinction made between rural households and urban households. As
household income level increases, the weighted average vehicle year also increases.
This may point to the households’ ability to pay for newer vehicles and indicates that
higher income households tend to own newer vehicles on average. The difference in
rural households versus urban households in the same household income level is not as
drastic. In fact, for household income levels 3 and 4, rural households actually have

slightly newer vehicles on average than their urban household counterparts. Therefore,
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it does not appear that vehicle year differences in rural household vehicles and urban

household vehicles contribute much to the higher weighted average state gas tax paid.

Table 30. Weighted Average Vehicle Year

Percent Higher
Weighted
Household All Vehicle- Urban Vehicle- Rural Vehicle- Average Vehicle
Income Level Owning Owning Owning Year of Rural
($1,000s) Households Households Households Households than
Urban
Households (%)
<20 1997.57 1997.60 1997.42 0.18
20-40 1999.51 1999.73 1998.85 0.88
40-60 2000.52 2000.50 2000.61 -0.11
60-100 2001.47 2001.42 2001.62 -0.20
100+ 2002.25 2002.27 2002.17 0.10
Total 2000.54 2000.54 2000.53 0.01

Next, an investigation into the differences in the weighted average annual VMT

between urban households and rural households was performed. The weighted average

annual VMT per household is shown in Table 31, while the weighted average annual

VMT per vehicle is provided in Table 32. The average annual revenue per vehicle

disaggregated by household income level and household geographic location is shown in

Table 33. Interestingly, it can be seen that for all household income levels, the weighted

average annual VMT per vehicle-owning household is considerably higher for rural

households than for urban households. This finding was to be expected, given the need

for rural households to travel farther to have access to goods, services, school, and work

that are more prevalent in urban areas. On a per vehicle basis, rural vehicle-owning
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households still have higher weighted average annual VMT values than urban vehicle-

owning households in the same household income level. The fact that the difference

between rural households and urban households on a per household basis is higher

percentage-wise than on a per vehicle basis suggests that on average, rural vehicle-

owning households own more vehicles than urban vehicle-owning households with the

same household income level.

Table 31. Current Gas Tax System: Weighted Average Annual VMT per Vehicle-

Owning Household
Percent More
Miles Driven by
Household All Vehlcle— Urban V_ehlcle— Rural V(_ahlcle— Rural Vt_ehlcle—
Income Level Owning Owning Owning Owning
($1,0005) Households Households Households Households than
' (miles) (miles) (miles) Urban Vehicle-
Owning
Households (%)
<20 12,480 12,127 14,005 15.5
20-40 17,907 16,530 23,124 399
40-60 21,809 20,330 27,347 34.5
60-100 27,835 25,798 34,429 33.5
100+ 31,263 29,100 38,207 31.3
Total 22,287 20,652 28,201 36.6
Table 32. Weighted Average Annual VMT per Vehicle
Percent More
that Rural
Household All Vehicles Urban Rural Household Vehicles are
Income Level . Household . . .
($1,0005) (miles) Vehicles (miles) Vehicles (miles) Driven than
! Urban Vehicles
(%0)
<20 8,305 8,184 8,790 7.4
20-40 9,957 9,681 10,790 11.5
40-60 10,820 10,377 12,282 18.4
60-100 12,298 11,771 13,795 17.2
100+ 12,654 12,047 14,431 19.8
Total 11,084 10,631 12,496 17.5




Table 33. Average State Gas Tax Paid per Vehicle
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Percent More that
Rural Vehicle-
Owning
Household Income All Vehicles ($) Urban Household | Rural Household | Households Pay
Level ($1,000s) Vehicles (3$) Vehicles ($) than Urban
Vehicle-Owning
Households per
Vehicle (%)
<20 84.19 82.62 90.49 9.5
20-40 99.72 95.35 112.90 18.4
40-60 108.32 103.20 125.19 21.3
60-100 123.55 117.34 141.22 20.4
100+ 126.75 119.89 146.82 22.5
Total 111.24 105.81 128.17 21.1

A summary of the findings from the weighted annual average state gas tax is provided in

Table 34 on a per vehicle basis and in Table 35 on a per household basis.

Table 34. Summary of Weighted Annual Average State Gas Tax Findings on a per

Vehicle Basis

Household Income

Percentage More
that Rural Vehicle-
Owning
Households Pay
per Vehicle than
Urban Vehicle-

Percentage More
that Rural
Households Drive
per Vehicle than

Percentage Worse

Gas Mileage that

Rural Household
Vehicles Have

Percentage More
that Rural Vehicle-
Owning
Households Pay
per Vehicle than
Urban Vehicle-

Level ($1,0005) Owning Urban Households|Compared to their Owning
Households Pay | Drive per Vehicle | Urban Household | Households Pay
per Vehicle (%) Counterparts (%) per Vehicle

(Weighted (Unweighted

Average) (%) Average) (%)
<20 9.5 7.4 1.8 9.3
20-40 18.4 11.5 4.0 16.0
40-60 21.3 18.4 3.7 22.8
60-100 20.4 17.2 0.1 17.4
100+ 22.5 19.8 0.8 20.8
Total 21.1 17.5 1.6 19.4
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An example calculation used to obtain the last column in Table 34 (Percent More
Gasoline that Rural Households Spend per Vehicle Compared to their Urban Household

Counterparts (Unweighted Average) (%)) is shown below in Example 3:

Example 3
Per Vehicle: Household Income Level <$20,000
e Rural households pay 9.5 % more per vehicle
¢ Rural households drive 7.4 % more per vehicle

e Rural household vehicles have a 1.8 % worse average gas mileage

Urban Households Rural Households
100 miles 107.4 miles
19.83 MPG 19.48 MPG

Required Gallons of Gasoline:

Urban Households= 100 miles =5.04286 gallons
19.83MPG

Rural Households= 107.4 miles =5.51335gallons
19.48 MPG

Percent More Gasoline that Rural Households Spend per Vehicle Compared
to their Urban Household Counterparts (%):

5.51qallons

=1.093
5.04 gallons

(1.093-1)- 100=9.3%
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Table 35. Summary of Weighted Annual Average State Gas Tax Findings on a per

Household Basis

Household Income
Level ($1,000s)

Percentage More
that Rural
Vehicle-Owning
Households Pay
than Urban
Vehicle-Owning
Households Pay
per Household

Percentage More
that Rural
Vehicle-Owning
Households Drive
than Urban
Vehicle-Owning
Households Drive

Percentage Worse
Gas Mileage that
Rural Vehicle-
Owning
Households Have
Compared to their
Urban Household

Percentage More
that Rural Vehicle-
Owning
Households Pay
than Urban
Vehicle-Owning
Households Pay
per Household

(Weighted per Household (%0)| Counterparts (%) | (Unweighted

Average) (%) Average) (%)
<20 17.8 15.5 1.8 17.6
20-40 48.6 39.9 4.0 455
40-60 37.9 34.5 3.7 394
60-100 37.1 335 0.1 33.7
100+ 34.2 31.3 0.8 324
Total 40.7 36.6 1.6 38.8

An example calculation used to obtain the last column in Table 35 (Percent More

Gasoline that Rural Households Spend per Household Compared to their Urban

Household Counterparts (Unweighted Average)) (%)) is shown below in Example 4:

Example 4

Per Household: Household Income Level <$20,000

Rural Households pay 17.8 % more per household

e Rural Households drive 15.5 % more per household

Urban Households

100 miles
19.83 MPG

Rural Households

115.5 miles
19.48 MPG

Rural Household have a 1.8 % worse average gas mileage
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Required Gallons of Gasoline:

Urban Households= 100 miles =5.04 gallons
19.83MPG

Rural Households= 115.5 miles =5.93 gallons
19.48 MPG

Percent More Gasoline that Rural Households Spend per Vehicle Compared
to their Urban Household Counterparts (%0):

5.93 gallons 1176
5.04 gallons

(1.176-1)- 100=17.6%

Note that columns one and four of Table 34 and columns one and four of Table
35 are similar, yet slightly different. Differences stem from the fact that the fourth
column does not take into consideration which vehicles (and their corresponding vehicle
gas mileage) are driven what proportion of the ANNMILES. As a simplified, theoretical

example, consider Example 5; which helps to illustrate the reason for these differences.

Example 5

Urban Households

ANNMILES Vehicle Gas Mileage

Vehicle 1: 100 Miles 25 MPG
Vehicle 2: 50 Miles 30 MPG
Vehicle 3: 25 Miles 15 MPG

23.33 MPG (unweighted average)
25 MPG (weighted average)
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Rural Households

ANNMILES Vehicle Gas Mileage

Vehicle 1: 107.4 Miles 20 MPG
Vehicle 2:  53.7 Miles 25 MPG
Vehicle 3: 26.85 Mile 23.76 MPG

22.92 MPG (unweighted average)
21.97 MPG (weighted average)

Summary
e Rural households drive 7.4 % more per vehicle

¢ Rural household vehicles have a 1.8 % worse average gas mileage (unweighted
by ANNMILES)

e Rural household vehicle have a 13.8 % worse average gas mileage (weighted by
ANNMILES)

Although the GCOST varied slightly for different vehicles included in the survey, the
GCOST value ranges were small, and thus were assumed to have little effect on
differences in the unweighted average column and weighted average column.

To summarize Table 34, it appears that on average, rural households pay more in
gasoline per vehicle, drive their vehicles more miles, and have slightly worse gas
mileage than urban households. The fact that the overall percentage more that rural
households pay per vehicle is higher for the weighted average than the unweighted
average is an indication that rural households tend to drive their less fuel efficient
vehicles more than their more fuel efficient vehicles. Differences between urban
households and rural households are magnified in Table 35 when compared to Table 34,
which supports the notion that rural households own more vehicles, on average, than

urban households.
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Static Scenario 1

The goal of Scenario 1 was to collect a similar amount of revenue as is currently
collected through the state gas tax by charging a flat VMT fee in place of the current
state gas tax. However, as was mentioned previously, costs associated with changing to
a VMT fee system were considered in adjusting the projected revenue needed to
generate a similar amount to that collected under the current state gas tax after these
additional costs were accounted for. Inherently, switching to a flat VMT fee would
cause the amount charged in VMT fees relative to the amount charged through the state
gas tax to decrease for vehicles with low fuel economies and to increase for highly fuel
efficient vehicles. The new expected weighted average annual household expenditure on
gasoline and the cost incurred from the flat VMT fee implemented as part of Scenario 1,
disaggregated in terms of household income level and household geographic location is
shown in Table 36. Not surprisingly, rural households pay more per household than
their urban household counterparts in every household income level range as was seen
under the current state gas tax. Likewise, households with higher income levels pay

increasingly more per household on average.
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Table 36. Static Scenario 1: Weighted Average Annual VMT Fee Revenue from
Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) | Households ($) | Households ($) than Urban
Vehicle-Owning
Households (%6)
<20 178.02 172.98 199.76 15.5
20-40 255.42 235.79 329.84 39.9
40-60 311.08 289.98 390.07 34.5
60-100 397.03 367.98 491.08 33.5
100+ 445.94 415.08 544.98 31.3
Total 317.90 294.58 402.25 36.6

A side-by-side comparison of the current state gas tax results to the Static

Scenario 1 results is shown in Table 37. Though all household classifications would pay

more on average than under the current state gas tax due to installation costs, operation

costs, and leakage, the percent increase would be lower for rural household when

compared to their urban household counterparts in every household income level.

Table 37. Comparison of per Household Weighted Average Annual State Gas Tax Paid

versus from VMT Fee Paid
All Urban All U_rban Percent All Rural All Rural Percent
. Vehicle- . . Vehicle- .
Vehicle- Ownin Change in Vehicle- Ownin Change in
Household Owning g Weighted Owning g Weighted
Households Households
Income Level| Households Average Cost| Households Average Cost
under VMT under VMT
($1,000s) under Fee Static per Urban under Fee Static per Rural
Current Gas Scenario 1 Household |Current Gas Scenario 1 Household
Tax ($ % Tax ($ %
®) ) (%) ®) ) (%)
<20 122.43 172.98 41.29 144.17 199.76 38.6
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All Urban . U'rban Percent All Rural All R_ural Percent
. Vehicle- : . Vehicle- .
Vehicle- Ownin Change in Vehicle- Ownin Change in
Household Owning g Weighted Owning g Weighted
Households Households
Income Level| Households Average Cost| Households Average Cost
under VMT under VMT
(%$1,000s) under . per Urban under . per Rural
Fee Static Fee Static
Current Gas Scenario 1 Household |Current Gas Scenario 1 Household
Tax ($) (%) Tax ($) (%)
®) ®
20-40 162.82 235.79 44.82 241.95 329.84 36.3
40-60 202.18 289.98 43.43 278.74 390.07 39.9
60-100 257.15 367.98 43.10 352.45 491.08 39.3
100+ 289.60 415.08 43.33 388.70 544.98 40.2
Total 205.55 294.58 4331 289.25 402.25 39.1

The percent increase experienced by each household income level amongst urban

households of all household income levels ranges from 41.29 percent to 44.82 percent.

The percent increase experienced by each rural household income level is similar;

ranging from 36.3 percent to 40.2 percent. On average, urban households experience a

higher percent increase. For urban households the second lowest income level

experiences the highest percent increase when changing to the flat VMT fee. While for

rural households, the lower household income levels generally experience a lower

percent increase than the higher income rural households. For urban households the

smallest percent increase is experienced by household income level quintile 1 and for

rural households the smallest percent increase is experienced by household income level

quintile 2. The reason that a sequentially increasing percentage is not seen for either

urban households or rural households based on household income level is that even

though the weighted average fuel economy increases as household income level
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increases the average vehicle fuel economy of a household income level does not reflect
how many miles a vehicle was driven. This helps to explain why the highest percent
increase for urban households is experienced by household income level quintile 2, even
though the average fuel economy of vehicles within this subcategory is not the highest of
all urban household income level quintiles. Rather, this result is an indication that urban
households within household income level quintile 2 drove their more fuel efficient
vehicles more extensively than their less fuel efficient vehicles.
Dynamic Scenario 1

Implementing a dynamic model was an iterative process. Based on the definition
of elasticity previously given, it was anticipated that as the total transportation fee
amount increases for a given vehicle, the vehicle would be driven less. As the total
VMT fluctuated, the flat VMT fee was adjusted so that the amount of revenue collected
still met the desired total VMT fee net revenue. The iterative approach was performed
until the largest percent change in VMT was calculated to have a magnitude of less than
0.01 percent. A summary of the largest magnitude percent change in total VMT
calculated for each of Scenario 1’s iterations, along with the flat VMT fee to be assessed
is provided in Table 38. A microscopic household example illustrating the calculations
incorporated in the first iteration of the dynamic model of Scenario 1 was provided
previously in Example 2. Aggregated results were obtained by summing the weighted

VMT changes and their associated revenues for every vehicle included in the analysis.
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Table 38. Summary of Dynamic Scenario 1 Iteration Results

Iteration Number | Largest Magnitude Percent Change in VMT (%) | Flat Fee Assessed ($)
1 -9.45 0.014264
2 0.88 0.014420
3 -0.084 0.014418
4 0.0081 0.014419

The weighted average annual cost per household associated with the flat VMT
fee anticipated after accounting for changes in driver behavior caused by fluctuations in
the total cost of gas is shown in Table 39. Note that when compared to the static model
results for Scenario 1, the dynamic model results indicate an increase in the percent
difference in the weighted average annual VMT fee assessed to rural households and
urban households. This increase is a reflection of the fact that for a given household
income level, rural households have a lower elasticity magnitude than their urban
household counterparts—indicating that rural households tend to have less of a
propensity to change their VMT when the cost associated with gas and/or VMT fee
increases. A side-by-side comparison of the percent difference between rural vehicle-
owning households and urban vehicle-owning households associated with both the static

model and dynamic model of Scenario 1 is provided in Table 40.
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Table 39. Dynamic Scenario 1: Weighted Average Annual VMT Fee Revenue from
Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 177.43 172.17 200.18 16.3
20-40 255.82 235.81 331.69 40.7
40-60 311.79 290.30 392.23 35.1
60-100 397.03 367.40 492.98 34.2
100+ 445.41 413.85 546.69 321
Total 317.90 294.12 403.90 37.3

Table 40. Comparison of Percent Difference between Rural Vehicle-Owning
Households and Urban Vehicle-Owning Households for Static Model and Dynamic

Model of Scenario 1

Static Scenario 1 Percent Dynamic Scenario 1 Percent
rousold neome Level | oS LSS | oo oo oo
' Urban Vehicle-Owning Urban Vehicle-Owning
Households (%6) Households (%0)
<20 15.5 16.3
20-40 39.9 40.7
40-60 34.5 35.1
60-100 33.5 342
100+ 31.3 32.1
Total 36.6 37.3

For both the static and dynamic scenarios, the lowest revenue discrepancy

between urban households and rural households is experienced by the lowest household

income level quintile. This may be an indication that although rural households travel

more than urban households at all household income levels, the combination of vehicle
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fuel economy, household VMT, and proportion of vehicle type usage cause this
discrepancy to peak somewhere within the household income level 2 quintile and then
gradually taper off as household income level increases. Interestingly, the overall
percent increase seen in Table 40 when comparing the static model and the dynamic
model of Scenario 1 is between 0.6 percent and 0.8 percent for all household income
level. Thus, although the relative impact of this increase differs with household income
level, there is a large amount of uniformity in absolute percentage terms.
Static Scenario 2

Given the large sum of additional revenue that was desired under Scenarios 2-4,
it is difficult to directly compare the results from these scenarios to results obtained with
either the current state gas tax or the flat VMT fee designed for in Scenario 1. However,
in spite of the drastic difference in the weighted average annual cost per household
corresponding to either the state gas tax or the proposed VMT fee scenario, it is still
possible to compare the results between Scenarios 2-4 with the results of the current
state gas tax and Scenario 1 in relative terms. In other words, it is still possible to assess
how different household income levels and different geographic location combinations
are affected relative to other household income level and geographic location
combinations for a given scenario.

The weighted average annual cost per household associated with the static model
of Scenario 2’s flat VMT fee is provided in Table 41. Note that the percent difference in

weighted average annual VMT fee revenue for rural vehicle-owning household versus
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urban vehicle-owning households is the same as the values obtained in the static model

of Scenario 1.

Table 41. Static Scenario 2: Weighted Average Annual VMT Fee Revenue from
Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,442.75 1,401.95 1,619.00 15.5
20-40 2,070.07 1,910.96 2,673.19 39.9
40-60 2,521.17 2,350.16 3,161.37 34.5
60-100 3,217.79 2,982.31 3,980.04 33.5
100+ 3,614.13 3,364.05 4,416.81 31.3
Total 2,576.46 2,387.43 3,260.07 36.6

Dynamic Scenario 2

As described for Scenario 1, an iterative process was performed when

implementing the dynamic model. However, it took seven iterations to reach a point

where the percent change in VMT for all vehicles was 0.01 or less. The larger number

of iterations needed for the implementation of Scenario 2 likely stemmed from the fact

that the percent change in the total price of gasoline (including either the current state

gas tax or the flat VMT fee) was much greater under Scenario 2 than Scenario 1 because

of the additional revenue for which the scenario was designed. The largest magnitude

percent change in total VMT calculated for each of Scenario 2’s iterations, along with

the associated flat VMT fee is listed in Table 42.
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Table 42. Summary of Dynamic Scenario 2 Iteration Results

Iteration Number Largt:]s;nl\élea?nnl\stlj\j?r F(’;: ;:ent Flat Fee Assessed ($)
1 -98.48 0.115602
2 31.08 0.150590
3 -3.31 0.150256
4 0.61 0.150335
5 -0.12 0.150324
6 0.02 0.150326
7 -.005 0.150325

The weighted average annual cost per household associated with the dynamic
model of Scenario 2’s flat VMT fee is shown in Table 43, while a side-by-side
comparison of the static versus dynamic Scenario 2 results and the dynamic results of

Scenario 1 and Scenario 2 are provided in Table 44 and Table 45 respectively.

Table 43. Dynamic Scenario 2: Weighted Average Annual VMT Fees Paid by Vehicle-

Owning Households
Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
(%$1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%0)
<20 1,308.80 1,221.07 1,687.73 38.2
20-40 2,157.75 1,927.11 3,032.01 57.3
40-60 2,671.16 2,420.95 3,607.91 49.0
60-100 3,220.65 2,866.78 4,366.12 52.3
100+ 3,507.32 3,117.59 4,758.22 52.6
Total 2,576.46 2,296.66 3,588.31 56.2
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Table 44. Difference between Rural Vehicle-Owning Households and Urban Vehicle-
Owning Households for the Static and Dynamic Model of Scenario 2

Static Scenario 2 Percent Dynamic Scenario 2 Percent
Household Income Level More that Rural Vehicle- More that Rural Vehicle-
($1,0005) Owning Households Pay than | Owning Households Pay than
' Urban Vehicle-Owning Urban Vehicle-Owning
Households (%) Households (%0)

<20 15.5 38.2
20-40 39.9 57.3
40-60 34.5 49.0
60-100 33.5 52.3
100+ 31.3 52.6
Total 36.6 56.2

Table 45. Difference between Rural Vehicle-Owning Households and Urban Vehicle-
Owning Households for the Dynamic Model of Scenarios 1 and 2

Dynamic Scenario 1 Percent Dynamic Scenario 2 Percent
Household Income Level More that Rural Vehicle- More that Rural Vehicle-
($1,0005) Owning Households Pay than | Owning Households Pay than
' Urban Vehicle-Owning Urban Vehicle-Owning
Households (%6) Households (%)

<20 16.3 38.2
20-40 40.7 57.3
40-60 35.1 49.0
60-100 342 52.3
100+ 32.1 52.6
Total 373 56.2

Based on the results displayed in Table 44 and Table 45 it is evident that rural

vehicle-owning households pay more than their urban vehicle-owning household

counterparts within the same household income level. The comparison illustrated in

Table 44 indicates that the difference is more exaggerated under the dynamic model than

under the static model—largely because urban households tend to have larger elasticity
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magnitudes than their rural household counterparts in the same household income level.

Thus, their larger percentage decrease in travel contributes toward them paying less per

household. The reason that percent differences in household pay is more exaggerated in

dynamic model results of Scenario 2 than Scenariol also stems from the larger elasticity

magnitude associated with urban households. As the total price of gasoline (including

the VMT fee) increases more drastically, households with large elasticities will decrease

their VMT more drastically than those households with small elasticities.

Static Scenario 3

The weighted average annual VMT fee revenue from vehicle-owning households

under the static model of Scenario 3 is shown in Table 46.

Table 46. Static Scenario 3: Weighted Average Annual VMT Fee Revenue from
Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
(%$1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,438.69 1,383.95 1,675.12 21.0
20-40 2,039.97 1,843.33 2,785.37 51.1
40-60 2,502.18 2,308.13 3,228.67 39.9
60-100 3,247.02 2,971.96 4,137.39 39.2
100+ 3,637.62 3,355.51 4,543.12 354
Total 2,576.46 2,357.29 3,369.05 429
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Dynamic Scenario 3
The weighted average annual VMT fee revenue from vehicle-owning households
under the dynamic model of Scenario 3 is presented in Table 47 and the result of each

iteration included in the dynamic model of Scenario 3 are provided in Table 48.

Table 47. Dynamic Scenario 3: Weighted Average Annual VMT Fee Revenue from
Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,314.39 1,218.66 1,727.89 41.8
20-40 2,129.93 1,870.37 3,113.82 66.5
40-60 2,644.93 2,378.13 3,643.78 53.2
60-100 3,245.63 2,861.56 4,488.87 56.9
100+ 3,529.82 3,119.92 4,845.46 553
Total 2,576.46 2,275.10 3,666.26 61.2

Table 48. VMT Fee Assessed as Part of Scenario 3 by Iteration and Fuel Economy

Iteration Number

Fee Assessed to
Vehicles with Fuel
Economy Lower than
the Median (%)

Fee Assessed to
Vehicles with Fuel
Economy Greater

Than or Equal to the
Median and Less or
Equal to the Mean ($)

Fee Assessed to
Vehicles with Fuel
Economy Higher
than the Mean ($)

Original 0.020 0.015 0.010
1 0.1541176 0.1155882 0.0770588
2 0.1977567 0.1483175 0.0988784
3 0.1972839 0.1479629 0.0986420
4 0.1973691 0.1480268 0.0986845
5 0.1973570 0.1480178 0.0986785
6 0.1973589 0.1480192 0.0986795
7 0.1973586 0.1480190 0.0986793
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The weighted average annual VMT fee revenue per vehicle-owning household

with the static model—under the 80/20 Scenario 4 assumption—is presented in Table

49. Recall that the 80/20 assumption implies that 80 percent of urban household travel is

assumed to be on urban roadways and 80 percent of rural household travel is assumed to

be on rural household roadways.

Table 49. Static Scenario 4 (80/20 Assumption): Weighted Average Annual VMT Fee
Revenue from Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,464.62 1,494.20 1,336.87 -10.5
20-40 2,072.33 2,036.71 2,207.36 8.4
40-60 2,527.08 2,504.81 2,610.46 4.2
60-100 3,204.02 3,178.55 3,286.47 34
100+ 3,600.07 3,585.41 3,647.13 1.7
Total 2,576.46 2,544.52 2,691.97 5.8

The weighted average annual VMT fee revenue per vehicle-owning household

obtained using the static model for Scenario 4 under the 70/30 assumption are shown in

Table 50. Recall that similar to the 80/20 assumption description given previously, the

70/30 assumption implies that 70 percent of urban household travel is on urban

roadways while 70 percent of rural household travel is on rural roadways.
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Table 50. Static Scenario 4 (70/30 Assumption): Weighted Average Annual VMT Fee
Revenue from Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,462.69 1,486.03 1,361.86 -8.4
20-40 2,072.13 2,025.56 2,248.63 11.0
40-60 2,526.56 2,491.11 2,659.27 6.8
60-100 3,205.24 3,161.17 3,347.92 5.9
100+ 3,601.32 3,565.80 3,715.32 4.2
Total 2,576.46 2,530.61 2,742.30 8.4

Dynamic Scenario 4

The dynamic model results for Scenario 4 showing the weighted average annual

VMT fee revenue from vehicle-owning households included in this analysis under the

80/20 assumption are shown in Table 51. The VMT fees established for both urban

roadways and rural roadways after each iteration of the dynamic model under the 80/20

assumption are summarized in Table 52. Note that a constraint was implemented to

ensure that the largest magnitude percent change in VMT was 100 percent. This ensured

that changes in travel behavior more closely reflected reality; with vehicles unable to

drive negative miles. This constraint was not necessary in dynamic scenarios other than

Scenario 4 because dynamic changes in VMT magnitude did not exceed 100 percent.
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Table 51. Dynamic Scenario 4 (80/20 Assumption): Weighted Average Annual VMT
Fee Revenue from Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,318.83 1,293.79 1,427.02 10.3
20-40 2,166.52 2,073.07 2,520.74 21.6
40-60 2,690.86 2,609.41 2,995.79 14.8
60-100 3,207.31 3,069.40 3,653.73 19.0
100+ 3,484.60 3,325.17 3,996.34 20.2
Total 2,576.46 2,459.12 3,000.80 22.0

Table 52. Urban Roadway VMT Fee and Rural Roadway VMT Fee by Iteration under
the 80/20 Assumption

Percent Higher
Largest the Urban
Iteration Urban Roadway | Rural Roadway Magnitude Roadway Fee is
Number VMT Fee ($) VMT Fee ($) Percent Change than the Rural
inVMT Roadway Fee
(%)
1 0.1324599 0.0862066 -100.00 53.7
2 0.1805112 0.1069447 32.29 68.8
3 0.1797693 0.1072499 -3.33 67.6
4 0.1798953 0.1072489 0.62 67.7
5 0.1798788 0.1072481 -0.12 67.7
6 0.1798814 0.1072484 0.02 67.7
7 0.1798810 0.1072483 -0.005 67.7

The results for Scenario 4 are provided in Table 53—showing the weighted

average annual VMT fee revenue from vehicle-owning vehicles included in this analysis

under the 70/30 assumption. The VMT fees established for both urban roadways and
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rural roadways after each iteration of the dynamic model under the 70/30 assumption are
outlined in Table 54. Note that the same constraint described previously for Table 52
was also applied to Table 54. Scenario 4 was designed to inherently possess horizontal
equity, by more closely linking fees to type of roadway use, as will be further discussed

later in this chapter.

Table 53. Dynamic Scenario 4 (70/30 Assumption): Weighted Average Annual VMT
Fee Revenue from Vehicle-Owning Households

Percent More
that Rural
Household All Vehicle- All Vehicle- All Vehicle- Vehicle-Owning
Income Level Owning Owning Urban Owning Rural Households Pay
($1,000s) Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 1,316.49 1,279.58 1,475.88 15.3
20-40 2,165.14 2,047.14 2,612.44 27.6
40-60 2,687.76 2,576.21 3,105.34 20.5
60-100 3,209.82 3,032.55 3,783.64 24.8
100+ 3,488.47 3,286.55 4,136.56 25.9
Total 2,576.46 2,429.55 3,107.74 27.9

Table 54. Urban Roadway VMT Fee and Rural Roadway VMT Fee by Iteration under

the 70/30 Assumption
Percent Higher
Largest the Urban
Iteration Urban Roadway | Rural Roadway Magnitude Roadway Fee is
Number VMT Fee ($) VMT Fee ($) Percent Change | than the Rural
inVMT Roadway Fee
(%)
1 0.1415052 0.0782721 -100.00 80.8
2 0.1905643 0.0994015 32.24 91.7
3 0.1898089 0.0995447 -3.33 90.7
4 0.1899498 0.0995569 0.62 90.8
5 0.1899310 0.0995547 -0.12 90.8
6 0.1899340 0.0995552 0.02 90.8
7 0.1899335 0.0995551 -0.005 90.8
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The percent increase in the average annual amount assessed per household in the
form of a VMT fee versus the state gas tax is shown in Table 55 for the static results and
in Table 56 for the dynamic results. The scenario with the smallest percent increase
experienced by each household income level quintile coincides with the results

explained later in Table 57 and Table 58.

Table 55. Percent Increase in the Average Annual Amount Assessed per Household in
the Form of a VMT Fee versus the State Gas Tax for the Static Models (%)

Irzglrjr?:r:_oel\?el Scenario 1 Scenario 2 Scenario 3 g(;z%azgsjrz;gg; ;&%%a'g;jmuggg;
($1,000s) Urb Rur Urb Rur Urb Rur Urb Rur Urb Rur
<20 413 38.6 1,045.1 | 1,023.0 | 1,030.4 | 1,061.9 1,120.5 827.3 1,113.8 844.6
20-40 448 36.3 1,073.7 | 1,004.9 | 1,032.1 | 1,051.2 1,150.9 812.3 1,144.0 829.4
40-60 43.4 39.9 1,062.4 | 1,034.2 | 1,041.6 | 1,058.3 1,138.9 836.5 1,132.1 854.0
60-100 43.1 39.3 1,059.8 | 1,029.2 | 1,055.7 | 1,073.9 1,136.1 832.5 1,129.3 849.9
100+ 433 40.2 1,061.6 | 1,036.3 | 1,058.7 | 1,068.8 1,138.1 838.3 1,131.3 855.8
Total 433 39.1 1,061.5 | 1,027.1 | 1,046.8 | 1,064.8 1,137.9 830.7 1,131.1 848.1

Table 56. Percent Increase in the Average Annual Amount Assessed per Household in
the Form of a VMT Fee versus the State Gas Tax for the Dynamic Models (%)

Ir:_églriﬁs:rll_oel\(/jel Scenario 1 Scenario 2 Scenario 3 :&%agsosjrﬁggg; ;&%%TSOSS;SSEL
($1,000s) Urb Rur Urb Rur Urb Rur Urb Rur Urb Rur
<20 40.6 38.8 897.4 1,070.7 895.4 1,098.5 956.8 889.8 945.2 923.7
20-40 448 37.1 1,083.6 | 1,153.2 | 1,048.7 | 1,187.0 1,173.2 941.8 1,157.3 979.7
40-60 43.6 40.7 1,097.4 | 1,1944 | 1,076.2 | 1,207.2 1,190.6 974.8 1,174.2 1,014.1
60-100 429 39.9 1,014.8 | 1,138.8 | 1,012.8 | 1,173.6 1,093.6 936.7 1,079.3 973.5
100+ 429 40.6 976.5 1,124.1 977.3 1,146.6 1,048.2 928.1 1,034.9 964.2
Total 43.1 39.6 1,017.3 | 1,140.6 | 1,006.8 | 1,167.5 1,096.4 937.4 1,082.0 974.4
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An overall “winners” and “losers” summary for the static results and the dynamic

results are shown in Table 57 and Table 58, respectively—where winners coincide to the

scenario where a given household type experiences the smallest percent increase in

annual average VMT fee as compared to the state gas tax. As with Table 55 and Table

56, these findings coincide with the results presented in the next section where only the

scenarios designed to generate additional net revenue are considered (Scenarios 2-4).

Table 57. “Winners” and “Losers” for the Static Models

(1= “Winner” and 5= “Loser”)

Household Scenario 4 Scenario 4
Income Scenario 1 | Scenario 2 Scenario 3 under 80/20 under 70/30
Level Assumption Assumption
($1,000s) | Urb | Rur | Urb | Rur | Urb | Rur Urb Rur Urb Rur
<20 1 1 3 4 2 5 5 2 4 3
20-40 1 1 3 4 2 5 5 2 4 3
40-60 1 1 3 4 2 5 5 2 4 3
60-100 1 1 3 4 2 5 5 2 4 3
100+ 1 1 3 4 2 5 5 2 4 3
Total 1 1 3 4 2 5 5 2 4 3
Table 58. “Winners” and “Losers” for the Dynamic Models
(1= “Winner” and 5= “Loser”)
Household Scenario 4 Scenario 4
Income | Scenariol | Scenario 2 Scenario 3 under 80/20 under 70/30
Level Assumption Assumption
($1,000s) | Urb | Rur | Urb | Rur | Urb | Rur Urb Rur Urb Rur
<20 1 1 3 4 2 5 5 2 4 3
20-40 1 1 3 4 2 5 5 2 4 3
40-60 1 1 3 4 2 5 5 2 4 3
60-100 1 1 3 4 2 5 5 2 4 3
100+ 1 1 2 4 3 5 5 2 4 3
Total 1 1 3 4 2 5 5 2 4 3
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A closer comparison of Scenarios 2-4 is merited because even though all of these

scenarios generate the same total amount of revenue, their underlying philosophies vary

greatly and their impacts vary by household geographic location. In essence, their equity

impacts differ. The static scenario that results in the lowest weighted average annual

household VMT fee from vehicle-owning households, disaggregated by both household

income level and household geographic location is shown in Table 59.

Table 59. Most Favorable Static Scenario—Disaggregated by Household Income Level
and Household Geographic Location—Designed to Increase Revenue

Household Income All Vehicle-Owning All Vehicle-Owning All Vehicle-Owning
Level ($1,000s) Households ($) Urban Households ($) | Rural Households ($)
<20 Scenario 3 Scenario 3 Scenario 4 80/20
Assumption
20-40 Scenario 3 Scenario 3 Scenario 4 80/20
Assumption
40-60 Scenario 3 Scenario 3 Scenario 4 80/20
Assumption
60-100 Scenario 4 80/20 Scenario 3 Scenario 4 80/20
Assumption Assumption
100+ Scenario 4 80/20 Scenario 3 Scenario 4 80/20
Assumption Assumption
Total Same for All Scenarios Scenario 3 Scenario 4 80/20
Assumption

First of all, note that the total weighted average annual vehicle-owning household

VMT fee revenue is the same for all four scenarios designed to generate revenue in

addition to that already collected through the state gas tax from the vehicles included in

the analysis. What differs is that each scenario results in different changes to the

household tax/fee paid. Interestingly, across all vehicle-owning urban household income
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levels, Scenario 3 in the smallest increase. Because Scenario 3 is designed to reward and
encourage the use of fuel-efficient vehicles, this supports the idea that urban households
tend to drive more fuel-efficient vehicles.

By contrast, the most beneficial revenue generating static scenario for rural
households was Scenario 4 with the 80/20 assumption. A larger ratio of the desired
annual $14.3 billion increase in revenue was earmarked to urban roadways fees. Under
both the 80/20 assumption and the 70/30 assumption, the urban roadway VMT fee was
calculated to be higher than the rural roadway VMT fee. Urban households were
assumed to drive a larger percentage of their VMT on urban roadways and rural
households were assumed to drive a larger percentage of their VMT on rural roadways.
Thus, it makes sense that the lower VMT fee assigned to rural roadways would
contribute towards an economically beneficial scenario for rural households. The results
also indicate that under the static model assumption, rural households benefitted from
the lower VMT fee assigned to rural roadways more under the 80/20 assumption than
under the 70/30 assumption—indicating that the 10 percent increase in urban roadway
travel resulted in less of a benefit to rural households.

The same results shown in Table 60 are shown in Table 59; with the only
difference being that the Table 60 results correspond to the dynamic model rather than
the static model. Vehicle-owning urban households have a greater propensity to lower
their VMT as the total price of gas (including the cost of the proposed VMT fees)
increases, when compared to vehicle-owning rural households. Therefore, it is not

surprising that greater disparity in the weighted average annual VMT fee revenue is seen
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between vehicle-owning urban households and vehicle-owning rural households within
the same household income level under the dynamic model versus the static model.
While Scenario 3 is still the most beneficial for vehicle-owning urban households
overall, vehicle-owning urban households within household income level quintile 5
actually benefit the most from Scenario 2 under the dynamic model (although the
difference between Scenario 2 and Scenario 3 is small). This may be a reflection of the
percentage of miles that fuel efficient vehicles are driven by high income urban vehicle-
owning households. Just because this household subcategory has a higher average
vehicle fuel-economy than households with a lower household income level, does not
necessarily dictate how much they use their fuel efficient vehicles.

Interestingly, Scenario 2 is the most beneficial dynamic model when considering
all vehicle-owning households with household income level quintile 1, even though
Scenario 2 is not the most beneficial for this lowest household income level for either
vehicle-owning urban households or vehicle-owning rural households considered
separately. This is an indication that while Scenario 3 benefited vehicle-owning urban
households with household income level quintile 1 the most monetarily, it had the most
negative monetary impact on vehicle-owning rural households within the same
household income level when considering the four scenarios designed to generate
additional revenue. Likewise, while Scenario 4 under the 80/20 assumption benefited
vehicle-owning rural households the most monetarily, it was the most monetarily hurtful
revenue generating scenario for vehicle-owning urban households. Thus, as a more

moderate scenario for all vehicle-owning households with household income level
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quintile 1, Scenario 2 is the most monetarily desirable scenario designed to generate

additional net revenue when considering dynamic models.

Table 60. Most Favorable Dynamic Scenario—Disaggregated by Household Income
Level and Household Geographic Location—Designed to Increase Revenue

Household Income All Vehicle-Owning ﬁ"rt\,;enh:ﬁffemgf All Vehicle-Owning
Level ($1,000s) Households ($) ) Rural Households ($)

. . Scenario 4 80/20

<20 Scenario 2 Scenario 3 Assumption
20-40 Scenario 3 Scenario 3 Scenario 4 80/ 20

Assumption
. . Scenario 4 80/20

40-60 Scenario 3 Scenario 3 Assumption
Scenario 4 80/20 . Scenario 4 80/20

60-100 Assumption Scenario 3 Assumption
Scenario 4 80/20 . Scenario 4 80/20

100+ Assumption Scenario 2 Assumption
Total Same for All Scenarios Scenario 3 Scenario 4 50/ 20

Assumption

GINI COEFFICIENTS AND VERTICAL EQUITY

As mentioned in Chapter 11, the Gini Coefficient (G) was calculated for each

scenario and compared relative to the state gas tax to determine whether it was

quantitatively more or less vertically equitable than the current state gas tax system.

Recall that a G value close to 0 is indicative that the Lorenz Curve plot is close to the

line of equity. By contrast, the closer G is to 1 the further the Lorenz Curve is from the

line of equity and the more progressive the scenario (see Equation (1) and Figure 1 for

relevant calculation explanations and schematics). The results are shown in Table 61.
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Table 61. Gini Coefficients for Texas Vehicle-Owning Households in 2008 under

Various Transportation Fee Scenarios

Scenario Gini Coefficient (G) Description of Results

Most Progressive (Scenario
where high income households
Static Scenario 3 0.1734 pay larger percentage of state
gas tax or VMT fees than any

other scenario)

Dynamic Scenario 3 0.1712
Static Scenario 1 0.1697
Static Scenario 2 0.1697

Dynamic Scenario 1 0.1692

Gas Tax 0.1687
Dynamic Scenario 2 0.1684
Static Scenario 4, 70/30 0.1672
Static Scenario 4, 80/20 0.1670
Dynamic Scenario 4, 70/30 0.1661

Most Regressive (Scenario
where high income households
Dynamic Scenario 4, 80/20 0.1656 pay smaller percentage of state
gas tax or VMT fees than any

other scenario)

The information displayed in Table 61 is especially useful if analyzed in relation
to the current state gas tax. As seen in Table 61, it appears that half of the VMT fee
scenarios are more progressive than the current state gas tax system, while half are more
regressive than the current state gas tax system. All variations of Scenario 4, as well as
Dynamic Scenario 2 are more regressive than the state gas tax. Scenario 3 is the most
progressive scenario. Note that Static Scenario 1 and Static Scenario 2 have the same G

value—as is to be expected given that the only difference between the two scenarios is a
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scaling factor. Although the results shown in Table 61 make it possible to compare the
vertical equity of each scenario, conclusions should be drawn from a practical
standpoint. The tight range of G values (difference between max and min values totaling
0.0078) is an indication that all of the analyzed VMT fee scenarios are essentially as
equally vertically equitable as the current state gas tax system. All scenarios (including
the state gas tax) are progressive in nature, largely due to the fact that higher income
households own more vehicles, and thus contribute more towards the total state gas tax
revenue. However, it is important to understand that the term “progressive” in this case
is used to indicate that higher income household quintiles pay more of the overall state
gas tax revenue; not the broader meaning that lower income households pay a lower

percentage of their overall household income on the transportation fee.

HORIZONTAL EQUITY

Scenario 4 was designed to inherently achieve horizontal equity because all
vehicles, regardless of which type of household they belong to, pay the designated fees
unique to urban roadways and rural roadways. In turn, the revenue from each roadway
fee goes back to improving the mobility and infrastructure of that area type with the
revenue amount dictated by the disaggregation of roadway type needs (urban roadway,
rural roadway, shared). Thus, this type of design is one form of the “equal treatment of
equals (Toutkoushian and Michael, 2007)”. Scenario 4 was used as the benchmark in
quantitatively assessing the relative horizontal equity of each scenario, disaggregated in

terms of household geographic location. The horizontal equity results corresponding to
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the static models are shown in Table 62, while the horizontal equity results
corresponding to the dynamic models are shown in Table 63. The actual revenue totals

generated under the state gas tax and the VMT fee scenarios are presented in Table 64.

Table 62. Horizontal Equity Comparison of Urban Households and Rural Households

for Static Models
Percentage of Percentage of Increase in
Percent Rural
Total Revenue Total Revenue Households Pa
Scenario Collected from Collected from Comments Y
Urban Rural Vversus Scenario
4 (80/20, 70/30)
Households Households
(%)
Horizontally
Static Scenario 4 Equitable under
80/20 774 22.6 Scenario 4 80/20 (0.-0.5)
Assumption
Horizontally
Static Scenario 4 Equitable under
70/30 76.9 23.1 Scenario 4 70/30 (0.5.0)
Assumption
Static Scenario 2 72.6 27.4 (4.8.4.3)
Static Scenario 1 72.6 27.4 (4.8.4.3)
State Gas Tax 72.0 28.0 (5.4,4.9)
Rural Households
Static Scenario 3 71.7 28.3 Affected Most (5.75.2)
Negatively

Table 63. Horizontal Equity Comparison of Urban Households and Rural Households

for Dynamic Models
Percentage of Percentage of Increase in
Percent Rural
Total Revenue Total Revenue Households Pa
Scenario Collected from Collected from Comments Y
Urban Rural Vversus Scenario
Households Households 4 (80/20, 70/30)
(%)
Horizontally
Dynamic Equitable under
Scenario 4 80/20 748 25.2 Scenario 4 80/20 (0.-0.9)
Assumption
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Difference in
Percentage of Percentage of Percentage of Rural
Total Revenue Total Revenue Household Revenue
Scenario Collected from Collected from Comments under Scenario 4
Urban Rural (80/20, 70/30) versus
Households Households the Scenario in
Question (%)
. Horizontally
Dynamlc Equitable under
Scenario 4 73.9 26.1 . (0.9,0)
Scenario 4 70/30
70/30 .
Assumption
Dynamic
Scenario 1 72.5 27.5 (2.3,1.4)
Dynamic
Scenario 2 69.8 30.2 (5.04.1)
Dvnamic Rural Households
ynan 69.2 30.8 Affected Most (5.6,4.7)
Scenario 3 .
Negatively

Table 64. Total Revenue Generated by Urban Households and Rural Households

Total Revenue
Generated from
Either State Gas

Total Revenue
Generated from
Either State Gas

Total Revenue
Generated from
Either State Gas

Difference in
Total Revenue
Generated by

Assumption)

Scenario Taxor VMT Fee | Taxor VMT Fee | Tax or VMT Fee Urban
Households
from All from Urban from Rural versus Rural
Households ($) Households ($) Households ($) Households ($)
State Gas Tax 1,770.254,297 1.274,355,697 495,898,600 778,457,097
Static 2,515,974,912 1,826,336,305 689,638,607 1,136,697,698
Scenario 1
Dynamic 2,515,974,912 1,823,514,940 692,459,972 1,131,054,968
Scenario 1
Static 20390,974.912 | 14,801,728.586 5,589,246,326 9,212,482,260
Scenario 2
Dynamic 20,390,974,912 | 14,238,989,580 6,151,985,332 8,087,004,248
Scenario 2
Static 20,390,974,912 | 14,614,900,960 5,776,073,952 8,838,827,008
Scenario 3
Dynamic 20,390,974.912 | 14,105,345,464 6,285,629,449 7,819,716,015
Scenario 3
Static
Scenario 4 (80/20 | 20,390,974,912 | 15,775,719,071 4,615,255,841 11,160,463,230
Assumption)
Dynamic
Scenario 4 (80/20 | 20,390,974.912 | 15,246,247,536 5,144,727.376 10,101,520,160
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Total Revenue Total Revenue Total Revenue Difference in
Total Revenue
Generated from | Generated from | Generated from Generated b
Scenario Either State Gas | Either State Gas | Either State Gas Urban y
Tax or VMT Fee | Taxor VMT Fee | Tax or VMT Fee
Households
from All from Urban from Rural versus Rural
Households ($) Households ($) Households ($) Households ($)
Static
Scenario 4 (70/30 20,390,974,912 15,689,428,332 4,701,546,580 10,987,881,752
Assumption)
Dynamic
Scenario 4 (70/30 20,390,974,912 15,062,890,024 5,328,084,888 9,734,805,136
Assumption)

For both the static model (Table 62) and the dynamic model (Table 63), Scenario

3 causes rural households to pay the largest percentage of the total revenue collected

under any scenario of the same model type. Additionally, both the static model and the

dynamic model of Scenario 3 are less horizontally equitable than the state gas tax, under

the 80/20 assumption. Likewise, the static model of Scenario 3 is less horizontally

equitable that the state gas tax under the 70/30 assumption. Scenario 1 and Scenario 2

are equally horizontally equitable under the static model because the only difference

between the structure of Scenario 1 and Scenario 2 is a scaling factor, which does not

affect revenue percentages. However, under the dynamic model Scenario 2 displays less

horizontal equity than Scenario 1, as rural households pay a higher percentage under

Scenario 2. This observation is largely explained by the fact that larger elasticities are

associated with urban households. Therefore, urban households tend to decrease their

VMT more drastically than rural households when the cost of travel increases (as was

the case for all scenarios), which decreases the amount of revenue generated from urban
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households and subsequently increases the percentage of the total revenue collected from

rural households.

COMPARATIVE REVENUE AND VMT

The vehicle miles traveled by each household type, disaggregated by household
income level and household geographic location, are provided in Tables 65-70. The total
VMT is identical under the state gas tax system and the static VMT fee scenarios
because, by definition, the static models assume no change in VMT due to changes in
the transportation fee. Notice that the dynamic model total VMT values are lower for
the dynamic models of Scenarios 2-4 than for the dynamic model of Scenario 1. This is
because the fees imposed on households to achieve additional revenue desired for

mobility and infrastructure improvements result in a decrease in VMT.

Table 65. State Gas Tax and Static Models’ Annual VMT

Household Income Total VMT for All Total VMT for Total VMT for Rural
Households Urban Households .
Level ($1,000s) ) . Households (miles)
(miles) (miles)

<20 18,831,170,512 14,858,666,451 3,972,504,061

20-40 32,095,312,144 23,443,683,443 8,651,628,700

40-60 29,808,015,562 21,928,785,374 7,879,230,187

60-100 47,387,290,767 33,553,900,976 13,833,389,791

100+ 48,267,233,003 34,255,061,899 14,012,171,104

Total 176,389,021,988 128,040,098,144 48,348,923,844
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Household Income
Level ($1,000s)

Total VMT for All
Households
(miles)

Urban Households

Total VMT for

(miles)

Total VMT for Rural

Households (miles)

<20

18,567,889,623

14,629,844,025

3,938,045,599

20-40

31,801,161,527

23,194,393,559

8,606,767,968

40-60

29,555,407,730

21,717,517,730

7,837,890,000

60-100

46,879,022,290

33,141,360,004

13,737,662,286

100+

47,692,634,464

33,787,269,407

13,905,365,056

Total

174,496,115,634

126,470,384,725

48,025,730,909

Table 67. Dynamic Scenario 2 Annual VMT

Household Income
Level ($1,000s)

Total VMT for All
Households
(miles)

Total VMT for Urban

Households (miles)

Total VMT for Rural
Households (miles)

<20

13,136,792,949

9,952,198,843

3,184,594,106

20-40

25,727,121,625

18,180,853,245

7,546,268,379

40-60

24,286,561,504

17,371,460,682

6,915,100,822

60-100

36,473,852,291

24,803,843,005

11,670,010,286

100+

36,021,121,573

24,412,642,804

11,608,478,769

Total

135,645,449,942

94,720,997,580

40,924,452,362

Table 68. Dynamic Scenario 3 Annual VMT

Household Income
Level ($1,000s)

Total VMT for All
Households
(miles)

Total VMT for Urban

Households (miles)

Total VMT for Rural
Households (miles)

<20

13,586,975,970

10,367,862,758

3,219,113,212

20-40

26,311,963,039

18,729,298,792

7,582,664,247

40-60

24,747,7118,177

17,778,017,986

6,969,700,190

60-100

37,252,383,978

25,483,938,167

11,768,445,810

100+

36,897,620,413

25,166,492,302

11,731,128,111

Total

138,796,661,576

97,525,610,005

41,271,051,572
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Table 69. Dynamic Scenario 4 under 80/20 Assumption Annual VMT

Household Income
Level ($1,000s)

Total VMT for All
Households
(miles)

Total VMT for Urban
Households (miles)

Total VMT for Rural
Households (miles)

<20

12,910,398,406

9,586,436,214

3,323,962,192

20-40

25,524,987,819

17,780,294,024

7,744,693,795

40-60

24,110,035,065

17,021,942,495

7,088,092,570

60-100

36,198,714,049

24,143,184,544

12,055,529,505

100+

35,707,116,387

23,671,526,617

12,035,589,770

Total

134,451,251,726

92,203,383,894

42,247,867,832

Table 70. Dynamic Scenario 4 under 70/30 Assumption Annual VMT

Household Income Total VMT for All Total VMT for Total VMT for Rural
Households Urban Households .
Level ($1,000s) ) . Households (miles)
(miles) (miles)
<20 12,933,768,333 9,628,796,123 3,304,972,210
20-40 25,547,547,530 17,831,211,701 7,716,335,829
40-60 24,130,443,684 17,067,019,460 7,063,424,224
60-100 36,226,508,242 24,224,647,732 12,001,860,510
100+ 35,737,423,257 23,760,817,244 11,976,606,013
Total 134,575,691,046 92,512,492,260 42,063,198,786

The ranking from lowest to highest (1=lowest) of total household VMT for all

households are shown in Table 71. The overall ranking results were the same regardless

of household income level. It could be argued that the scenario that causes the total

household VMT to decrease most drastically is the most detrimental to a particular

household type because it is causing the households to limit their travel, and is therefore

inconveniencing them. However, for the purposes of this analysis this level of equity
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analysis was not considered, but the rankings based on VMT are provided for
comparison purposes (see Table 71).

From Table 71 it is evident that the dynamic model of Scenario 4 causes the
largest decrease in the VMT of all households; with a more drastic decrease in overall
VMT experienced under the 80/20 assumption than the 70/30 assumption. The same
result can be seen when only considering urban households. These identical rankings for
all households and just urban households is not surprising because urban households
make-up a majority of the vehicle-owning population in Texas, which causes the urban
household ranking results to more heavily affect the overall results. Of all the dynamic
models designed to generate additional revenue needed for improvements, Scenario 3
causes the smallest decrease in urban household VMT. For rural households, the
dynamic model of Scenario 2 causes the greatest decrease in VMT, while Scenario 4
under the 80/20 assumption causes the smallest decrease in rural household VMT of all

of the dynamic models designed to generate revenue needed for improvements.

Table 71. Ranking of Lowest to Highest VMT for All Households (1=Lowest)

. . . Dynamic Dynamic
Housgholds State Gas Dynam_lc Dynam_lc Dynam_lc Scenario 4 | Scenario 4
Considered Scenario Scenario Scenario
) . Tax under 80/20 | under 70/30
in Ranking 1 2 3 : .
Assumption | Assumption
All 5 3 4 1 2
Urban 5 3 4 1 2
Rural 5 1 2 4 3
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SUMMARY

Chapter IV has explained the structure of each VMT fee scenario, the anticipated
costs of converting to a VMT fee system in place of the state gas tax, and how
elasticities were obtained for use in calculating the dynamic model results. Tables
displaying comparative results were presented and discussed. Specifically, differences
between Scenarios 2-4 were examined, and analysis into the most beneficial scenario for
each household type was presented. From a quantitative perspective the vertical equity
of each scenario was assessed by calculating the scenario’s Gini Coefficients—which
seem to indicate that all proposed scenarios are essentially just as vertically equitable as
the current state gas tax system. The relative horizontal equity was assessed for each
scenario, under the assumption that Scenario 4 was inherently designed to be
horizontally equitable. Scenario 3 is less horizontally equitable than the current state gas
tax system under the 80/20 assumption for both the static and dynamic models; and

under the 70/30 assumption for the static model.
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CHAPTER YV

CONCLUSIONS AND RECOMMENDATONS

Replacing the gas tax with a VMT fee is under serious consideration as policy-
makers work to establish a transportation fee system that (a) holds motorists more
accountable for their use of the infrastructure and (b) provides the funding required to
keep the transportation system functioning effectively. As with any new idea, there is
the need to examine potential issues with VMT fee scenarios. These include, but are not
limited to, the fee system’s ability to capture needed revenue, the method of fee
collection, privacy concerns in the VMT fee collection process, the anticipated impact
on the environment, and equity impacts. This research utilized 2009 NHTS data to
analyze the equity impacts associated with replacing the Texas state gas tax with a VMT
fee for gasoline-run vehicles. Four different general scenarios were implemented and
the resulting changes in fees for households grouped by both household income level
and household geographic location were estimated. The results were weighted to reflect

all Texas vehicle-owning households for the year 2008.

CONCLUSIONS

No one proposed VMT fee scenario affects all households uniformly. Thus, it is
imperative that VMT fee goals be adequately determined prior to assessing the equity
impacts of proposed VMT fee scenarios. A list of potential VMT fee scenario goals for

policy-makers to use as a starting point in creating their own goals was provided in
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Chapter IV. The following section briefly addresses each of these goals and in the

process highlights some of the pros and cons associated with each VMT fee scenario.

EVALUATION OF POTENTIAL VMT FEE GOALS

Establish Horizontal Equity: As explained in Chapter IV, Scenario 4 was
designed to be inherently horizontally equitable. The VMT fee associated with
each roadway type is reflective of the revenue desired for mobility and
infrastructure improvements either specific to that roadway type or that address a
shared need. Scenario 3, a scenario that favored vehicles with high fuel
efficiency, was found to be the least horizontally equitable.

Establish Vertical Equity: The Gini Coefficient was calculated for each
scenario and compared relative to the current state gas tax to assess whether each
VMT fee scenario was more or less vertically equitable. The similar Gini
Coefficients obtained for each scenario were an indication that all of the VMT
fee scenarios were essentially as equally vertically equitable as the current state
gas tax system.

Familiarize travelers with the VMT fee concept: This goal would likely be
achieved under Scenario 1, because although no additional net revenue would be
generated, it would help motorists become familiar with the VMT fee system.

As motorists become more accepting of the VMT fee system, the potential would
increase for changes in the design of the fee system that would allow for

increased revenue to be addressed.
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Implement a VMT fee collection and monitoring system that is easy to
understand: It is anticipated that with the equipment costs accounted for in this
analysis (GPS for all vehicles currently on the roadway and VMT fee collection
equipment at widespread service stations in Texas), motorists would not need to
exert any additional effort in being charged a VMT fee in place of the state gas
tax. Motorists may be more likely to understand the VMT process if service
station receipts were designed to report the total VMT fee amount charged to
motorists, rather than merely including it in the total cost of gas as presently
done.

Generate additional revenue to address mobility and infrastructure needs:
Though likely not popular, this goal could be achieved under Scenarios 2-4.
Encourage the use of more fuel efficient vehicles: This goal corresponds to the
design of Scenario 3, in which fuel efficient vehicles are rewarded by being
charged a lower per mile rate than vehicles with poor fuel efficiency.

More closely link travel to use of infrastructure: While it is anticipated that
this goal would be achieved under all of the proposed VMT fees, Scenario 4, in
particular, links VMT fees to the type of roadway being traveled on, which in
turn allows the VMT fee revenue to be used in addressing the mobility and
infrastructure needs related to that roadway type.

Make the transition from the current state gas tax system to a VMT fee
timely and affordable: Installation of thin OBUs would be more affordable

than installing thick OBUs in terms of the cost of the OBU unit. In terms of the
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transition to a VMT fee system, a widespread, upfront conversion to the VMT
fee system, rather than a more gradual transition, was assumed in this analysis.
Though costly, this fast conversion approach may make the transportation fee
system less complicated in the long-run because all gasoline-run vehicles would

be under the same system.

RESEARCH LIMITATIONS SUMMARY

Several assumptions were made in performing this analysis. First of all, only
household gasoline-run vehicles were included in the analysis under the assumption that
vehicles dependent on a different source of energy composed only a small percentage of
all household vehicles. Additionally, the breakdown of road-type travel by both urban
households and rural households was based on an educated estimate. Although an effort
was made to obtain rough estimates of the actual disaggregation (by analysis performed
by Mark Ojah), they are merely estimates based off of a small sample population. Data
obtained through the use of readings from more vehicles in more locations may help to
eliminate uncertainty in these assumptions and may even eliminate the need to make any
assumption at all through the use of accurate, up-to-date GPS readings. It was also
assumed that the filtered, weighted data used in this analysis were representative of the
vehicle-owning population of Texas in the year 2008, although only select control totals
were known concretely for the weighted totals of urban vehicle-owning households and
rural vehicle-owning households. In the future it may be possible to obtain more

accurate estimates of the installation costs, operating costs, and leakage costs associated
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with a VMT fee system. It was assumed that the GPS and service station equipment
installed up-front would span the whole 22 years ranging from 2009 to 2030, which

encompass the analysis timeframe.

RECOMMENDATIONS FOR FUTURE RESEARCH

The vehicle data available as part of the 2009 NHTS present an opportunity to
further explore VMT fee scenarios in the future. For example, because the cost of gas is
provided for several of the NHTS vehicles, there is the potential to develop gas price
elasticities that consider the effects of household demographic data ranging from
household respondent race, to household life cycle, to household income level, to
household geographic location. Such an effort would likely be best served by using data
from all states, rather than vehicles specific to Texas, given the broader range of gas
prices listed across the nation than in Texas specifically.

Future studies could also include diesel vehicles—and potentially even vehicles
with other forms of energy such as electricity and natural gas. However, such an
analysis would only include vehicles running on sources of fuel other than gasoline if
they were listed among a household’s vehicles. Thus, some commercial vehicles that are
owned by the household may be included but most large diesel trucks would be excluded
because they are generally not owned on the household level. Additional research could
investigate how travel by Texas households outside of the state of Texas should be
addressed, as well as how non-Texas vehicles traveling on Texas roadways should be

treated.
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Another possible avenue of research could involve tweaking the set 4:3:2 ratios
established in Scenario 3 in an attempt to analyze the equity impacts associated with
different ratios based on vehicle fuel-economy. In terms of Scenario 4, research could
be done to better estimate or track the actual percentage of miles spent on urban
roadways versus rural roadways by urban vehicle-owning households and rural vehicle-
owning households. Alternatively, the VMT fee rate could be indexed based on
household income level (similar to the U.S. income tax system) to reduce the regressive
nature of a transportation fee system.

As advances in technology continue to progress, it will become increasingly
feasible and less costly to implement a VMT fee scenario in place of the current state gas
tax, which could hold motorists more accountable for their use of the infrastructure.
Research into VMT fees and their equity impacts are timely given their recent discussion
on both state and federal levels. The VMT fee scenarios analyzed as part of this research
illustrate the varying equity impacts that can be achieved under different philosophies
governing VMT fee design. Pros and cons are associated with each of the scenarios
included in this analysis. The results of each scenario have been presented in the hope
that they will be used as a tool by elected officials and policy-makers in evaluating the
impact each scenario would have on their constituents as they work to achieve a bright

future for the state of Texas.
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APPENDIX A

2009 NHTS HOUSEHOLD SCREENER INTERVIEW

HATIONAL HOUSEHOLD TRAVEL SURVEY

HOUEEROLD SCRIENER INTERVIEW PAGEA

HATIONAL HOUSEHOLD TRAVEL SURVEY

Talsphona [CATY) Guestionnalre

Al
Helig, this ks {INTERVIEWERS MAME]} and I'm caling for Tie U 5. Depariment of Transporalion. We are
conducing the Kational Housenokd Travel Survey.

SECTION A: TELEPHOME NUMBER SCREENING

[REZIDENTIAL) [BUSINESS)

.“'-I'E}'l:l.l @ member of this housahold Iz this Fll'll:l'E rumber usad far._.

ant at least 18 years cid?

[41_QUEST] [PHOMEUSE]

YES. 1 GOTOBUSMESS  HOmMeUsE, . ...... _ 4 GOTOBINTRO

O .2 GOTDAZ Home and Business Use, o ....... o B0 TOBINTRO
FROBASLE BUSINESS. .3 GOTOBUEMEES  Buslmessuss oniv?...... 6 50 TO THANKI
ANIWERING MACHINE SAMGOTOREADMEE  GOTORESULT e GT @0 TORESULT
RETRY AUTODIALER.. ... ... AT 0 TOAUTODIALER
MORWORKING,

DIECONRECTED, CHAMGED . NWGE0 TOWORK A CASE
GO TORESULT e GT ZOTORESULT

[HOME USE EXCLUDES MOTELS, HOTELS, GROUP QUARTERS SUCH A5 NURSING HOMES,
PRISONS, BARRACKS, CONVENTS, MONASTERIES AND UNITS OF 10 » UNRELATED RODMMATES.|

A2, May piease spaak wiln a househoid member who Is at least 16 yaars old?

[SRAVAIL)
AVAMILABLE ... 1 GOTOAL
NOT AVAILABLE .. 2 GOTORESWLT
THERE ARE NONE . 3 GOTOA3
GOTORESULT . BT GO TORESULT

[HHj MEMBERS INCLUDE PEOPLE WHO THIMK OF THIZ HH &5 THEIR PRIMARY PLACE OF
RESIDEMCE, INCLUDING PERS0ONS WHO STAY IM THE HH BUT ARE TEMPORARILY &WaY ON
BUSINESE, VACATION, OR IN & HOSPITAL. IT DOEE HOT INCLUDE SOMEONE JUST WISITING,
SUCH 45 & COLLEGE STUDENT WHO RORMALLY H&S BEEM LIVING AWAY AT SCHOOL]

3. [IF RESPONDENT IS & CHILD, ASK FOR AN OLDER HOUSEHOLD MEMBER]
[SUNDRAGE)
MO ONE LIVING [N HH 15 18 OR
OLDER. . 1 END&CCDEE
THERE ARE HH MEMBERS 18 OR
OLDER. oo 2 GOTOAZ
GOTORESULT . BT GO TORESULT

- FIMAL — Dagcemiper 2003 -
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD ZCREENSR INTERVIEW PAGE 2

A4 Halle, this is {INTERVIEWER'S KAME} and I'm calling for the U5, Departmant of Transporiziton.

We ae u:n-:lunﬂng the National Housshold Travel ELF'-'E]I'. Are you 3 member of thie nousshold
and a1 least 13 years olo?

[SRELIGZ)
YES
KO ) REPEAT AZ [S3A)
GOTOR . ) 30 T0 RESULT
REFUSED . 7 GOTOREFUSAL NIRF
DO KMOW G0 TO REFUSAL NIRF
A5, I this pRone number usad for_
[PHOMEWSE]
BOME UEE, e 1
Hame and Business Use, or . 2
BUSINESE USE ONYT ... . 3 GOTOTHANKDI
GEOTORESULT oo &7 @OTORESULT
SECTION B: VEHICLE DATA |

BINTRO The purpose of this survey I to understand your iravel, help reduce congestion and Improve
ranspartatizn satshy In JADD-OMAvour ar2a).

our parficipation |s voluniany, and your answers Wil be compleiely confidential.

{[IF ASKED: The survey has been authorlized by Tiie 23, United Stafes Code. The OMB
claaranca number ks 2125-0545 with an explration dats of February 28, 2011.]}

3. Tohelp us undsrstang Tie things that Impact your trawvel cholees, | have a tew quastions about
vour nouseholo. Inchuding voursss, how many peopie Iy In your housshoid? Pleass do not
Inciude anyone who usualy Ives somewhane 2ls2 or |s jJust wisiting, such as a college stugent
away at school
[HHHUMPPL)

C4. Areapy of these people related to 2ach other?

(HHRELATD)
L4 5= 1
KO ... I GO TO THANKDE
REFLISED.... E
DOMT KMOW -8

- FIMAL — Ceepemiber 20089 —
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD SCREENER INTERVIEW PAGE 3

E1.  How many vehicles are oanzd, leass. or avallable for ragular use by ine peopia who cumanlly

Ilve In yor nousenokd™ Please be sure W0 Inclute I'I'D'.‘EI'G}'E}EE-\, I'I'I’EF"E'HE ard Ru's.
[HHMUMVEH)

INCLUDE LEASED OR COMPANY-O'WHED MOTORIZED VEHICLES IF THEY ARE USED BY
HOUSEHOLD MEMEERS ON & REGULAR BASIS]

BZ.
{l nave a ‘ew qLEE‘":IHE abour eath of thees vehldes. Lal's slart with the rewest I."'EHI:E.:' Whal s
g make, modal and year of this vehicka?
EEY HAARE MODEL YEAR IiE
(MAKEALPH) [MAKECODE) {MODLCODE) [VEHYEAR) [VEHTYPE)
o1
o
03
[N
05
thnr 93
[VMATE) What type of verice Is 17

[VEHTYPE}

1. AUTOMOBILECAR/STATION WAGON 4. PICKUP TRUCK

2 VAN [MINL, CARGO, PASSENGER] 5. OTHER TRUCK

3 SPCATS UTILITY VEHICLE E. RV [RECREATICMAL VEHICLE]

[BRONCD, BLAZER. RUMNNER, 7. WMOTORCYCLEMOTORSIKE
PATHFIMDER, JEEP, ETC o7. GTHERT [VEHTYOS)
{SPECIFY)

B4, I have recorded {SCRN.VEHICHT] venicles.

Are hess Jl of ine wehickes ihal are avallabie 1o the peopie that currently e In your

househaoid?

[VEHIYHN)

GO TO C1
RETURN TO MATRIX

- FIMAL — Dapemiber 2004 -—
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PAGE 4

SECTION C: PERSON DATA FOR EACH HOUSEHOLD MEMBER

cl. Mow | hawe 3 few questions about your nome. Do youlveina..

[HOMETYPE)
Single tamily detached Nouse, . ... 1
Single tamily attached houss, ... 2
A bulidng with 2 or maore apanments
orcondos, ar.. . U

A mabdie hame ar traler?
BOAT, B, VN, ETC
DORM ROOM, FRATERNITY OR

SORORTY HOUSE. ...
OTHER [HOMETY 03]
[SPECIFY)
REFUSED ki
DO T RHOW -8

C2. s your home oaned or rented?

1
2
OCCUPIED WITHOUT PAYMENT OF RENT 2
OTHER: [HOMECWOS) .ooooroo oo a7
[SPECIFY)
REFUSED . k)
DOMT KHOW 3
SE1. How many months of the year do you Ive In {Flondaténzona)?
{FL1. &Z1)
KUMSER OF MONTHS ... ... [
JUST MOWVED TO THE STATE ... a3
REFUZED .o . T
DOMT KNOW -8
SE2. Howv long ago did you mowe 1o this home?
(FL2_¥R, FL2_MO, AZ2 YR, AZ2 MO)
NUMBSER OF YEARS ... 11

-— FIMAL — Dcemiber 2008 —
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HOUSERDLD SCREENSR INTERVIEW

PAGE S

SE3a. Whnat I= the mast Imparant reason you choes your curnent hame [osation?

[FL3&, AZ34)

COSTPRICE OF HOME
QUALITY OF HOME
HOME OR. LOT SIZE

SCHOOL 5Y3TEM

KEIGHBORHDOOD GUALITY
CONVEMIENT TO WORK
COMVEMIENT TO BCHOOL ...

B N

CONVEMIENT TO RETAIL
{SHOPPING, ENTERTAINMENT,

RESTAURANTS)

CLOSE TOFRIERDE & FAMILY

CLOSE TO PUBLIC TRANZPORTATION 0
CLOSE TO SCENIC LOCATIONS

(BEACH, LAKE, GOLF COURSES) . 1
OTHER (FL3& 08738 O) ... o7
[SPECIFY]

REFUSED 7
COMT KHOW ]

SE3Db. Were there any oiner Impariant reasans? CODE UP TO 3 THAT APPLY
(FL3BA-12, 37, AZFB1-12, 37 — YE&ND VARIABLES)
|FL3B&R1-3, AZIBART-3 — ARRAY VARIABLES)

COETPRICE OF HOME
QUALITY OF HOME ...
HOME OR. LOT SIZE.

SCHOOL 5YSTEM

MEIGHEORROOD QUALITY
CONVEMIENT TO WORR __
COMVEMIENT TO SCHOOL ...

S TN B g ek

COMVEMIENT TO RETAIL
(GHOPPING, ENTERTAINKMENT,

RESTALURANTS)

CLOSE TOFRIZRDE & FAMILY ... o
CLOSE TO PUBLIC TRANZPOATATION 0
CLOSE TO SCENIC LOCATIONS

(BEACH, LAKE, GOLF COURSES). 1
WO OTHER REASON ... ... 12
OTHER (FL3B_0, 4738 0)... o7
[SPECIFY]

REFUSED .. 7
COMT KHOW ]

- FIMAL — Dacemiber 2008 -—
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HOUEEHOLD ZCRZENZR INTERVIEW

PAGE &

SE4a3. Wnat Is the most Imparant reasan you have stayed In your curment home?

|FLEA, 2Z44)

COSTIPRICE OF HOME ...
JUALITY OF HOME....
HOME OF LOT SIZE
SCHOOL SY3TEM ... ...
NEIGHEORHOOD QUALITY ...
CDOMNNEMIEMT TOWORK ... .
COMNNEMIEMT TOSCHOOL .o
SONNEMIENT TO RETAIL
[SHOPPING, EMTERTAINMENT,
RESTAURAMNTS) .ot i
CLOSE TO FRIZERDSE & FAMILY ... g
CLOSE TO PUBLIC TRAMZPORTATION
CLOSE TO SCENIC LOCATIONS
(BEACH, LAKE, GOLF COURSEE). 11
HAVE ROOTS IN COMMUNITY ... 12
MCAING IS TOD DIFFICULT..ce.o—. 13
.14

B = T Y EART R L

KOVING IS TOO EXPENSIVE ..
OTHER [FLA& O, AZ4A Of . ... a7
[SPECIFY]

REFUSED. . ... K
DT BNOW oo -8

COSTIPRICE OF HOME ... ...
QUALITY OF HOME .. —..ooooeoooe .
HOME OFt LOT SIZE
SCHOOL SYSTEM.....
NEIGHBORHOOD QUALITY ..
COMVENIENT TO WORK __ .
COMVEMIENT TO SCHOOL ...
COMVENIENT TO RETAIL
{SHOPPING, ENTERTAINMENT,
RESTAURAMTE) oo
CLOSE TO FRIENDS & FAMILY
CLOSE TO PUBLIC TRANSPORTATION
CLOSE TO SCENIC LOCATIONS
{BEACH, LAKE, GOLF COURSES) .
HAVE ROOTS IN COMMUNITY ...
MAOMING 15 TOD DIFFICULT.
KAOAING IS TOO EXPENSIVE _
WO OTHER REASCONS ... .
OTHER [FL4B_O, AZ4B_O)......_.
[SPECIFY]
REFUSED. ... ...
DT RNOW oo

-— FIMNAL — Dcemiber 2008 -—

0

SELD. Were there any oiner Imparant reasans? CODE U2 TO 3 THAT APPLY
(FL2B1-135, 37, AZ4B81-15, 37 — YEHND VARIABLES)
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSERDLD SCREENSR INTERVIEW PAGE T

CE.

CA.

Fiease bel me your firs! name, age and gendsr.
[FMAME, R_AGE, R_SEX)

FIRST NAKE:
AGE:

GEMDER: [i=RALE, F=FEMALE]

Are you of Hispanic, Lating, or Spanish origin?
[HH_HISF)

DeOMNT EMOW

I'm going to read @ st of races. {in adaiion i being Hispanic, pleasa/Flesss] 21 me which begt
descibes wour racs. Are ol
|HH_RACE)

TAihite,
Alrican Amencan, Black, .
ABRD, o 3
Amarican Indlan, Alaskan Mathe, ... 4
Watlve Hawatan, or other Paciic

Bland=r? .. ... ... 5
MULTIRACIAL ...
HISPANICMEXICAN.
OTHER (HH_RACOS)
[SPECIFY]

Fiease tel me the first nams and g2 of sveryane Iying In the housenoll

(N3 b5 [FHAMEAGESEX OF MEXT HHMYS relstionsnip to [youFKAMERZESER OF 19
SCREENER REZPONDENTYY]

[iAre Youns [FRAMEIRGESEN) 3 oriverT}

{

- FIMAL — December 2008 -—
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSERDLD SCREENER INTERVIEW PAGE &

{Hava youHas FHAMEAGESEX]) ever basn 3 orvar?]

[EMTER AGE 4% 0 FOR EVERYONE UNDER ONE YEAR ]
[1=YES, 2=h0]
[FMAME)  (F_AGE) [R_SEX) (SCRESP) |R_RELAT)  |DRVR) [EVERDROV)
FIRST M&ME  AGE  WMF  XBYSCRZENSR  RSLATIONSHIPTD  ORNWER  EVER
RESPOMDENT  REFSREMCE PERSON

01
o2
03
1]
5]
thns 93
1. REFERENCE PERSON 5. BROTHERIEISTER
2. BPOUSE &. OTHER RELATIVE
3. CHILD 7. UNMARRIED PARTHER
4. PARENT 8. NOM-RELATIVE

C3. | have recorded {SCRAM,SELCTCNT] {paopleipersen). Have we missed anyone sise who usually
Ilves thare bus ks iemporarily away on business, vacation, or in the hospital?
[C9_QUEST)

NUMSER OF HOUSERDLD MEMSERS IM
WATRIX CORRECT .o 1
RETURM TO MATRIX i SKIP TO MATRIX

GO TORESUAT oo GT GO TORSSULT
CI0.  Going back ta the ages of the mambers of your housenakd, s FNAMEAGEISEX] 16 years or
cloer?
[AGERANGE)
YES {13 OR OLDER). . 1 GOTOBOXBSEFORECa
WO (UNDER 18)._.. -
RESSED.. . 7 GOTOBOXSEFORECE
COMTRNOW .. £ G0 TOBOX SEFORE Ca
SCI0a. |5 (FHAMEAGE/SEX) between S and 15 years oid?
(AGESPLUS)
YES (516 YEARS OLD)
e JO
REFUSED...
DOMT KNOW
Ca. (Do yowDoes FNAMEIAGE/SEX] have a job?
FWRKR]
WES oo 1
WO 2
REFLISED... L
DONTKNOW ... ]

-— FIMAL — Decemier 2008 —
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEROLD SCRZENSR INTERVIEW PAGE 2

M7.  WWhat Is the highest grade or year of schoal {you Nave/FNAMETAGE/SEX has | completad?
[EQUC)

LESS THAM HIGH SCHOOL GRADUATE
HIGH SCHOOL GRADUATE, INCLUDING GED

WOCATIONAL, SUSINESS OR TRADE SCHOCOL) .
BACHELOR'S DEGREE (FOR EXAMPLE, BA, AB, ES) ...
GRADUATE OR PROFESSIONAL SCHOOL DEGREE [FOR EXAN

C12. [Mow, about the household vehicie)s) you toid me aboul earller.] who drives e {VEHYEAR,
WAKECODE, AND MODLCODE]} most of the tima?
[WHOMAIN)

[IF KO MAIM DRIVER, ENTER 29]

L1
WO kAN DRVER £
REFUSED 7
DONT KNOW -8

C13. Ehouid {FHAME/AGEEEX]) Nave besn recoried as a driver?

[C13_DRVR)
YES 1
NO_..... 2
REFLIZED. k|
DOMNT KNOW -8

C22b. Does the (WVEHYEAR, MAKECODE, AND MODLICDE] have 3 commerclal Icenss plaa?

[VEHCOMM)
[IF MEEDELr Commercial liense plates are abtained ¥ you registered your vehlde 35 3 business
vehicie)
3= 1
T 2
REFUZED oo 3
DOMT KNOW -8

- FIMAL — Decemiber 2008 -—



HATIONAL HOUSEHDLD TRAVEL SURVEY
HOUEEROLD ZCREENSR INTERVIEW PAGE 10

C23c. 51t 3 hybrd or albemative fusl use venlde?

[HYERID)

[EXAMPLES OF ALTERNATIVE FUELS INCLUDE:
ETHANCL, BICTIESEL, NATURAL GAS, FROPANE, HYDROGEN]

= 1

NO. . 2

REFUSED ..o 7

DOMT KNOW -2

C15. How many home telephane numbers doss your househald have In addiion o (EASE.BASEAREA,

C1E.

C17.

BASE.BASEEXCH, SASE SASELCCLYT
[OTHRPHOMN)

NUMSER OF ADDITIONAL HOME TELEPHOMNE
MUMBERS . e, 1 1
REFUSED.... ]
DO T KNI e, -8

How mary of thees [OTHRPHOM} ielephone numbers exciuding celular phones are used
exciusivaly for business, Tax or compuisr modens?
(RONVDICE)

WUMSER OF TELEPHOMNE

HUMEERE . | || GOTOBOXKESFOREDT
REFUSED.... T GO TO BOX SEF0ORE D1
DO T KMOW ..o, -8 G0 TOD BOX SEFCRE D1

I= thak '.-ElEF‘ﬂ{!FE nurnoer used E:lll:iI]Eh'El_'g' for business, fax or I}EITFUIE' magdem?
[MONVIDX1)

SECTION D. DIARY REGUEST

o1,

Iinderstanding {wour fraveldravel by wou and each mamber of your housenakd} |5 very Important for
Imgrowing TransportaTon Inyour area. We would [lee %0 send {youseach of you) 3 diany for you io
recor your travel for Jusl one day {TRODATE]. The dlary packst we mall you wil Include & smal
manetary Incentive, Information abaut T study, and your trip [diaryidlanes].

(D1_QUEST)
COMTINUE . 1 GDTODd
RESPOMDENT UNSURE ABOUT PARTICIPATION ... ... 2

- FINAL — Depemiper 2008 —
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHCOLD 2CREENSA INTERVIEW PAGE 11

Oz

DE.

This study Is wital to reducing congestion and improving transportation safety. We want o make
zire al your househald ks represenizd In s Imponant survey. Mo ore ek can subetitulz Tor
yOU. WAl §ou help the Department of Transpartation by particpaling In his nasonal survey?
|D2_GUEET)

AGREE TO PARTICIPATE ... . 1

In order to mall the {dianydiaries] to you, | need o verly that your address Is...
[MAILADDR, MAILAPT, MAILCITY, MAILSTAT, MAILZIR)

STREEST ADDRESS APT &

CITYTOWM STATE ZIF CODE

DOMT KRMOW....

In order to mall the {dlanddiaries) to vou, could you please 2l me your malling ad0r2se7
(MEAILADDR, MAILAPT, MAILCITY, MAILSTAT, MAILZIF)

STREET ADDRESS APT &

CITY IO STATE ZIP CODE

DOMT EMNOW....

I This yaur home 300r2ss7?
(HOME)

2 GOTOD3
-7 GOTOLO3
-3 GOToO3

STREET ADDRESE:
APARTMENT MUMEER:
CITY:

STATE:

AP CODE:

RECORD IF THE STREET ADDRESS DISPLAYED IS A:
(D7_GUEST)

MORMAL STREET ADDRESS [MOT A

PO 50X, RURAL ROUTERR,

RURAL CELNVERY/RD, ORRFD]. ... ... 1
POBOX, RR, RD, ORRFD...coe e 2

- FIMAL — Dezemiper 20088 —



154

HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD SCREENSR INTERVIEW PAGE 12

DAa.

D3

Db

To wham shauld we address the envelope?
(MAILFHAM, MAILLHAN)

FIRST KAME LAST NAME

Travel pattems are affect=d by whene peopla choose (o ive. It |5 Important that we gt &t l=ast a
general location of your housanoid. [Would vou pleass give me e name of hie sireel or oad you
ive o7}

|HHRDA)

[IF REEDED: Traneporiation planmers uese data from this survey to aseese current travel
pattarna and anticlpats new ones. Thess pattarns are affectsd by whare peopls chooss to
ive]

FIRST CROGEE ROAD
{And wnat Is the name of the nearast Intersecting strest or road ™}

|HHRDZ)
SECOND CROSE ROAD

FEFUSED oo T

DO T RO e -8

What I the ZIP Coda for where your home |5 located?
[HHZIP)

[IF KEEDED: Traneportailon plarmers use data from this survey to azsess curment travel
jpattarns and anticlpats new ones. Thees pattarne are affectsd by whars peopls chooss to
Ve

-8
In what barough or county do you [a?

[COUNTY)

7. OTHER, [ZPECITY [CNTYNYOS)

REFLSED T
DONT KMOW -8

- FIMAL — December 2008 —
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HATIOMNAL HOUSEHOLD TRAVEL SURVEY
HOUEEROLD SCREENSR INTERVIEW PAGE 13

Di1.

We will mal the {dlaryidiaries} to you In a few days and wil call you agaln on {REM1DATE], to
make sure you have recelved vour {dangdanas} and answer any questons.

Then we will cal 1o 35k about wour travel on {SEGCDATER. Whal would b2 3 good Ime 1o neach
wou?

DATE:
[AACALLIAM) (HACALLDD)  (FHACALLYY)
MONTH DAY YEAR
TIME:
[AACALLER) [HACELLMN]  (FACALLAR)
HOUR MINUTES AN

D1Z. When we cal back o allect wour {||E[}' Infarmatian, we Wil not &=k o EFE\EIH} amyone under 16
Vears o, but wea would llke to 36k about their travel. Who would be the besl DETEDN 00 g'.IE by [
infarmation about them?

[WHOPROXY)
1

D13, Thank you wor EFEHI'!} I S3ke pan n ﬂ'lE-lﬂ'p{lEil'[ nabional fravel EILU}'EPEFEJTECI Ej' (i3]
:EFI-HFJ'HEFI'. EfTI?FE-FIJF.EﬂEF. {HE&&E 1l the omher I'I'E'I'IE‘E'E-IZI""CILT hiousehoid now |I'I'|IIF.EI1|I
melr participation 15} W kook forward to talking with you again.

TERMIMATIONS:

READMIE [PLEASE READ THE FOLLOWING MESSAGE INTO THE ANSWERING MACHINE.]

This Is {MTERVIEWER'E MANE] calling fior the Malional Household Traeel Survey that ks being
conducied by e L3, Depanmen of Transporiation. We would s 1o falk 1-Er}'l:l.l akeout your
housenold's ravel. Your parilepation |5 exremsly Important to the success of Tils suney. We wll
Ty o reach you 3gan in the next f2w davs.

THAMKO1  Thank you, but we are anly interviswing in private residences.

THARKE 02 TRanK you very much. Those are all the guesiions that | have at this ime.

-— FINAL — Decemiper 2008 -—
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2009 NHTS EXTENDED INTERVIEW

MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTEMDED INTERVIEW

PAGE 1

NATIONAL HOUSEHOLD TRAVEL SURNVEY
Talsphona [CATI) Guestionnalre

EXTENDED INTERVIEW

| SECTION E: TRAVEL TO WOREK

IMTROZ. Helo, may | please speak to {SUBJECTAWHOPROXY (WHOPROXY |3 THE PROXY FOR

SUBJECTIAGE/SER)?

[Hedlo, this ks INTERVIEWER'S MAME} and | am caling for the LS. Department of
Transporation. We recently spoke with {SCRESP) about the Mational Housshold Traved

Sureey. WeTe calling back now to compizie T2 Intervew.

SUBJECT SPEAXING/COMING TO THE PHOKE.. .
SUBJECT LIVES HERE, MEEDS APPOINTMENT.
SUBJECT KNOWHN, LIVES AT ANOTHER KUMEER.
MEVER HEARD OF SUBJECT oo
TELEPHOME COMPARY RECORIING ...
AMNIWIRING MACHINE
RETRY ALTODIALER .

BT
o

RESTARTZ. Helio, may | please speak o {SUSJECTWHOPROXY)?

Thiz 6 {INTERVIEWER'S MAKE] and | am caling back for the U3, O

GOTOET
APPT SCREENS
RECORDM1
CHECHNG
RECORD

__AM G0 TO READMSG

G0 TO AUTOOIAL
GO TO RESULT

epariment of Transporiation.

W TeCently spoke wiin {yoWSCRESR) about the National Housenold Travel Survey. WeTe calling

back now bo complete the Inbanidew.

SUBJECT AVAILABLEACOMING TO PHOME ...
SUBJECT LIVES HERE - NEEDS APPOINTMENT. . 2
FUBJECT KNOWHN LIVES AT ANCTHER MUMBER. .. 3
MEVER HEARD OF SUBJECT oo
TELEPHOMNE COMPARY RECORIING ..
ANIWERING MACHIME

RETRY DIALING . BT
GO T RESULT .o GT
E1l. [CU ARE IM {SUBJECT S KAMEMRGE'SEXYS CASE]
[PRIOXY)
SUBJECT e 1
L 2

—- FINAL VERSION - DECEMSER 20049 —-
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MATIONAL ROUSESCOLD TRAVEL SURVEY
EXTEMOED INTERVIEW PAGEE 2

EZ.

A couple of weeks ago we spoke wilh JyoWSCRESS) abowt the Maional Housshald Travel

Surdey. We ent you & dlary 1 record your bravel on {TROCATE]. d ke to collect {youn'SUSJECT'S)
Infiarmmation now.

LCA1.

LCAZ.

Lets siart with some genaral questions about {yow SUBJECT)
[IF MEECIED: Al of your answers wil b kept configential; your paricipation |s valuntary]
In this past wesk, how many fmes did fyowSUBJECT] take 3 walk cuisids Includng walkng e
ﬂ}g and walks “or exerclke?
[(HWALKTRS)
WALKS DUTSIDE IM FAST WEEK......... 1

REFUEED . )
DONT KMOV

Ard In the past week, how much w0lal fme old {you'SUBJSCT] spand waling?
[CAT_HF C&1_MIM)

Ir the past week, now many tmes di [youwSUBIECT) ride 3 blovde ouigide Induding bizyoing
Tor ExarClge?

[HEIKETRF)
BIKE RIDES oo Ll
REFLSED T
DORT KNOW B

Ard In the past weak, how much tolal Bme gid {yowWSUBJECT) spend Biking?
[CAZ_HR, CAT MIMN)

HOURS .. L
MIMUTES oo

REFLUEED
DONT EMOW

—- FINAL VERSICHN - DCECEMSER 2009 —-



MATIONAL HOUSEHCLD TRAVEL SURVEY

EXTEMDED INTERVIEW PAGE 3
LICA3 Ware 2zy of these bdie rdes {youwSUBTECT} ok...
YES  HNO REF DK
a.  Oniheway foor from wark? [LEAT_&) 1 2 -7 3
b Omihe way toor from puic Tansponation? [LCAS_B) 1 2 -7 -3
C.  Sscorting chlidren to or from school? [LCAS C) 1 2 -7 -3
d. Rurning emands or snopping? (LCAI_DY 1 2 -7 -3
e Foresenclse? (LCAT_E) 1 2 -7 -3
. Toexerdse ihe dog?® [LCAT_F) 1 2 -7 3
0. Forany olher reasane? [SPECIFY]: (LCAI_G) 1 2 -7 -3

[LCA3_OTH)

LCA4. Mow d lke you to think abow ihings tiat may kesp you from deing more biking. Pizase =1 me I
any of the falowing kesp (yowSUBIECT] fom doing maore biking? Would you £3y IS because....

YES

HO

mpAan T oW

= wr

P e P23

You'rs oo busy? |BIKE_&)
ou have poor neaEn? |EIKE_E)

"ou hava na one o blkz with? [BIKE_C)

There are no nearby gains or rals? (BIKE_D)

There arz not enaugh bk or whle cub lanzs? [BIKE_E)

Thare ars no sklgwalis or e sloewalks are In poor condiion
(BIKE_F)

Strest croEsings are unsale? (BIKE_G)

There ar2 no shops or ather Inierssiing placses to ga?
|EIKE_H)

Thare ara not Enaugn peaple arouna? [BIKE_)
ou tear stest cime? (BIKE_J)

Thane are loa many cars? (BIKE_K)

o fast rafic” [BIKE_L)

o alr polition [SIKE_M)

¥ou have o many things to camy? (BIKE_N)
ou have small children along? (BIKE_O)
Thare ks nat enougn light at rigt? (BIKE_P)

—- FiM#L VERSICN - DECEMSER 2004 —-
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MATIONAL HOUSESOLD TRAVEL SURWVEY
EXTENDED INTERVIEW

PAGE 4

LCAS

{TouSUBIECT} mentioned thet you walked cutside in the past week. Ware 2azy of
tease walks {yeu SUBIECT) toak ..

¥ES WO REF DK
A Towak o exercise the oog7 (LCAS_&) 1 2 7 4
b, Onihe way toor from wark? [LCAS_B) 1 z 7 3
¢ Onihe way to or from puiic rarsporiation” [LCAS C) 1 2 7 3
d.  Escorting chiidren fo ar from schoal? [LCAS D) 1 z 7 ]
g Running amands of shopping? (LCAS_E) 1 2 7 4
{  Foreserclse? (LCAS_F) 1 z 7 3
0. Forany other reasons? [SPECIFY]: [LCAS_G) 1 2 7 3

[LCAS_OTH)

LCAG. Mow Il lke you to think about fhings Mak may kesp you fram deing more walking. Please tel me I

any of the folowing kesp fyow'SUBJECT] from daing more walking? Wauld you 53y If's DECAUSS. .

¥EE WD REF DK
A YourstnobusyT [WALK_A) 1 2 7 4
b.  You have poor heain? (WALK_B) 1 2 7 3
. You have no ona to walk wih? (WALK_C) 1 2 7 3
d There are no nearby pats of frals? (WALK_D) 1 2 7 3
e There are no nearby parks? (WALK_E) 1 2 7 3
f  Thame are no sidewalks or the Sioewalks S7E In poor condiian® 1 2 7 4
[WALK_F)
g Streel crossings are unsale? (WALK_G) 1 2 7 3
h.  There ars no shops or olher Intsresting places 1o go’? 2 -7 -3
[WALK_H)

. There are not enough peaple walking around? (WALK_I) 1 2 7 3
| Youtearsirast crime? (WALK_J) 1 2 7 3
k. There are too many cars? [WALK_K) 1 2 7 3
I OffasttraMcT [WALK_L) 1 2 7 3
M. O 3l palutionT (WALK_M) 1 2 7 4
N Streels are oo wide? (WALK_N) 1 2 7 3
0. Youhave things to camy? (WALK_O) 1 2 7 3
p.  Youhave smal chilgren along? (WALK_P) 1 2 7 3
g There ks not encugn light at rignt? (WALK_@)

—- FIM&L VERSICN - CECEMSER 2009 —
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MATIORAL HOUSEHCLD TRAVEL SURVEY
EXTENDED INTERVIEW PAGE 5

EWAG. Thinking aboul wour area, please (el me If you agree or dsagres with e folowing statements
a0uT walking and lng.

160

[EvAga-Evacd)
AGREE __ DISAGREE REF DK
3. Improving bicycke and walking faclities i a good Invesiment 1 2 T8
b. | wouid walk more H skiewalks were bether 1 2 7 &
c. Improving bicyck and walking fachlties Is important to help reduce 1 2 T &
tramc corgestion
g, | wouid blke mare ¥ the blke facliSes were bettar 1 2 i

E3. Dourireg meas? of I3st wesk, {were you'waes SUBJECT]..

[PRMACT)
o T 1 30TOBOXBEFORE Ea
tempararlly absent from 3 Job or business,. 2 GO TO BOX BEFORE Ea
g Tor War, .

DONTKMOW ..o 3
Ed.  Lastwesk, dd {yowSUSISCT do any work for eliner pay or praft?

[PAYPROF)
- S 1
D 2
REFUSED.. T
DONTKMOW oo -8

Ea.  {Are youlls SUBJECT] sal-employed?

{SELF_EMF)
- T 1
ND. 2
REFUSED . 7
DONTKNOW ..o -8

ES. (D¢ youDoss SUBJECT} work.. [ full tima ob Iz at laast 35 hours par week.]

WKFTFT}
ful-time, or.. 1
par-meT ... 32
MULTIZLE JCBS 2
REFUSED ... 7
DONTKNOW oo -8

—- FiNAL VERSION - DECEMBSER 20049 —-
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MATIONAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERVIEW PAGEE

E6. (Do yowDoes {SUBJECT]} have more than ane job?
(ET1JBLWK)
[F NEEDED: We mean maore than one employer, not |ust mullipie job sites ]

ET.  |amgaing to rad {somatour} catagorizs of oooupalons. Fleass k=il me whkeh one
[¥OUFSLISJECT'S} {primary} job falls under.
[JOBCATES - JOBCATAT)

SAREOrEEMICE, e .1
Clerical or administrative support,
f-.“EI'LI'l'BI:D.I'lI'Ig. canstruction, malnbenancs,

O PRI, B 3
Professional, managerial, of fechnicai™ ...
(o = a7
[SPECIFY)

[JOBCETOS)
REFLSED
DONT KNOW

ET. Sales or Marketing, ...
Clencal, Administrative, or Ratal,
Production, Consinsctian, Farming, or Transport,
Profassional, Managarial, or Teshnical ...
Parsonal Care and Senices, or.. -
Zome other fype of empioyment? ...

[SPECIFY)

[JOBCATOR)
REFUSED oo : 7
DONT KMOW oo 8

(TSI T I L

=l

E12.  Whatls tha name of {yourSUBJECT'S} {employericompany] 7
[EMPLOYER)

[IF MEEDED: W ara not golng to contact {yowSUBJECT) thers. Transporiabion planners
are Interastad In workplacs location bacauss travel to work offen afects ofher dally traval]

MAME OF EMPLOYER

REFLEED .
DONT KOV

—- FMAL WVERSION - CECEMSER 2009 —
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MATIONAL HOUSEHCLD TRAVEL ZURVEY
EXTENDED INTERWIEW PAGET

E10.  Whatls the sirest adoress of {your'SUBJECT S} {primary} workplace?
[WISTHUM, WKSTHAME, WKCITY,]  WORKSTAT WORKZIP

[IF HEEDED: Wa are nod going te contact you fhers.  Transporation planners are
Intaragted In workplace location becauss travedl to work often amects othar dally travel]

STREET NUMBER STREET KAME
CITY STATE ZIF CODE
REFUEED -7
DONT BRI -3

E11.  {We would ke to know the approximale locafion of [younSUBJECT'S) {ormary]} workplace.
Whal |s tha name of the sirast or road nearsst {vour SUSIECT'S] {primany} workplace 7

{I harva reconded hat vour [primarny} workplacs ks an...
(WHROAD)

[NKSTHAME)
FIRST ROAD:

{¥hat ks the name of the nearest Infersecing sireet ar road?}
WIKROADT)

SECOND ROAD:

REFUEED -7
DONT BRI -3

E12  Would you please provide a lanomar that |5 close o ivourhlsher) {prmarny} warkplaca? This
could be 3 wel-known buldng, pank, monument, or schaal.
[WHLDIMRH1-3)

[IF HEEDED: Tranaportation planners are Intaresiad In workplace location becauss fraval
b work oftan affects other dally travel ]

MAME OF A LARDMARE
REFUEED .. -7
DONT BMOW e -3

—- FINAL WVERSION - DECEMSER 20049 —-



MATIORAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERVIEW

PaEES

El4.

E15

E16.

What |5 the one-way distancs fam {yourSUBJECT'S) home t2 {yourhisher {pimany}

worpace?

[DESTTOW®, DISTUNIT)

[IF LESS THAN 1 BLOCE, ENTER O BLOCKS. IF LESS THAN 1 MILE ENTER A% BLOCKS ]
[¥= MILE =2 BLOCKS
*:MILE =5 BLOCKS
% MILE =T BLOCHKS]

MUMBER.

1= BLOCKE
2= MILES

REFUEED
DONT KMOW

Haw many minusas od It usually t3ke {yowWSUBJECT] to gat rom home bo work 135t weei?

[TIMET O}

MINUTES o | L
DID KOT WORK I USUAL

WORKPLACE LASTWEEK ..o 958 GOTOBOXEEFOREES
DID KOT WORK LAST WEER 888 GOTOBOXBEFDREES
REFUSED .

DONT KM

-7

Haow di {youSUBJECT] usualily pet o work |35t week™

[WRKTRANS)

[IF NEEDED: That |5, the one usad for most of tha distance?)

PERSONAL WVEHICLES
CAR

LIGHT ELECTRIC VEHICLE [ GOLF CART)

EUS TRAVEL

LOCAL PUBLIC TRANSIT

COMMUTER BUE....

SCHOOLBUS... ...

CHARTERTOURBUS ...
CITY TO CITY (GREYHOUND/PETERPAN)
SHUTTLE BAUS (SUCH AS A SEMIOR

OR AIRPOAT SHUTTLE] ..o

—- FiMAL VERSICN - CECEMSER 2009 -

el e B k) —

el

it
11
12
12

14

163



MATIONAL ROUSEHOLD TRAVEL SURVEY

EXTENDED INTERVIEW PAGE D
TRAIN TRAVEL
AMTRAKINTER CITY oo 15
COMIMUTER TRAIN. 16
SUSWAYIELEVATED. . . 17
STREST CARTAOULEY .o 18
OTHER
19
20
AIRPLAMNE 2
BICYCLE. »
VALK oo )
SPECIAL TRAMSIT FOR PEORLE WITH
DISABILITIES [DLAL-A-RIDE] 2
OTHERT oo o7
|SPECIFY)
[WRKTRNOS)
7
DONT KNOW. . -3

IF QUT OF RANGE. MEPLAY
“| hawe recorded thet JyowSUBJECT} usually {getigets} fo work by DWRKTRANS).
[Your'HisiHar} workplace s [DISTTOWEK, DISTUMIT} from home snd It fskas
{yowSUBJECT}H{TIMETOWEK] fo pat towork. s that comect?”
[FSETCHE)

YES. .1 GOTOES

IF MO, DISPLAY “Okay, plaass et me varily that Informaktion.

E13.  Howmany people, Including [yourssiSUSIECT), usually rods In s venide last wesk?

(CARRODE)
[VF 5 DID HOT WORK LAST WEEK ENTER 53
MUMBER OF PEQPLE ... N
REFUSED ...
DONT KMOW
EVAL. (Do youDoes SUBJECT} usually park {yourmiser} vehizie more than ane block from Jyourhsin
woripliace?
[EVAT)
GOTOED
.. GO TOED
DONT EMOW oo 4 GOTOED

—- FIM&L VERSICHN - CECEMSER 2008 —-
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MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTEMDED INTERVIEW

PACE 10

EVAZ How many mnules doss & take [yow/SUBJECT] to walk from where {you parkheishe parks} to

{youritheir} workpiace?
[EWAZ)
MUMBER OF MINUTES L
15 = A — 7
DONT KMNOW oo 3
=3

Eb.

For publc ransit (ke a bus, the sulbway, or 3 irsin 10 be 3 good aption Tor

{yourFNARNERGE SN s} commute, which of the Tolkowing would b2 most Impartant ta you?

Vould you
FLS, A25)

For pubic Tansit k2 3 Dus, the SUWaY, or 3 aln 10 be 3 good apdon Tor tha inps {you

say tha I's...
A Closs fowork and home, ... .. ... 1
b. FaBtEr than oiing, .. ..o 2
. Reasonabie b cogt ... 3
d :ﬂﬂElE’.-Ef‘ﬂ]l'l:ﬂﬂl'l'E.-ﬂr... - 4
&, Fits your scheguie. ... ... -
REFUSED ... T
DM T KMOW oo -8

make FRAMEIAGESEX makes) mos: fraquently, which of the Soliowing would be most important
to wou? Would you 53y at s,

[FLE. 227E)

What time {do yourtoss SIUBJECT) uBLEly armve 3t work?
[WRKHR, WRKMIN, WRKAMPM — DERIVE WRKTIME 4% HR-MIMAMNPM)

A Cloesfoworkand home, ... 1
b. Faster than drineg, ... 2
C. Reasonas Ineosk. ... — 3
d. CanslsiEnty an time, or... .. 4
& Fils wour sChedlle. .. 3
REFLEED ... -7
DONT RO e -8

TIME OF DAY oo _
1 =AM
2 =P
REFUSED . . . o 7
DONT KMNOW oo 3
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MATIORAL HOUSEACLD TRAVEL SURVEY
EXTEMDED INTERVIEW PACE 11

EVA3. Which of the foloaing best describes [younSUBJECT'S] cument work schedule on 3 weeidly
basis? Would you s3y...
[EVAZ)

a. {l woriEUBJECT works} the same schedule
o L 1
b {1 oen work!SUSSECT often works} a differsn

scheduie Trom week foweek, or ... 2
c. {My'SUBJECT 5]} work schedule Changss oncs

nawhlie?. ... 3
REFUSED -T
DHONT BROW e -8

[FLEXTIME)

DONTKMOW ... 3

Ed.  {DoyouDoes SUBJECT] have the ootlor of working at home hstead of galng inte your primary
woripiacs?
[WHRMHM)

— 2 GOTDBOXBEFDRE F1
= EOTO BOK BEFOREF1
.- GOTO BOX BEFORE F1

E20.  How many times In the 151 manth oid {yourSUBJECT} work anly &t hame Tor an endre work day
Inglead of travaling to your usual [primany workplace™
[WHFRHNGOK)

TIMES e N
REFLUSED N
DONT KMOW ... ... ...
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MATIONAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERVIEW PAGE 12

SECTION F - TRAVEL TO 8CHOOL |

F1.

FZ

Fa.

F4.

The Cepartmant of Transpartation and your kcal community are interzsted In proviing safe routes
%o schoal. My next questiors wil nizlp Igenitty ksuse that children might face whilg raveling o
schaal,

{Doss FNAMEIAGESEN Do you} attend a publc or private schaol?

(SCHTYPE)
PUBILIC oo 1
PRIVATE.... ... 2
HOME SCHOOLED ... -2 GOTODSTHANK
RO 1M SCHOOL oo 4  GOTOSTHANK
REFUSED .o 3
DOMT KNOW ..o -5
What I the name of the schoal FNAME/AGESEX atlendsiyou attend)?
|SCHHAME)
[SCHOOL HAME]
REFUSED oo 3
DOMT KNOW ..o B
JIF MEEDELD: ¥nowing the name of your child's schocl will help |genttly Issues that chilaren might
face raveling w0 schodl]
Haw far {does FRAMEAGESEN o you] llve from school™ Would you say.
{DISTTOSC)
Less ihan S mbe, ..o 1
Batwasn a ¥ 00 amike, - 2
15 mile to 1 mie, ... _ 3
imiieto 2 miles, ar . _ 4
Mare than 2 miles from schoal?. -
REFUSED e . T
DONTKMOW oo .
On mast schoal days. {does FNAMEIAGE/SEX/do you) go to before or afler-schaol care outside

the home?
[8CHCARE)

BEFORE. e .1
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MATIONAL HOUSEACLD TRAVEL SURVEY
EXTEMDED IMTERWIEW

PACE 13

F5.

FE.

On most school davs, now {does FRANERGESEXN/ID you} usualy get fo schaal?

[SCHTRMI)
PEREOMAL VEHICLES

LIGHT ELECTRIC WVEHICLE { GOLF CART)
EUS TRAVEL

LOCAL PUBLIC TRANSIT e

COMMUTER BUE...... .

SCHOOL BUS.... ..

CHARTERMOURBUS ..

Oy TO CITY {GREYHOUNDFETERFAN)

SHUTTLE BUS [SUCH AS A SEMIOR

OR AIRPORT EHUTTLE)..c e

TRAIN TRAVEL

AMTRAKINTER CITY e

COMMUTER TRAIM. e

SUSWAYIELEVATED ..

STREET CARTROLLEY ... .
OTHER

AIRPLAME
BICYCLE...
WALK ...
SPECIAL TRANSIT FOR PEOPLE WITH

CHEABILTIES [DIAL-A-RIDE} ..o
OTHER .
[SPECIFY]

[SCHTRNIO)

How many people {does FHAMERGESEN 00 you) usualy [walkibike) to scnool win?

[TOSCSIZE)
KUMSER 1
REFUZED ..o I
DOMTKNOW ..o -8
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MATIONAL HOUSEHCOLD TRAVEL SURVEY
EXTEMDED IMTERWIEW

PACE 14

F7. O mast school days, how {doas FMAMEAGESENda you) usually leave school?

[SCHTRAMZ)

PERSOMAL VEHICLES
CARL.
WAM..

PICKLUR TRUWCEK.
OTHER TRUCK ..

MOTORE

LIGHT ELECTRIC VEHICLE (GOLF CART)

EUS TRAVEL

LCAL PUBLIC TRANSIT e

COMMUTER BUE.
SCHOCL BUS.... .

CHARTERITOURBUS ... ...
CITY TO CITY [GREYHOUNDPETERFAN)

SHUTTLE BUS (3LICH A3 A SENIOR

ORLAIRPORT SHUTTLE) .. ...

TR&IN TRAVEL

AMTRAKINTER CITY e

COMMUTER TRAIM ..
SUSWAYIELEVATED ..

STREET CARITRCLLEY . ...

OTHER

SPECIAL TRANSIT FOR PEOPLE WITH
CHEABILUTIES (DIAL-A-RIDE] ...

OTHER ..«

[SPECIFY)

[SCHTRNZO)

[SERE IS I R CT Y T

5

i
1
12
12

14
13
1E
17
1E

1]
20
21
2
23

24

=

-7
-5

FE.  How many people {does FNAMEAGE/SER 0 you) usualy [wallk/bike] from school win?

[FMSCEIZE)

N UMEER 1

—- FIMAL WVEREION - DECEMSER 2009 —-
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MATIONAL HOUSERCOLD TRAVEL SURVEY
EXTENDED INTERWIEW PAGE 15

FE.

FilL

Fil.

How long does It nomally take {FRAMEIAGEISEXyou] o get to sehool?

(TIMETDSC)
MIMUTES oo L
REFUSED oo 7
DOKT KMOW 8

At what grade jwould you aliow FHAMERGESSXHD you alow FRAMEAGE/SEXwoud you
be aliowediwere you alowed) 1o walk or blke to or from schodl withaut an adult?
{SRADE)

[ENTER [ FOR KINDERGASTEN]

On a scale of 150 5, where 1 means “not an Issue” and 5 Means "3 Serkous Issue” , please el me
hiové much each of the following affects your decision o alow {FRAMERGE!SER] 1o walk or bike
tovar from schoal. On a skale of 1 o5, how much of an Issue |s...

ALTTLE SOMEWHAT YERY A
ST AN BT OF A OF AN WLICH AN EERIOUS
IEEIIE ISEUE SEUUE IHELE ISELE AF DO

a. ihe distance bebween home angd
gchoal? Woukd you say 75 notan
Is5UE, 3 Tk bit of an lssue,
somawnat of an kssus, very mush
an lssuz, or @ serous iEsue?

{SCHDIET) 1 2 3 4 5 T8
b the amount of TaMc along he
routeT [eould vou say I1's not an
IssUE, 3 ITke bit of an Issue,
somawnat of an kssus, very mush
an Issuz, or @ s2rous 5]

[BCHTRAF) 1 2 3 4 5 T
c. the speed of iramMc along route?

[SCHEPD) 1 2 3 4 ] -7
d. vigl=nce or crime along rowe?

[SCHCRIM) 1 2 3 4 ) -7 8
&. poar weaiher or climate in your
arear

[SCHWTHR) 1 2 3 4 ] -7 -5
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MATIONAL HOUSERCLD TRAVEL ZURVEY
EXTEMDED MTERWIEW PAGE 16

Fiz.

Az Tere any OTET I55UEE mitaﬂaﬂ}"ﬂhf dedsion 1o aliow ar not aliow yaur chiid to walk or blke
o ar from schoal?
{F12, Fi2_01 - F12_05)

«<0PEN RESPONSE>

STHANE

My 5chooi questions are about {ravel to school. Because your oild |5 home schooledingt In schaol} | wil
skip that section.

SECTION G - TRAVEL DAY

1.

[Mow I'd e o talk about the irgs {youwSUBJECT] recorded in the diary we sent]
[Mow] | have some questions about all trips {yowWSUBJECT] fook on [TRIPDATE]. {Even though

|}'CIIJT.'|1|5.'|'IE|':- Tavedl an This l:laj' may Fawe been unusual Tor some reasan, we =3 want 1o know
about {your'SUBJECT S] rips on this particular day.)

Did {you/someana/SUBJECT] fll-out the diary {for SUBJECT)?

[DIARYCMPY)
YES [COMPLETED] ... oo 1
MO [NOT COMPLETED..... ... .2 GDTOG4
DID KOT RECEIVE MATERIALS ~ 3 GOTOG4
REFUSED . . .. .. ... 7 ©GOTOGd
DONT KMOW oo 4 GOTOG4

D you have {youn'SUBJECTS]) completed dlary with you now?
[DIARYHAW)

GO TO BOX BEFQORE G4

REFUSED ... [
DONT KMOW e -3

Let's continue Wil the Intendeswy amyway. Informalon on {wUurrSUSJECTS) travel Is Imparant o
us. Please Ty to nezal hie infamalion a6 bes? yau can.

—- FINAL VERSIOHN - DECEMSER 2009 —-
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MATIONAL HOUSERCLD TRAVEL ZURNEY
EXTEMDED INTERVIEW

PAGE 17

Ga.

=14,

E11.

=12

To bE BUrE WE Incluge al the iips {youSUBJECT) ook turing {yourfisher) travel day, well st
all fyour'SURIECT'S] tips Mat oceimed beswesn 4 I the moming on {TRODATE) ard 4 the next

memilng.
On {TRIPDATE} 3t £ In the moming, {were yowswas SUBJECT] at hame or someplace el5e?
[FRETHM)

HOME e 1 GOTOGEN

SOMEPLACE EL3E. .2

REFUSED .. 7

DM T KMOW oo -8

[Wiere youWas SUBJECT] oul of town for the antire traval day?
[OUTOFTN)

= 1
MO... 2 GOTD G
REFLEED - GOTOGEN

DO T KMOW e 4 GOTOGEN

[WEre yoUWaS SUBJECT] aut of the coundry for the enfire travel day?
[OUTCHTRY)

= 1 GO TOBOX SEFORE L1
M. 2
REFLEED -7

DONTEMOW . -8

For the next questions, & rip” Is any Ime {yowSUBJECT) went from ane address to anather. Be
ELrE 10 Incligde Slops mace “or any reason, SUch 38 buying 03s or Eing SOmeone Someansrs.

Howsver, do not Inciuds slops mads |ust to change {younhisher] type of ransporzdon.

Where did {yowSUBJECT] go firstinext on {TRIPDATE)?
[WHERE)

HOWE 1 GO TO BOX SEFORE G168
WO e 2 GO TO BOX BEFORE G16
MOWHERE... 3

MO MORE TRIPS TARKEM OM

[WHEREDS)
REFUSED ..o oo T

DONT KMOW .o -3

—- FINAL VERSION - DECEMSER 2004 —-
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MATIONAL HOUSERCLD TRAVEL SURVEY
EXTEMDZD INTERVIEW PAGE 18

G13.  Does this mean {yowSUBJECT) slayed at {the same placemome) all day?

[SAMEPLC)
== T 1
NO..__.. .2 RE-ASK G2
REFUSED ... T RE-AZN GiZ
DONT KNOW - RE-ASK GiZ

@15.  About how long ago before [TRIPDATE] tid {youwSUSJECT] last take 3 ip ko another addrass?
[LASTRPHU, LASTRPUT)

HUMBER... .| (.

UNT oo L
1= DAYS

2 = WESKS

3 = MONTHS

4 =YEARZ
REFLEED -7
DONTEMOW e -8

Ga.  Would you Bke %o get out more often?
MOROFTEN)

DONTKNOW ..o 5

=16, Whal time gld tils tip begin?
[STRTHR, STRTMIN. STRTAMPK)

(Al 8
TIME oo L
LN e — ic)
1= A
2=FM
FEFUSED ..o 7
DONTKNOW oo 3

17, What time dld {yow SUESECT) amve?
[ENDHOUR, ENDMINTE. ENDAMPM)

_ o) i€}
TIME... N T B IF}
0 ——— L

1= AM

2= FM
FEFUSED oo 7
DONTKMOW oo 3
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MATIONAL HOUSERCLD TRAVEL SURNVEY
EXTEMDED MTERWIEW PAGE 18

GIE. %o far, I have recorded {N} ip(s). Before we continos, did {yenSUBIECT} teke any othar

pblic trazsit or st2mted 2nd ended in the sams placs.

CONTIMUE. . T
ADDKMORETRIPS <. 2 RETURMN TO MATRIEX

RECORD TRIPE WHERE PREVIOUS SUBJECTS 5al0 THE CURRENT SUBJECT WENT ON THE
TRIP TOO.:

I alac ahow & trip to {PLACE]} s {TIME} raporied by {MAME}. Did you taks this rip?
= -1 ADD THIS TRIP TQ LIST OF
TRIPS
L .2

“Whika | read the trips Mve recordad, plaass think back to ses IF thers ware any additional ones.™

IF TWO TRIPS HAVE THE SAME TIME. S&Y- “l have recorded that {yowWSUBJECT} left for
{PLACE1} and {PLACEZ} at [TIME}. Which place did {yows{he]} leave for at [TIME}?

start Tims
PLACE .. |__J__J:|__L_ | AMPM

PLACEZ .. |__J__ | |_L_|&MPmM
&t what tima did {yowSUBJECT} begin {yourhiamar} trip to 7

PLACE . [ -

THEY ARE THE SAMETRIP ... ...._... 35
P_319. Did {you/SUBJECT} use an Infersiate or tumpike during any part of inese inps?
[USEINTST)
MO 2
REFUZED ... -7
DCNT KMo -5

319,  Did {yowSUBJECT} U= @ bus, subway, Taln, or some ofner ype of publc iransporiation during
any part of these trips?
[USEPUETR)

[ [
REFUSED.....
DONT KMOW

g e

—- FINAL WVERSION - DECEMSER 20049 —-
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MATIONAL HOUSEHCLD TRAVEL SZURVEY
EXTENDED INTERWVIEW PAGE 20

G20,

[Mow | have & f=w questions about each trip. | have recorded Tat {youSUSIECT) went to. .
[PLACNAME]

[IF HAME OF LOCATION, NOT PROVIDED PROBE]
[WHERE}

MAME OF PLACE:

Whal Is the address of {PLACKAME}?
[PLETHUM, FLETHAME, PLCITY, PLETATE, PLEIF]

STREET MUMEER STREET MANE

CITYTOWRAVILLAGE BOROUGEH STATE ZIPCODE

REFLEED ... -7
DONT RO e -5

(What Is the name of the stest or road Mat (PLACMAME] Is on¥| have recorded that
[PLACNAME} Is on {PLSTNAMEPLADDR).

{PLETHAMEPLADDR}

STREET MAME
[PLROAD)

Whal I the name of the neares? Intersecting sireet or noad?

STREET MAME
[PLROADZ)
REFUSED oo 7
T A 1 =

VWoukl wou please provide 3 landmark ihat 15 dose 1o [PLACKAMET [This could be a wel-
known buliding, pars, monument, ar school ]

[PLLHMRI1-3)
REFUSED . . . o 7
DONT KMNOW oo 3
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MATIONAL HOUSEROLD TRAVEL SURVEY
EXTENDED IMTERVIEW

176

PACE 21

G24.  What foorough or) courty Is JPLACHAME] In?
[PLCHTYNY, PLONTYWA)

37. OTHER SPECIFY [PLCYNYDSE, PLCYWIOS)

=25, Mowl hawe 3 few questions about each tip.

You tnid me the first place {yoW'SUBJECT] went was home. What was fe main
wer2/SUBJECT wash away from homs?
[AWAYHOME)

A0 ORI e GO TO GZ5A
20 SCHOCL DAY CARERELIGIOUS ACTIVITY GO TO 258
30 MEDICALDENTAL SERVICES ... ... .. GO TO BOX BEFORE G526
40 SHOPPINGERRAMDS ... GO TO GISE
50 S0CIAL RECREATIONAL GO TO G250
ED FAMILY PERSONAL BUSIMESS/OSLIGATIONS GO TD G250

TO TRAMSPORT SOMEONE ..o GO TO GZ5E
BOMEALS .o e GO T G250
EF MIZC REAZOMNE [AWAYHMEP). GO TO BOX BEFORE 328
-7 REFUSED... o GO TO BOX BEFORE G526
-3 DR TERNOW GO TO BOX SEF0RE G526

E25A. [Mow | have 3 few questions about each p.

You todd me the first place {yow'SUBJECT] went was home. What was e main
wera/SUBJECT wag) away from home?)

[AWAYHOME]
11 G0 TOWORK ..o 0 TO BOX BEFORE 528
12 RETURK TO WORK. ... .. G0TOBOXSEFORE G285

12 ATTEMD BUSIMESE MEETINGTRI GO TO BOX BEFORE =28
14 OTHER WORK RELATED ... GO TO BOX BEFORE (328
EORETURM TO MAIK SCREEM.. ... GO TO GIS

3258, [Mow | have 3 few quesions about each frip.

Yol todd me the firs:? FliI}E -:g‘ﬂL-'SLEpJE':_} WenT was home. What was e main
wera/SUBJECT was) away from homeT)
[AWATHOME)

20 SCHOOLREL IGIOUS ACTIWVITY .. GO TO BOX BEFORE (=26
21 G0 TO SCHOOL AS A STUDENT. GO TO BOX BEFORE =26
22 G0 TO RELMEIOUS ACTIVITY ... GO TO BOX BEFORE =28
23 @0 TO LIBRARY. SCHOOL RELATED . ... GO TO BOX BEFDRE =28

24 G0 TO DAYCARS'BEFORE OR
AFTER SCHOOL CARE . GO TO BOX BEFORE (228
EQ RETURMN TO MAIN SCREEM .o GO TO GIS [M_GZ21)
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MATIONAL HOUSEHOLD TRAVEL SURVEY

EXTEMDED IMTERWIEW PAGE 22
G250 [Mow | have & fow questions about each irip.
Yiou told me the Arst place {VowWSUBJECT] wenl was home. Whnal was the maln reason {you
ware/SUBJECT was) away rom homeT)
[EWAYHOME]
40 SHOPPINGERRAMDS .. GO TD BOX GEFORE 526
41 BUY G005 GROCERIEESCLOTHING'
HARDWARE 3TORE. ... GO TO BOX BEFORE 526
42 BUY SERMICES: VIDED RENTALS/DRY
CLEAMERPOST OFFICE!
CAR BERMICEMBARE ..o GO TD BOX BEFDARE G528
A B GRS e GO TD BOX BGEFORE 526
E0 FAMILY PERSCNAL BUSINESS/DELIGATIONS.. GO TD BOX BEFDRE G268
61 LISE PROFESSICNAL SERVICES:
ATTORMEYACOUNTANT . GO TD BOX GEFORE 526
G2 ATTEMD FUNERALMEDDING ... ... GO TO BOX BEFDRE 28
53 USE PERSCMAL SERVICES: GROCMING'
HAIRCLUTRAILS GO TD BOX BEFDARE G528
64 PET CARE. WALK THE DEVET VISITS.... GO TO BOX BEFORE G526
G5 ATTEMD MEETING: PTA'HZME CTWWKERS
ASSDCIATIONLOCAL GOVERMMNEMT ... GO TO BOX BEFDRE G528
O RETURM TO MAIN SCREEM .. GO TO 323
2250, [Mow | have & few questions about each irip.
Wiou loid me e frst place (VowSUBJECT] wenl was home. Wnal was T2 maln reason {you

wWere/SUBJECT was) away from homaT]

[AWAYHOME)
SO SOCALRECAEATIONAL . . 30 TO BOX SEFORE 528
51 GO TO GYMEXERCISEPLAY SPORTS ..... GO TO BOX SEFORE G526
52 REST OR RELANATIONVACATION.... ... @0 TO BOX SEFORE 528

33 VISIT FRIEMDS'RELATIVES
54 G0 QUTIHAMNG OUT: ENTERTAINMENTY
THEATER/EPORTE EVENTIZO TO BAR ... GO TO BOX SEFORE G268
SE VISIT PUSLIC PLACE: HISTCRICAL SITE!
MUEEUM PARFKILERARY .o GO TO BOX BEF0RE G268
BOMERLS .o GO TO BOX BEF0AE G286
&1 BOCIAL EVENT . GO TO BOX BEFORE G286
32 GET/EAT MEAL . GO TO BOX SEF0RE G268
&3 COFFEE/ICE CREAMIENACKS - GOTOBOX BEFORE G2E
B9 RETURMN TO MAIN SCREEM . GO TO GZ5

GO T BOX SEFDRE 28
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MATIONAL HOUSERCLD TRAVEL ZURNVEY
EXTEMDED INTERWIEW

PAGE 23

ZZ5E. [MOW | have & tew questons about each g

You told me e 1rs? place (YowSUBJECT} went was homse. What Was the malin reason {you

Wera/SLUBJECT wag) away rom homa?)

[AWAYHOME)
TOTRAMSPORT SOMECME . . . G0 TO BOX BEFCAE G528
71 PICKUP SOMEONE .o GO TO BOX BEFCRE 26

T2 TAKE AND WAIT ... GO TC BOX BEFORE =26
73 DROP SOMECME OFF .. BOTOBOX BEF0RE G268
EQ RETURM TO MAIN SCREEM..oe e GO TO G235

@25,  {Mow | have a few guestions about each 1rip)

Wihal was the maln regson for the tip o {DISPLAY CURRENT TRIP DESTINATIORNT

GO TO BOX BEFORE =28

GO TO GI6A
20 SCHOCLOAYCARE RELIGIOUS ACTITY _ GO TO G258
30 MEDICALDENTAL SERVWICES e GO TC BOX SEFORE =28
40 SHOPPINGERRANDS ... -~ BOTOGISC
50 SOCIALRECREATIONAL GO TO G360
E0 FAMILY PERSONAL BUSINESZOELIGATIONS.. GO TD GIEC
70 TRANSPORT SOMECMNE . GO TO GIEE
BOMEBLS . e GO TO G260

57 MISC REASDNES (WHYTRPSP).. .. BOTOBOX BEFDRE =28
-F REFUSEED .. - GEOTOBOX BEF0RE &23
S DONT RN ..o GO TO BOX 5EF0RE =28

264, [Mow | have & tew questions about each trip.

Wihal was the maln regson for the tip o {DISPLAY CURRENT TRIP DESTINATIONT]
(WHYTD)

TGO TOWORK ..o GO TC BOX BEFORE =28

12 RETURN TO WORK .. GO TC BOX SEFORE =28

13 ATTEND BUSINESS MEETMGTRIF . GO TC BOX SEFCRE =28

14 OTHER WORK RELATED ... ... - B0 TOBOX BEFORE G283
EQ RETURM TO MAIN SCREEM ..o GO TO G5
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MATIONAL HOUSESCOLD TRAVEL SURWVEY
EXTEMDED MTERWIEW PAZE 24

E258. [Mow | have a few quesiions aboul each g,

Wihal wias the maln reason for the trp o {DISPLAY CURRENT TRIP DESTINATICNT)

(WHYT)

20 SCHOOLRELIGIOUS ACTIITY e GO TC BOX SEFORE =28
21 @0 TO ICHOOL AT & STUDENT. - GOTOBOX BEFORE 28
22 GO TO RELMGIOUS ACTIVTY ... -~ GOTOBOX BEFORE 28
23 GO TO LISRARY. SCHOCOL RELATED. ... GO TO BOX SEFORE =28
24 GO TO DAYCAREBEFORE

CRAFTER SCHOOLCARE GO TC BOX SEFORE =28
EO RETURM TO MAIN SCREEM . GO TO GIE

E26C. [Mow | have &t questions about each trip.

¥ihal wias the maln reason for the trip o {DISPLAY CURRENT TRIP DESTINATICNT)

(WHYT)
40 SHOPPINGERRAMDS ..o GO TO BOX SEF0RE =28
41 BUY GOODS: GROCERIESCLOTHIMGI ...
HARDWASE STORE . GO TC BOX SEFORE =28

42 BUY SERVICEE WIDED RENTALS'DRY
CLEANERPOST OFFICEICAR SERWVICES
BAMK o GO TC BOX SEFORE =28
B GRS .o GO TO BOX SEF0RE =28
E0 FAMILY PERSONAL BUSINESS/OSLIGATIONS.. GO TD BOX SEF0RE 28
G1 USE PROFESIIONAL SERVICES:

ATTORMEYIRCCOUNTANT . GO TO BOX 5EFCRE =28
G2 ATTEMND FUNERALAWWEDDIMNG ... GO TC BOX SEFORE =28
53 USE PERIOMAL SERVICES. GROOMING!

HAIRCUTRAILE . GO TC BOX SEFORE =28

54 PET CARE: WALK THE DOGNVET WISITE.... GOTO BOX SEF0RE 238
65 ATTEND MEETING: PTATHOME OWNKERS
AEEDCIATIONLOCAL GOVERMMENT. ... GO TO BOX 5EF0RE =28
29 RETURM TO MAIN SCREEM .o GO T G256

3260, [Mow | have &t questions about each trip.

What wias the main reason for the trip o {DISPLAY CURREMNT TRIP DESTINATICN?)

MWHYT)
S0 SOCIALRECREATIOMNAL . .o GO TO BOX SEF0RE =28
31 GO TO GYMEXERCISEPLAY ZPORTS ... GO TO BOX SEFORE =28

52 REST OR RELAMATIONAACATION....
33 VISIT FRIEMDS'RELATIVES
54 @0 CUTHANG OUT: ENTERTAINMENT!
THEATER/ZPORTE EVENTIGD TO BAR ... GO TO BOX SEFORE =28

35 VISIT PUSLIC PLACE: HISTORICAL SITES
MUSELBPASKAIBRARY . ... . GO T BOX SEFORE =28

GO TC BOX SEFORE =28
GO TC BOX SEFDRE =28
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Z25E.

&30,

BOMEALS ...t e e GO TO BOX BEFORE =28
&1 S0CIAL EVENT . GO TC BOX BEFORE =28
2 GET/EAT MEAL GO TO BOX BEFORE =28
32 COFFES/ICE CREAMIENACKS - GOTOBOX SEFORE 28
E9 RETURM TO MAIN ECREEM.. oo GO TC G35

[Maw | have & few questions aboul each p.

Wihal was the main rezson for the Ifp 1o {DISPLAY CURRENT TRIP DESTIMNATICN ]
(WHYTO)

TO TRAMSPORT SOMEDME .o GO TC BOX BEFORE =28
71 PICKUP SOMEONE GO TC BOX BEFORE =28
T2 TAKE AKD WAIT GO TC BOX BEFORE =28
T2 OROP SOMECME OFF ... GO TO BOX BEFORE =28
B0 RETURMN TO MAIN ZCREEM.. e GO TC G5

I've recorded {your'SUSUECT s} next trip was from {DRIGINATIONE fo home.

[

Was the {VEHICLE] used on his ip?
[VEHEAME)

1 AUTOCODE G301 & G311 & GOTO BOX BEFORE Gaz
Z
-7

Wizs a househald vehicle used for this Tp?

[TRPHHVEH)
N =< T 1
T T 2 GO TOBOX SEFORE Ga2
REFUSED . . 7 GOTOBCXSEFORE G32
DONT KMOW oo -5 GO TO BOX SEFORE G32

Wihich vehicia?
[VEHID)

[IF NEEDED: Which ona was weed for tha longest distance?]

WEHICLE MUMBER ... L

WEHICLE MOT ONLIST oo 23 ADD VEHICLE TO HH.
RECORD MAKE, MODEL AND
YEAR. OF NEW VEHICLE

REFUSED oo T

DONT KMOW oo =
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PAGE 26

32

Did {you/SUBJECT]) take 3 bus, subway, Tain, or same oiner fype of public ransportation during

this frp?

[TRPPUE]
== T 1
T 2
FEFUSED oo T
n]w g 5 ) 3

Which one?

{PUSTYPE)

[

1 S 1
SUBWARTTRAMN . oo 2
FERRY/SOAT .. -3
REFUSED .... 7
DONT KMOW oo X

How did {you!SUBJECT] get to [CURRENT TRIP DESTINATION;?
[TRPTRANS)

[IF HEEDED: That |2, what maane of transportation did {yowSUBJEC T} ues for this trip?)

PERSOMAL VEHICLES
R

PICKLR TRIICEK .
OTHER TRUCH ..

MOTORCYCLE. e

LIGHT ELECTRIC VERICLE {GOLF CART)
EUS TRAVEL

LOCAL PUBLIC TRANSIT ...

ST TO CITY [GREYHOUNIFETERFPAM)
SHUTTLE BUS {SUCH AS & SENIOR

ORL ARPORT SHUTTLE] .o

TRAIN TRAVEL
AMTRAKANTER CITY e

COMMUTER TRAIN.
SUSWAYELEVATED ...

P

REET CARTROLLEY ..

[SEREY IS (I ) B CR T I O

i
11
1z
13

14

15
16
17
1B
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PRGE 27

HY1

HYZ

HY3

HY4d

SPECIAL TRAMSIT FOR PE0OPLE WITH

CHEABILITIES [DIAL-A-RIDE] ...
OTHER ... e
[SPECIFY]

|TRPTRNOS)

Which bus system did {yowSUBJECT] use?

MTA IMETROPCOLUTAMN TRANSIT AUTHORITY)

el TRANSIT

Wihiich irain did {yow' SUBJECT} use?

LIRR (LOMNG [SLAND RAILRCAD)

M TRANSIT

METRO MORTH

REFUGED .. e
DONT BROW ..o

Wihiich irain did {yow' SUBJECT} use?

PATH
WYSTA SUBWAY
(WY CITY TRAMSIT AUTHORITY)
3 RAPID TRANEIT
R TRANSIT
REFUSED ... e
DOMNT BROW .o

Wihiich ferry did [yowSUBJECT) use?

HUDSON RIVER i
STATEN ISLAMND 2
OTHER 3
L I -7
DONTEROW . -3

19
20 GO TONY_G27Td
21 GO TONY_G2Te

24
&7

130 TO 50X BEFORE Gb
20 TO 50X BEFORE Gb
-7 GO TO BOX BEFDRE Gb
-6 GO TO BOX BEFORE Gb

G0 TO BOX BEFORE Gb
&0 T BOX BEFORE b
G0 TO BOX BEFORE Gb
GO TO BOX BEFORE Gb
G0 TO BOX BEFORE Gb

oy P =

ke

G0 TO BOX BEFORE Gb

G0 TO BOX BEFORE b
G0 TO BOX BEFORE b
G0 TO BOX BEFORE Gb
GO TO BOX BEFORE Gb
G0 TOBOX BEFORE Gb

do = BB

G0 TO BOX SEFO0RE &
GO TO BOX SEF0RE &
GO TO BOX SEF0RE &
GO TO BOX SEF0RE &
GO TO BOX BEFORE Gh
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EXTEMDED IMTERVIEW

M5
Y5

=35,

Whikch alrport did (Yo SUBJECT] usa?
JFK i GO TO BOX BEFORE G0
LAGLIARCIA 2 &0 TO BOX BEFORE G0
NEWARK 3 &0 TO BOX BEFORE G0
NEWBLURE 4 GO TO BOX BEFORE Gb
OTHER 5 GO TO BOX SEFORE G0
i U= o S, 7 BOTOBOXBEFORE Gb
DOMT KNOW ..o -4 GOTOBOXSEFORE Gb
Was any part of this Tlp mads on an Intersiate or fumpke?
INTSTATE
=< S 1
T .2 GOTOBOXAFTER Ge
REFLISED. -7 GO TDBOX AFTER Gt
DO T EHOW oo -3 GOTOBOX AFTER Gt
Déd {youSUBJECT) pay a ol whilz fraveling on this Interstale?
PAYTOLL

How did {you/SUBJECT] get fo the {busiran'subwaystreet caniplerftemminal]? {Anything else)

TRACCT-5)

[CODE ALL THAT &PPLY.)

PERSOHAL VEHICLES

CARL 1

2

3

PICKLI? TRUCK 4

OTHER TRUCK . 3

17 - &

MOTORCYCLE. . T

LIGHT ELECTRIC WEHICLE [{GOLF CART) i

EUS TRAVEL

LOCAL PUBLIC TRAMSIT 3
COMMUTER BUS ... .. i}
SCHOCL BUS... ... 1
CHARTERTOURBUS ... 12
CITY TO CITY {GREYHOUNDIFETERFAMN) 13

SHUTTLE BUS (SUCH AZ & SEMIOR

OR ARPORT SHUTTLE) ... ... .. 14
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PAGE 23

TR&IN TRAVEL
AMTRAKINTER CITY e
COMMUTER TRAIM .
SUSWAYTELEVATED ..o
STREET CARMROLLEY ..
OTHER

AlRPLAME
BICYCLE...

SPECIAL TRAMSIT FOR PSOPLE WITH
DSABIUTIES (DIAL-A-RIZE] ...
OTHER . e

[SPECIFY)

{DROP_PRK)
BARKED 1
DROPPED OFF
REFUSZED . T
DONT KMOW oo -8

15
16
i7
1B

L]
20
21
2
23

24
=n)

-7
A

. Did you park a1 ine {busiransubwayisirest canplerlerminal or were {youhasne] dropped ol

How long did & take {youSUSJECT] o get fo the {busiralnisubway'sreet cariplererminal)?

[LOMNGTOHR, LOMGTOMN)

HOURS L1

MINUTES ]
REFUSED ..o 7
DONT KMOW oo 3

How long dld {yoWSUBJECT} have to wall for the {busiralnisubwayisrest canboat or femyl

iranspariation] ?
[WAIT_HR, WAIT_MIN)

HOURS N
MIMUTES 1

REFUEED .o -1
DORT KMOW .o -3
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EXTEMDED IMTERVIEW

PRCE 30

333 How did {you/SUBJECT] get from the fbus/ransubwayisireet canplerferminal) 1o

[DESTINATION}? [Anyining elsa?}

HOWFRP1-5) (dallvared as: TREGR1-5) [CODE ALL THAT APPLY.]

PERSONAL VEHICLES

PICKLIR TRUCK .
OTHER TRUCK .
[

MOTORCYCLE. . e
LIGHT ELECTRIC VEHICLE | GOLF CART)

EUS TRAVEL

CITY TO CITY (GREYHOUNDIPETERPAN)
SHUTTLE BUS (3UCH A3 A SEMIOR
OR AIRPORT SHUTTLE]) ..o

TRAIN TRAVEL

AMTRARINTER CITY e

COMMUTER TRAIM.....
SUSWAYTELEVATED ...
STREET CARTROLLEY

OTHER

SPECIAL TRAMSIT FOR PEOPLE WITH

DISABILITIES (DIAL-A-RIDE)
OTHER?....

[SPECIFY)

DONT KHOW ...

[SERE IS TR QS ST O R

3

e
11
12
13

i4

i5
16
i7
1E

12
20
21
2
3

24

oy

-7
-3

@30, How long did & take {yowSUSJECT] to get to [DESTINATION from the [ousiralnisubaay!sirest

cariplerieminalial

rpar)?

[LOMGFRHR, LONGFRMHN]

HOURS
MINUTES

I

REFUEED .o -7

DONT KMOW
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MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTEMDED IMTERVIEW PAGE 31

G40, Howfar ks It from {LAST DESTIMATION] In {CURRENT DESTIMATION)?

[TRIPDIST, TRIPUHIT - TRAVTIME])

[IF LESS THAN 1 BLOCK ENTER . IF LESS THAH 1 MILE ENTER 45 BLOCKS ]

[¥ MILE = 2 BLOCKS
= MILE = 5 BLOCKS
"= MILE = T BLOCKS]

IF ASKED, RECORD ACTUAL DISTANCE TRAVELED, NOT DISTANCE "A5 THE CROW
FLIES."]

MUMBER. ... 1 L
T oo —
1= BLOCKS
2 = MILEZ
REFUSED .. . oo 7
DONTKNOW . . 3

Earller | racorded Tils entire rip took you {TIME]. Is that about right
[TRIPTIME)

{About how long did this tip take?iAbout how long @ dhe enfire rp to {CURRENT TRIP
DESTINATION; ake youT)
[TRVLHR, TRVLMIN]

[IF LESS THAM 1 MINUTE, ENTER 1]

HOURS L1
MINUTES L
REFUSED oo 7
DONT KMOW oo 3

How many paopie went wih {yowSUBJECT] on this tip?

TRPACCME)
PECPLE|__|_ |
REFUSED oo 7
DONT KMNOW .o 3

—- FIMAL VERSION - DECEMSER 2009 —-



187
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EXTEMDED IMTERWIEW PAGE 32

Mot counting {yourseSUBJECT), now many of the ofher paople were househald members?
[TREHEACE_C)

HOUSEHOLD MEMEERS | | |

REFLEED e G0 TO BOX AFTER G435
DONT KM GO TO BOX AFTER 45

Wihich housshold memBers?

WHOACCT_15)

ENTER ROSTER NUMSER[S5):
MOHHEMONTHETRIZ .. .. L
RECORDNSWHEM . . . . ag

Did {yowSLIBJECT/a member of the housahoid) driva on the tip?
HHMEMDRY)

YES

MO

PART OF TRIP . 3

REFUEED .. -7 GO TOBOK AFTER 49
DONT KEMOW =i GO TO BOX AFTER 349

\Wha was the driver?
[DRVA_FLG, WHODROVE)

[IF HEEDED: Which ons drove the longest distanca?)

EMTER 1 FOR DRIVER

REFLEED e -T
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MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTEMDED INTERVIEW PAGE 33

SECTION L: GENERAL TRAVEL AND VEHICLE MILEAGE

Li.

L2a3.

how | Just have some Tinal question related 1o you and your ravel,

Of the following Issues, please w2l me which ane (s the most Imparant to you. Would you say. .
{ISSUE)

a. highway corgestion,

b @ccess 1o or avallabillty of public transh,

© lack of walkways or sidewalis,

. the price of fravel Including hings ke
tranesit fees, bols and the cost of gasalne,

£, agoressive or distractzd drivers, for)

1. gafaty concemes, lke wormying about baing
In & fraMc accider?

LU

o=

dn 4y

How much of an Issue Jis/ars} {RESPOMSE FROM L23} to you? Wouk you say...
[VARILBLES LISTED IN EOX ABOVE)

A e lssue, 1
A moderaba kssue, 2
A big lsELE, ]
REFUSED T
DOM'T KHOW B

About how mary miles did {youSUSIECT] personally orive during the past 12 manths i all
motorized vehicles?
[YEARMILE)

[IMCLUDE MILES DRIVEN &5 & PART OF YeORE]

REFUEED -
DONT EROW e -3

I recorded ihat [you'shemne) drove a tolal of about {YEARMILE) miies during the past year. |5
that comes?
[VERYRMIL)

L = .1 &0 TO 50X BEFORE LE
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L5B.  Would you say & was. ..
[YEARMILZ)

5000 miles or less, ...
5001 to 10,000 miles,
10,001 1o 135,000 miles, ..
15,001 1o 20,000 miles, ar.
hiore than 20,000 miles? ...

Y I A L Y

8?’
£I=I
1
s
s
L

L5.  MNow we'd IKe o 3ek 3 few gueslions about the housshold {vehickivehiclzs] {lor which you are
the primary driver.}

L7.  Please verly mat you have a. ..

[L_MAKE. L_MODEL, L_VYEAR)
KEY MAKE MODEL YEAR Ve

L3. How long have you had the {VERYZAR, MEXEDODE, MODLOODE)?
[WEHOWHED, O'WHLUNIT)

MUMBER. oo L
(N S — i

La. DCuring the past 12 monms, about how many miles was the [WEHYZAR, MAKZCODE,
IMCODLCODE] driven by all drivers?

[VEHMILES)
MILES . L
1 U J
DONT KMOW ..o -E
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PAGE 35

LaA. | recorded thial dils vehicke was orieen a total of about {WEHMILES) mikes by all drivers during the

past year. [s mat comect?
[VERMILES)

LOB.  Would you say K was. ..
[VEHMILEZ)

2,000 milles ar ess,
2,001 to 10,000 miles, ...
10,007 1o 15,000 miles, ...
15,001 1o 30,000 miles, ar
kore than 20,000 mikes? ..

DONTKNOW ... oo

GO TO LI

o L I S L R

L13.  About how mamy miies has this wahicke bean driven since you've had IL?

[ESTMILES)

REFUEED .
DONT KMOW e -g

L13A. | recorded Tat this vehicle was diven a tolal of abowl {ESTMILES) miles by all drivers since

you've had It 15 that comac:?
[VERESTML)

i == J—

L10B. Would you say Fwas.
[ESTMILEZ)

S.000 mies or less. ... ...
5,001 2o 10,000 miles,
10,301 1o 15,000 miles,.....
15,001 1o 20,000 miles, or
Kore than 20,000 mikes? ..

GoOTOLN

Y I I R
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MATIONAL ROUSEHCLD TRAVEL SURVEY
EXTEMDZD INTERWIEW PAGE 36

L11.  Inthe past month, about how often {have youhas SUBJECT) used pubilc ransparatizn sush 38
blsas, BULWSYE, STEEICArs, or Commiler r3ines?

[PTUSED)
[IF F. ANSWER.S NOME OR ZERO, PROBE 'ls It avalabis o youT]
WUMBSR|_ | ||

NOT AVAILABLE . ..o 300 GO TO BOX BEFCRE La
REFUSED T
DONT KMOW oo 3

EWAS. Thinking aoous ravel on pubilc translt In vour arsa, pisase tel me If you agres or disagree with
I Toflawing statemens.

[EVASa-EVASH

AGREE DISAGREE REF DK

a  Local pubilc fransit provides 3 good Tavel 1 2 I3 =
EXpEriEncs

Local pubic transit service | rellabie 1 2 I3 =

Local pubic translt service |s afe Fom crme 1 I3 &

Local pubic transit service |s easy to use 1 2 & B

. Thecostof local pubilc transk Is reasonatle 1 2 T 8

f.  Local pubilc iranslt servics ks fast enough for my 1 2 I3 =

neads

La.  Inine past montn, about now many tmes {have youhas SUBJECT] diven a motorewde ar
miaped on pubilc OamwayE?

MCUSED)
WUMBER| | ||
MOTAVAILABLE =
REFUSED oo
DONT KMOW oo . -5
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SECTION M: INTERHET USAGE AND DEMOGRAPHIC INFORMATION

P2,

[SER

BlD.

Fld.

TN NE pasL Manth, how ofen (Nave Younas SUBJEC ] USed M IMEmeT? Woukd you 53y,
[WEBLSE)

AMOBL EvETyTaY, ... ......
several HMEE & Week

onee & momh, ar

MEVEr? ... GOTO N
REFUSED GOTOM
DONT KMOW -3 GOTON

In Th& past manth, how many Imse 0 {yow'SUSIECT) personaly purchase something through
e Intemeat?
[PURCHASE)

MUMBER OF TIMEZ __ | 1|

REFUSED ...
DONT KNOV

How I'I'E'T!I"ET tzee Flul'l:fIEEEE- were gelivered 1o yoar nome?
{DELIVER)

HUMBER OF CELWERIEZ TOHOME || | |

REFUEED ... -7
DONT KMOW -3

P I I 10 354 3 Tew background quesTons abaut yCUrEESUBJECT).

{Do yowDoes SUSIECT) Nave 3 \BMporary of permanent conddon or handcap that makss It
gimcult to fravel putside of the home?

[MEDCOND)

GOTONG
GOTO NS
GOTOME

How long {have younas SUBJECT) had this condition®
[MEDCONDE)

0-3 MONTHS
6 =11 MONTHS.
1 -4 ¥YEARS..

10 YEARS OR MORE...
ALL HIZHER LIFE
REFUEED
DONT KMV
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PAGE 38

MCAT. {Do youDoes SUBJECT} use anything to heip {youhimmer} walk or get around, Such 35 3 cane,

EEeing-2ye 00y, oF whesichar?

(WALKHELR)
L = 1
T 2 GOTOMS
FEFUSED oo 7 BOTOME
T M 4 1 4 SOTOME

MCAZ. [Do youDoes SUBJECT} use ...

YES WD DK REF
a.  Canz? [W_CANE) 1 2 7 =
b Walker? (W_WLKR) 1 1 T B
©  White cane? [W_WHCANE) 1 1 T B
d.  Seeing-eve dog of oiher K-3 asskstance? (W_DOG) 1 2 7 B
2. Crulches [(W_CRUTCH) 1 2 7 8
f  Motorized Scooter? (W_SCOOTR) 1 2 T B
9. Manual Wheelchair? (W_CHAIR) 1 I
h.  Motorized Wheskchalr? [W_MTRCHR) 1 1 T B
L Anything elsa? MCAE_DS) 1 1 T B
[MCAB_OTH)
ME.  Because of this condiian, nave yowhas SUBJECT]...
YES NO RF DK
[CONDTRAV) a) reduced {yourhisiher) cay-to-day travel? . 1 2 7 4
{CONDRIDE) b) asked omersforfides? 1 2 T &
[CONDNIGH) c) limited drwving fo daytime™ ... 1 2 T &
{COMDRIVE) ) ghven up driing aliogether? ... 1 2 7 -8
{CONDPUB) &) Usad the bus of Subway less raguently?.. 1 2 T &
{COMDSPEC) ) usad spacial Tansportation senvices
T L s E A — 1 2 T &
[CONDTAX] g used a reduced fare taxl 1 2 7 B

MB.  {Wars youiWas SUBJECT} bom In the United States? [IF HEEDED: Sometlmss pecpls
who have Immigrated to fhe United Statss have unique travel difficultiee and we want to

undaratand this.]
[BORNINUS)
21 PP 1 GO TO BOX BEFCHRE M11
L P 2
REFLEED e -7
DOMT EMOW . -8
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EXTEMDED IMNTERWVIEW PAGE 33

[ el

BT

1

[0 B

In what year did {youwSUBJECT] come 1o the United Siates?
(YRTOUS)

[IF HEEDED: Sometimas people who have Immigrated o the United Sisies have unigus
travel dificuliles and we want to undsrstand this.]

YEAR . . L
REFUSED .o 7
DONTKNOW oo 8

Transportation planness use data from this survey bo assess current travel paliems and antiipats
new one6. ThEes Patiems are affecied by where people chooss 1o Ive, Wowid you please tel
M the address of your home?

[HMSTHAME, HMAPTHUM, HMCITY, HMSTATE, HMZIF)

[IF HEEDELD: It Iz important that we get af least a panaral location of your housshold.
Wiould you piaasa Idantiy the Interasction of reads which |2 closest fo your homeT]

STREET ADDREES APT#
CITYITOWN STATE ZIF CoDE
REFUEED -7
DN T EMOW -3

What Is the name of the strest or road that (vou IN/SUBJECT Iives} on?
HMROADT)

FIRST RIC&L0:

Whal Is the name of the neanss? mEF&EE'"I'IgEﬂ'EE'l or rgag’
HMROADZ)

SECOND RCALD:

REFLEED e -7
DONTEMOW . -8

In Burvays llks thiese, housshoids are sometimes groupsd according fo ncome.  Plase shop me
winen | et 10 the caiagony Mat bast deserbes your total housenold Income, DEfone taxas, In Me
past 12 months.
[HHFAMING_C)
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PAGE 40

E114.

K15

KI1E.

FA1T.

[IF HEEDED: Wis want fo Includs Incoma from sources such as
from a businsss or a farm, Soclal Sacurity, panslons, dividends, Intsrest, rent, and any

otfer Incoms received.]

SS0O00%WSEDOOD, .
£50,000 to §70,000, ...
§70,000 %o $50,000, ...

Lees than S10,000, e 1
S$10.000 o $20,000, . -2
20,000 o $30,000, . - 3
530,000 %0 340,000, . o4
540,000 %0 $50,000, . 3

i

-

580,000 %0 $100,000, ar.. - 9
STDOLO00 Or MOTET .. i}
REFUSED e -7
DOMT KM -3

Was waur hicsehicld Income more ar less Tan 55,0007
{HHINC_C}

Was waur househald income more ar less Tan 3150007
{HHING_C)

SIS0I0CRMORE . 1
LESS THAK 315,000 ... 2
REFUSED ..o —-T
DOMT KM -3

Was waur househald income more ar less Tan 3250007
{HHINC_C}

S2ENI0CRMORE .o 1
LESS THAK F25000 .. e 2
REFUSED.......... —T

DONT KNIV

a5 your household income more ar less Tian $35.0007
[HHIRG_C)

SAENIDCRMORE . 1
LESS THAN 335000 .. e 2
REFUSED ...

DONT KNIV

GO TO M4

GO TO M1S

GO TO M8

GOTO M17

GO TO M18

GOTO M1

GO TD M2

GO TO K21

GO TD BOX SEFORE M22
GO TC BOX SEFORE M22
GO TO BOX SEFORE M1
GO TD BOX SEF0RE MA

GO TC BOX SEFORE M22
GO TC BOX SEFORE M22
GO TO BOX SEFORE M1
GO TD BOX SEF0RE MA

GO TO BOX SEFORE M22
GO TO BOX SEFORE M22
GO TO BOX BEFORE M1
GO TO BOX SEF0ORE M1

GO TC BOX SEFORE M22
GO TC BOX SEFORE M22
GO TO BOX SEF0ORE M1
GO TO BOX SEFORE M1

GO TC BOX SEFORE M22
GO TC BOX SEFORE M22
GO TD BOX SEFORE M1
GO TO BOX SEFORE M1

—- FIMAL VERSICN - DECEMSER 2009 —-
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MATIONAL HOUSERCLD TRAVEL SURVEY

EXTENDED MTERVIEW PAGE 41
MiE.  Was your housshoid income more or less tan $45.0007
HHING_C)
S4E.000 ORMORE ..o 1 GO TOBOX SEFORE M22
LESS THAN $45.000 oo 2 GO TOBOX SEFORE M22
REFUSED oo 7 GO TOBOX BEFORE N1
DONT KNOW oo -8 GO TO BOX BEFORE N1

M1

20

2.

M2z

Was waur housshold Income more ar less than 5550007
[HHING_C)

SEE0IDORMORE 1
LESS THAN 355,000 .. 2
REFUEED ... -7
DT EMOW e -3

Was your housshold income more ar less than 3650007
[HHING_C)

SEE000 DR MORE ..o 1
LESS THAN 385,000 .. 2
REFUEED ... ... -7
DO T KO e -3

Was your household incame more ar less than 575,0007
[HHING_C)

STEODD DR MORE ..o 1
LESS THAN SFE000 .o 2
REFUZED

DO T KO e -3

Dioes this Include Income of all housenald members?
HOMFMFL)

DONT KO e -3

GO TO BOX SEF0RE M22
GO TO BOX SEF0RE M2Z
G0 TO BOX BEFORE N1
GO TO BOX BEFORE M1

GO TO BOX SEFORE M22
GO TO BOX SEF0RE M2Z
&0 TO BOX BEFORE N1
GO TO BOX BEFORE N1

G0 TO BOX BEF0RE N1
GO TO BOX BEFORE N1

—- FINAL VERSICHN - DECEMSER 2009 —-
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MATIONAL HOUSESCLD TRAVEL SURVEY
EXTEMDZD INTERWIEW PAGE 42

SECTION H- COLLECTION OF ODOMETER READINGS

M1, Inhe packstwe sent bo fvouyour househald:, thene was a Torm &2 record the odometer
rezding|s] for your venldes)

{i5 the reading/ane any of tha readings] avalabls now?
[READINGS)

YES
REFLEED i ™
DONTEMOW -

(SR L

M2 (WERCD} [RECORD THE ODOMETER MILEAGE FOR WEHICLES ]

ODOMETER DATEREADING

f hal

|OD_READ) [OD_MONTHIOD_YEAR/OD_DAY)

MAaRE  MODEL  YRAR

M. (CDVERF) [RECORD THE ODOMETER MILEAGE FOR WEHICLES.)

ODOMETER DATEREADING

f bal

|OD_READ) [OD_MONTHIOD_YEARIOD_DAY)

HakE  MODEL  YRAR

& 1nat all of the readings?

1. ¥EE
2. WO RETURHN TO MATRIX

CLO3E1

TNENE WIU Wery much Tor your COperalon. Your assisiance Nas besn very heiplul.

—- FIMAL WERSION - CECEMSER 2009 —-
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APPENDIX C
2009 NHTS INTERVIEW QUESTIONS

ESPECIALLY RELEVANT TO ANALYSIS

C3. To help us understand the things that impact your travel choices, I have a few
questions about your household. Including yourself, how many people live in your
household? Please do not include anyone who usually lives somewhere else or is just
vesting, such as a college student away at school.

B1. How many vehicles are owned, leased, or available for regular use by the people
who currently live in your household? Please be sure to include motorcycles, mopeds
and RVs. (HHNUMVEH)

B2. {I have a few questions about each of these vehicles. Let’s start with the newest
vehicle.} What is the make, model and year of this vehicle?

C7. I’'m going to read a list of races. {In addition to being Hispanic, please/Please} tell
me which best describes your race.

Ca. {Do you/Does FNAME/AGE/SEX} have a job? (WRKR)

C22b. Does the {VEHYEAR, MAKECODE, AND MODLCODE} have a commercial
license plate? (VEHCOMM)

C22c. Is it a hybrid or alternative fuel use vehicle? (HYBRID)

L7. Please verify that you have a...{L MAKE, L MODEL, L VYEAR}
L9. During the past 12 months, about how many miles was the {VEHYEAR,
MAKECODE, MODLCODE} driven by all drivers? (VEHMILES)

L10. About how many miles has this vehicle been driven since you’ve had it?
(ESTMILES)

M13. In surveys like these, households are sometimes grouped according to income.
Please stop me when I get to the category that best describes your total household
income, before taxes, in the past 12 months. (HHFAMINC C)
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